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The main study purposes were to determine: whether antidepressant (AD) use 

increases the risk of type 2 diabetes mellitus; and whether results differ when using 

different methodological designs: retrospective cohort design and nested case-control 

design. A retrospective Texas Medicaid database analysis of new AD (exposed cohort) 

and benzodiazepine (unexposed cohort [BZ]) users from January 1, 2002 to December 

31, 2009 was conducted. Patients aged 18-64 years without diabetes at cohort entry were 

included. The primary outcome was incident diabetes and the main independent variable 

was AD vs. BZ use. Covariates included age, gender, race/ethnicity, medication 

adherence, persistence, number of concomitant diabetogenic medications, Chronic 

Disease Score, treatment duration, year of cohort entry, and use of both AD and BZ at 

index. Regression analyses (adjusted) were used to address the study purposes.  
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Of the study cohort (N=44,715), 35,552 (79.5%) were AD users and 9,163 

(20.5%) were BZ users. Patients were followed for an average of 2.31.9 years 

(Median=1.8 years), were on average 38.614.2 years old, and 69.3% were female. Using 

the retrospective cohort design, AD use was associated with a 48.9% increase (logistic 

regression) and 60.0% increase (Cox regression) in the risk of diabetes compared to BZ 

use (logistic regression analysis: RRadj. =1.489; 95% CI: 1.331–1.667; Cox regression 

analysis: HRadj. =1.600; 95% CI: 1.437–1.783). Using a nested case-control design within 

the entire study cohort, AD use was associated with a 54.1% increase in the risk of 

diabetes compared to BZ use (ORadj. =1.541; 95% CI: 1.368 – 1.735). Using a nested 

case-control design within the exposed cohort, current AD use was associated with a two-

fold higher risk of diabetes compared to former AD use (ORadj. =1.995; 95% CI: 1.759–

2.264). Among antidepressant classes, TCAs, SSRIs, SNRIs, and Other ADs were 

associated with a higher diabetes risk compared with BZs.  

The results from the present study suggest that AD use is associated with an 

increased risk of diabetes. Clinicians may need to take this into account when choosing 

treatment for depression in patients at high risk of diabetes.  
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CHAPTER 1: INTRODUCTION 

CHAPTER OVERVIEW  

This chapter provides a brief overview of the study. To this end, the chapter 

provides a brief description of the problem statement, the study significance, and the 

purpose statement.  

1.1    PROBLEM STATEMENT  

Diabetes mellitus is a serious chronic illness with prevalence increasing 

dramatically and  reaching epidemic proportions in both industrialized and developing 

countries.
1
 It is economically devastating and is associated with significant morbidity and 

mortality.
2
  The global prevalence of diabetes mellitus in all age groups is projected to 

increase from 2.8 percent in 2000 to 4.4 percent in 2030, posing a public health 

challenge.
3
 The total number of people diagnosed with diabetes mellitus is projected to 

double over three decades, rising from 171 million in 2000 to 366 million in 2030.
3
  

In the United States, the estimated prevalence of diabetes  was 8.3 percent in 2010 

(25.8 million people).
4
 Of these, 18.8 million had diagnosed diabetes, while 7.0 million 

were unaware that they had the disease. The current prevalence rate has surpassed 

projections made earlier at the turn of the century, which estimated that the prevalence of 

diabetes will reach 7.2 percent in 2050.
5
 In 2006, diabetes mellitus was the seventh 

leading cause of death and it accounted for $174 billion in total treatment expenditure.
6
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Recent evidence suggests that long-term use of antidepressants can result in an 

increased risk for developing diabetes.  In addition to causing weight gain as documented 

in previous studies, new studies have reported that use of antidepressants can also cause 

glucose dysregulation, possibly leading to diabetes mellitus.
7-10

 However, only a few 

studies have evaluated the association between antidepressant use and the risk of 

diabetes.  Further, results from these studies are equivocal. To date, only six population-

based observational studies have been conducted.
9-14

 While the results of four 

observational studies showed a significant increase in the risk of diabetes among 

antidepressant users compared with nonusers,
9-10, 13-14

 the other two observational studies 

did not find an increased risk of diabetes.
11-12

 Furthermore, the evidence from randomized 

controlled trials (RCTs) has also been mixed. While two RCTs observed an increase in 

the risk of diabetes associated with use of antidepressant agents, use of antidepressants in 

one RCT resulted in a decrease in fasting plasma glucose.
15-17

  

The inconsistency in these findings may be explained by the heterogeneity of the 

study designs and the populations studied. The inclusion of only patients aged 65 years 

and older in one of the studies makes it difficult to make comparisons with studies 

involving younger patients (i.e., those aged 18-64 years).
12

 In addition, one of the 

randomized clinical trials was not originally powered to study the association between 

use of antidepressants and diabetes, and included patients at high risk for developing 

diabetes.
15

 Furthermore, exposure to antidepressants was measured through self-reports 

in some studies, thereby potentially introducing exposure misclassification bias.
12, 15
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 In addition to the above limitations, failure to control for important confounding 

factors such as body mass index (BMI), disease severity, chronic diseases, and indication 

for antidepressants limits the interpretation of the findings from the observational studies.  

Moreover, the interpretability of the available literature is also limited by the small 

number of cases exposed to antidepressants in some studies, thereby compromising the 

reliability of the risk estimates.
12, 15

  Only two studies to date have evaluated the effect of 

dose and duration of treatment.
9, 14

  

Given the small sample sizes and the limitations of some of the published studies, 

it is important to evaluate the association between use of antidepressants and diabetes in 

large samples. To date, four studies have evaluated the risk for diabetes in large 

populations.
9-11, 14

 Three studies, conducted in Finland and the United Kingdom using  

large prescription/medical records databases, concluded that use of antidepressants was 

associated with a significant increase in  the risk of diabetes, while one study conducted 

in the Netherlands did not find a significant association.
9-11, 14

 In addition, all the 

observational studies evaluating the association between antidepressants and diabetes 

were conducted outside the US (i.e., in Canada, Finland, The Netherlands, the United 

Kingdom, and Australia), where patterns of antidepressant use could differ.
9-14

 Therefore, 

there is a need for a large population-based study in the US evaluating whether use of 

antidepressants is associated with an elevated risk for diabetes.  

The association between antidepressants and the risk for diabetes is thought to be 

confounded by depression.  Depression has been noted to be an independent risk factor 
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for diabetes.
18-24

 However, the elevated risk cannot fully be explained by depression as 

there is a difference in the risk for diabetes depending on the type of antidepressants 

prescribed to patients.
14

 In addition, elevated Beck depression scores at baseline in the 

Diabetes Prevention Program were not associated with an increased risk for diabetes.
15

 

However, in the same study, use of antidepressants was associated with an increased risk 

for diabetes. Furthermore, a recent study observed a stronger association between 

antidepressants and diabetes than between depression and diabetes.
9
 Therefore, 

antidepressants may be associated with an increase in the risk of diabetes independent of 

a diagnosis for depression.   

The present study differs from previous studies as it evaluated the association 

between use of antidepressants and the risk of diabetes using two methodological 

designs: a retrospective cohort design and a nested case-control design. These two 

methodological designs were used because the results of previous epidemiological studies 

had been inconsistent depending on the design used. The two cohort studies did not 

identify an increased risk of diabetes associated with antidepressants.
11-12

 In contrast, all 

four nested case-control studies observed an increase in the risk of incident diabetes in 

patients exposed to antidepressant agents.
9-10, 13-14

 

 The retrospective cohort design included two cohorts: patients exposed to 

antidepressants (exposed cohort) and patients exposed to benzodiazepines (unexposed 

cohort). Patients exposed to benzodiazepines were chosen as controls for three reasons. 

First, benzodiazepines have not been shown to be associated with the development of 
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diabetes. Second, patients on benzodiazepines may have similar medical profiles as 

patients receiving antidepressants as they are more likely to be receiving other 

psychotropic drugs than other patient groups. Third, patients on benzodiazepines were 

successfully used as controls in a recent retrospective cohort study evaluating the 

association between use of antipsychotic agents and the risk of developing diabetes.
25

  

In addition to the retrospective cohort analysis, the present study used a nested 

case-control design to examine the association between the use of antidepressants and 

incident diabetes. To account for differences in results that could result from studying 

different populations, the nested case-control design was implemented using two 

approaches: in the entire study cohort (antidepressant users and benzodiazepine users) 

and in the exposed cohort (antidepressant users). The nested case-control design has been 

proposed as a method of addressing the potential problem of confounding by indication 

in pharmacoepidemiologic studies.
26

 Furthermore, the nested case-control design is 

considered to be more efficient as it requires smaller sample sizes than the retrospective 

cohort design.
26

 Therefore, it was more informative to use the two designs to establish 

whether the use of antidepressants is associated with development of diabetes. 
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1.2    SIGNIFICANCE  

Increased awareness of depression coupled with the availability and commercial 

promotion (e.g., direct-to-consumer advertising) of new antidepressants, particularly the 

selective serotonin-reuptake inhibitors (SSRIs), has resulted in increased antidepressant 

use in the US. One in 10 Americans (10.5%) use antidepressants in a given year.
27

 

Antidepressant use has increased more than four-fold in the last two decades.
28

 For 

example, sertraline had approximately 28 million prescriptions in 2007, an approximately 

200 percent increase from the number of prescriptions written in 2006.
29

 Furthermore, 

antidepressants were among the five leading therapeutic classes in 2007 in terms of drug 

expenditure. Together with lipid regulators, acid pump inhibitors, respiratory agents, and 

oral antidiabetics, they accounted for 22 percent of drug spending.
30

 According to the 

Medical Expenditure Panel Survey Household Component (MEPS-HC), there were 

approximately 170 million antidepressant prescription purchases in the United States 

ambulatory population in 2005.
31

  

Antidepressants are widely used and have been one of the most prescribed 

medication classes since 2000 in the US.
32

 Thus, even a small elevation in the risk could 

translate to a large number of cases of diabetes. Given the rapidly rising number of 

patients with diabetes, it is important to identify and mitigate factors that could further 

aggravate the public health threat posed by the high prevalence of diabetes.
6
 Furthermore, 

according to recent estimates, the prevalence of pre-diabetes in adults aged 20 years and 

older in the US is 35.0 percent.
4
 This translates to 79 million people with pre-diabetes, 
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some of whom could be taking antidepressants and potentially at risk for developing 

diabetes. 

The co-occurrence of diabetes and depression is associated with adverse 

outcomes. Depression in patients with diabetes is associated with increased mortality, and 

increased health care utilization and costs.
33-34

 In addition, patients with diabetes and 

depression have increased diabetes complications including diabetic neuropathy, 

retinopathy, nephropathy, and macrovascular complications.
35

 They are also more likely 

to have three or more cardiac risk factors compared with those with diabetes without 

depression.
36

  

The reported increased risk of diabetes associated with antidepressants is a cause 

for concern given the already high prevalence of diabetes in the US, and the 

complications associated with comorbid depression and diabetes. Moreover, the number 

needed to harm of five after three years of treatment with antidepressants reported in the 

Diabetes Prevention Program suggests that one in five patients will develop diabetes 

during long-term antidepressant therapy as a result of exposure to antdepressants.
15

 Thus, 

a large number of patients receiving antidepressant agents could be at high risk of 

developing diabetes. Addressing the uncertainty regarding the diabetogenic risk 

associated with antidepressants may impact the future management of patients with 

depression in terms of screening and surveillance for diabetes mellitus. If antidepressant 

use is indeed associated with an increased risk for diabetes, clinicians will need to take 

this into consideration when prescribing antidepressants, especially in patients at high 



 

 

 

 

 

 

 

8 

 

risk for diabetes. This will help in reducing the number of patients developing diabetes as 

a result of being exposed to antidepressants and thus control the increasing incidence of 

diabetes.  

 

1.3    PURPOSE STATEMENT  

The main purpose of this study was to establish whether antidepressant use is 

associated with an increased risk for developing diabetes.  The risk of developing 

diabetes among antidepressant users was compared with that of benzodiazepine users.  

This study also compared the risk of developing diabetes among patients taking tricyclic 

antidepressants (TCA), selective serotonin reuptake inhibitors (SSRI), serotonin-

norepinephrine reuptake inhibitors (SNRI), and other classes of antidepressants (hereafter 

referred to as „Other antidepressants‟). In addition, the study evaluated the effect of 

treatment duration on the risk of diabetes. The second purpose of this study was to 

establish whether the association between the use of antidepressant agents and the 

development of diabetes is independent of the methodological design used in the 

analysis. To this end, the association between the use of antidepressants and the 

development of diabetes was evaluated using two methodological designs: a retrospective 

cohort design and a nested case-control design. Secondary analysis of the Texas 

Medicaid database was used to address the research objectives. The association between 

antidepressants and the development of diabetes was evaluated while controlling for 
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demographic factors (e.g., age, gender, and race/ethnicity), comorbidity (i.e., Chronic 

Disease Score), medication adherence, persistence, treatment duration, and concomitant 

diabetogenic medications.    
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CHAPTER 2: LITERATURE REVIEW 

CHAPTER OVERVIEW  

This chapter provides a detailed discussion of the literature relevant to the present 

study. The chapter begins by giving a brief background of diseases commonly treated 

with antidepressants. In this regard, major depressive disorder, the main indication of 

antidepressants, is discussed in detail. This is followed by a brief discussion of other 

diseases commonly treated by antidepressants: anxiety disorders, obsessive compulsive 

disorders, and eating disorders. Thereafter, literature linking the use of antidepressants 

and the development of diabetes is discussed in detail. This is followed by a brief 

discussion of the epidemiology and management of diabetes mellitus. In addition, issues 

surrounding use of large databases in pharmacoepidemiological research are discussed. 

The chapter concludes with a discussion of the study rationale, study objectives and 

hypotheses. 
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2.1    SECTION I:    GENERAL BACKGROUND OF MAJOR DEPRESSIVE DISORDER 

The main indication of antidepressants is the treatment of major depressive 

disorder. This section provides a brief overview of the epidemiology, etiology, 

classification and treatment of major depressive disorder.  

2.1.1    Introduction 

Depressive disorders are broadly classified into two groups: major depressive 

disorder and dysthymic disorder.
37

 According to the Diagnostic and Statistical Manual of 

Mental Disorders, Fourth Edition, Text Revision (DSM-IV-TR), patients with  dysthymic 

disorder have similar symptoms as patients with major depressive disorder, with the 

exception that the symptoms are either not sufficiently severe or the duration of 

symptoms is not sufficiently long to meet the criteria for a major depressive episode or 

major depression disorder.
37

 This section focuses on the epidemiology, diagnosis, and 

treatment of major depressive disorder. 

2.1.2    Epidemiology  

Major depressive disorder (hereafter referred to as depression) is one of the most 

common diseases encountered in primary care settings, and is associated with high 

morbidity and mortality.
38-39

 In ambulatory care settings, patients with depression report 

more pain and have decreased physical, social and role functioning than non-depressed 

patients.
40-41

 In fact, the debilitating effect of depression on physical and social function 

has been observed to be worse than that resulting from common chronic medical 
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conditions such as hypertension, diabetes, and arthritis.
39

 In addition, approximately 15 

percent of patients with depression commit suicide.
37, 39

 In patients aged 55 years and 

older, depression is associated with a four-fold increase in death rates.
39

  

The annual incidence of depression in the US adult population is estimated to be  

6.7 percent, and the prevalence of depression is higher in women (5 – 9%) than in men (2 

– 3%).
37, 39, 42

 Furthermore, the lifetime risk for depression ranges from 10 – 25 percent 

for women and from 5 – 12  percent in men.
37

   

2.1.3    Economic Burden 

The cost of depression to society is overwhelming and far reaching.
43-45

 It 

includes direct medical costs, reduced performance while at work, and lost productivity 

time due to frequent absenteeism from work.
43-44

 In 2000, the estimated annual cost of 

depression in the US was $83.1 billion.
43

 Most of the costs ($51.5 billion; 62%) were 

attributed to lost productivity and absenteeism in the workplace.
43

 Direct medical costs 

accounted for $26.1 billion (31%), while suicide-related mortality costs accounted for 

$5.4 billion (7%).
43

  

2.1.4    Etiology  

Depression is often triggered by a major stressful event in the life of a person with 

a genetic predisposition.
37

  It is thought to be accompanied by changes in the brain 

neurotransmitter balance.
46

 According to the catecholamine hypothesis, depression results 

from a synaptic deficiency of one or more of three biogenic monoamines: serotonin, 
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norepinephrine, and dopamine.
46-47

 This theory is largely supported by empiric evidence 

of an increase in the concentration of one or more of these neurotransmitters in response 

to antidepressant therapy.
46

  

 

2.1.5    Classification and Clinical Characteristics 

Definition 

Depression is diagnosed after a patient presents with a major depressive episode.
37

 

A major depressive episode is a period of at least two weeks with at least five symptoms 

listed in the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text 

Revision (DSM-IV-TR).
37

 The DSM-IV-TR specifies that one of the symptoms must be 

either depressed mood or loss of interest or pleasure in daily activities. The other 

symptoms include the following:  significant weight loss when not dieting or weight gain; 

change in sleep patterns; diminished ability to think or concentrate or difficulty making 

decisions; feeling of worthlessness or excessive or inappropriate guilt; decreased energy; 

psychomotor agitation or retardation; and recurrent thoughts of death or suicide. The 

DSM-IV-TR criteria also stipulate that the symptoms must cause marked distress or 

result in clinically significant impairment of social or occupational functioning.
37

 In 

addition, the symptoms should not be due to direct physiological effects of a substance, 

or a general medical condition, and should not be as a result of a loss of a loved one.
37
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Clinical characteristics 

Patients with a major depressive episode typically present with tearfulness, 

irritability, brooding, agitation, grimacing, pacing, cursing, obsessive thoughts, anxiety 

and excessive worry over physical health, and complaints of pain.
37

 Some patients may 

present with auditory hallucinations, persecutory delusions, and delusions of serious 

medical illness.
37

  

A major depressive episode may be classified as chronic with either melancholic 

features or with a seasonal pattern.
48

 A chronic depressive episode is one that lasts for 

more than two years. Depression with melancholic features is usually a severe form, and 

is less likely to remit spontaneously than other forms of depression.
37

 Melancholic 

features include neurovegetative symptoms, early morning awakening, marked 

psychomotor agitation or retardation, and significant anorexia or weight gain.
39

 

Depression with seasonal pattern has a regular temporal relationship between the onset of 

depressive symptoms and a particular time of the year.
48

 

Depression may further be classified as having catatonic features, atypical 

features, and psychotic features.
37

 Catatonic features include motor immobility, excessive 

motor activity, extreme negativism, echolalia, and peculiarities of voluntary movement.
37

 

Atypical features include weight gain, hypersomnia, leaden paralysis, and rejection 

sensitivity.
37

 Psychotic features include hallucinations, and  delusions.
37
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2.1.6    Clinical Course  

Symptoms of a major depressive episode typically develop over days or weeks.
37

 

A full major depressive episode is usually preceded by a period of anxiety symptoms, and 

mild depressive symptoms for weeks to months.
37

 The natural course of a major 

depressive episode varies, but involves remissions and relapses.
48

 Untreated episodes 

usually last for six to twelve months while treated episodes usually last for about three 

months.
37, 48

 In most patients, there is a complete remission of symptoms with time, but 

relapse occurs in about 70 percent of the patients.
37, 48

  In about 20 to 30  percent of the 

patients, some symptoms not meeting the full criteria for a major depressive episode may 

persist for years and may result in social impairment.
37

  

Although the typical age of onset is mid-20s, depression can begin at any age.
37

 

Onset of depression is typically followed by recurrence periods ranging from isolated 

episodes (separated by many years without symptoms), clusters of episodes, and 

increasing frequency of episodes as the individual gets older.
39

 More than half of 

individuals with depression with a single episode will experience a second episode.
37

 

Patients with chronic general medical conditions are at increased risk for more persistent 

episodes. Furthermore, certain medications have been observed to induce depression.
39

 

These include β-blockers, clonidine, reserpine, methyldopa, barbiturates, corticosteroids, 

and benzodiazepines. In addition, substance abuse may worsen the major depressive 

disorder.
39
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2.1.7    Treatment  

Non-pharmacologic therapy 

Although pharmacologic intervention is the mainstay of treatment in major 

depression, non-pharmacological therapies are routinely used in some patients alone or as 

adjuncts to antidepressants.
39, 49

 Non-pharmacological therapies include psychotherapy, 

somatic interventions, and lifestyle adjustments.
49

  

In mild to moderate depression, psychotherapy has been observed to be as 

effective as pharmacologic interventions.
49

 However, in severe depression 

antidepressants are more effective and are preferred over psychotherapy alone.
50

 

Nonetheless, psychotherapy is useful as add-on therapy to prevent relapses.
50

 Further, a 

combination of psychotherapy and antidepressant therapy is more effective than either 

intervention alone.
49-50

  

Forms of psychotherapy include cognitive behavioral therapy (CBT), 

interpersonal therapy, and psychoanalytic therapy.
39, 49

 Somatic interventions include 

electroconvulsive therapy (ECT), transcranial magnetic stimulation (TMS), vagal nerve 

stimulation (VNS), phototherapy, and sleep deprivation.
39, 49

 Despite a negative public 

image, electroconvulsive therapy is a safe and very effective therapeutic intervention.
49

 It 

is recommended for patients with treatment resistant depression, severe vegetative 

depression, psychotic depression, and depression in pregnancy.
39, 49

 Transcranial 

magnetic stimulation is not approved by the US Food and Drug Administration for the 
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treatment of depression, while vagal nerve stimulation is approved for the management of 

resistant depression.
39

 Phototherapy is effective in relieving symptoms associated with a 

milder form of depression attributed to seasonal variation in natural sunlight.
51

 Lifestyle 

adjustments include minimization of alcohol use, recreational drug use, and excessive 

coffee consumption, as well as modifying sleep patterns to restore physiological 

processes, eating a balanced diet, and increasing physical activity.
39, 49

  

Pharmacologic therapy 

Currently, there are more than twenty-five antidepressants approved by the Food 

and Drug Administration (FDA) for the treatment of depression.
39, 52

 They can be 

grouped into four broad categories based on their mechanisms of action: tricyclic 

antidepressants (TCAs), selective serotonin reuptake inhibitors (SSRIs), serotonin-

norepinephrine reuptake inhibitors (SNRIs), and Other antidepressants (e.g., monoamine 

oxidase inhibitors, norepinephrine-dopamine reuptake inhibitors, etc).
46

 In general, all 

antidepressants are equally effective in the treatment of depression, but differ in their 

adverse effect profiles.
49, 53

 Furthermore, all antidepressants have a four- to six-week 

delayed onset of therapeutic action.
39, 49

 Thus, the choice of an antidepressant depends on 

patient factors, co-morbid diseases, and safety regarding overdose.
49

 Table 2.1 shows a 

list of antidepressants approved by the FDA. 
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Table 2.1   Drug class, brand name, usual dosage range, and recommended 

maximum daily dosages of FDA-approved antidepressants. 

 

Antidepressant 

class and generic 

name 

Brand Name Starting 

dose 

(mg/day) 

Usual dose (mg) Maximum 

dosage 

(mg/day) 

TCAs     

   Amitriptyline  Elavil® 25 – 100 100 – 300 mg QD 300 

   Amoxapine  Asendin®  100 – 150 200 – 300 mg QD   300 

   Clomipramine  Anafranil®  50-75 100 – 225 mg QD 225 

   Desipramine  Norpramin® 25 200 mg HS 300 

   Dosulepin Prothiaden® 75 25 – 50  mg TID 300 

   Doxepin  Sinequan® 75 100 – 150 mg daily 300 

   Imipramine Tofranil® 75 50 – 150 mg daily 300 

   Nortriptyline Pamelor® 10-25 100 mg HS 150 

   Protriptyline  Vivactil® 15 15 - 40 mg QD  60 

   Trimipramine  Surmontil® 75 150 – 200 mg QD 300 

SSRIs     

   Citalopram  Celexa® 10 20 mg QD 60 

   Escitalopram  Lexapro® 10 10 mg QD 20 

   Fluoxetine  Prozac® 10 10 – 20 mg QD 80 

   Fluvoxamine  Luvox® 50 100 – 300 mg QD 300 

   Paroxetine  Paxil®  10 10 – 20 mg QD 50 

   Sertraline  Zoloft® 25 50 mg QD 200 

SNRIs     

   Desvenlafaxine Pristiq® 50 50 100 

   Duloxetine  Cymbalta® 30 60 mg QD 120 

   Venlafaxine Effexor® 25 50 mg BID 375 

   Venlafaxine Effexor XR® 37.5 150 mg QD 225 

Other     

   Bupropion  Wellbutrin®/Zyban® 200 100 mg TID 450 

   Bupropion SR Wellbutrin SR® 150 150 mg BID 400 

   Bupropion XL Wellbutrin XL® 150 300 mg QD 450 

   Isocarboxazid Marplan® 20 20 – 40 mg 60 

   Maprotiline Ludiomil®  75 75 – 150 mg QD 200 

   Mirtazapine Remeron®  15 15 – 45 mg HS 45 

   Nefazodone Serzone®
a
 200 150 – 300 mg BID 600 

   Phenelzine  Nardil®  45 45 – 60 mg QD  90 

   Selegiline Emsam® 10 15 – 30  mg BID 60 

   Tranylcypromine Parnate® 20 20 – 30 mg QD 60 

   Trazodone Desirel® 150 150 – 400 mg QD 600 
aBrand name Nefazadone (Serzone) discontinued in 2004 due to cases of hepatoxicity.54 Generic nefazadone still on the market. 
Abbreviations: BID, two times a day;  FDA, United States Food and Drug Administration; HS, at bedtime; QD, once a day; SSRI, 

selective serotonin reuptake inhibitors; SNRIs, serotonin-norepinephrine reuptake inhibitors;SR, sustained-release; TCAs, tricyclic 

antidepressant; TID, three times a day; XL, extended-release; XR, extended-release .  
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Tricyclic antidepressants 

Tricyclic antidepressants (TCAs) include amitriptyline, amoxapine, 

clomipramine, desipramine, dosulepin, doxepin, imipramine, nortriptyline, protriptyline, 

and trimipramine.
39, 46

  TCAs prevent the reuptake of serotonin, norepinephrine, and to a 

lesser degree, dopamine.
46

 They competitively block neuronal uptake of norepinephrine 

and serotonin into nerve endings, leading to an increase in neurotransmitter levels in the 

synaptic cleft.
46

  

TCAs, once the most popular class of antidepressants, have largely been 

supplanted by other antidepressants in the treatment of depression and other mood 

disorders because of intolerable adverse effects.
39, 46, 49

 In addition to their effects on 

serotonin, dopamine and norepinephrine reuptake, TCAs have antihistaminergic, 

anticholinergic, and anti-adrenergic properties.
46, 55

 The antihistaminergic effects are 

responsible for drowsiness and weight gain, while 1-blockade causes dizziness, 

decreased blood pressure and drowsiness.
46, 56

 Anticholinergic effects are responsible for 

constipation, urinary retention, blurred vision, dry mouth, and drowsiness.
46

 TCAs have 

also been associated with sexual dysfunction.
39

  

Selective serotonin reuptake inhibitors 

Selective serotonin reuptake inhibitors (SSRIs) have largely supplanted TCAs as 

first line therapy in depression.
49, 57

 They have less severe adverse effects and are better 
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tolerated than TCAs in patients with chronic co-morbid diseases.
58

 SSRIs include 

citalopram, escitalopram, fluoxetine, fluvoxamine, paroxetine, and sertraline.   

SSRIs selectively inhibit the reuptake of serotonin into the neurons, leading to an 

accumulation of serotonin in the synaptic cleft and increased serotonergic activity.
46

 Side 

effects associated with SSRIs include nausea, diarrhea, constipation, agitation, headaches, 

sexual dysfunction, dry mouth, teeth grinding, urinary retention, and suicidality.
39, 59

 

Other adverse effects include extrapyramidal effects, sleep disturbances, general body 

malaise, gastrointestinal bleeding, and intracranial bleeding.
46, 60-61

 

Serotonin-norepinephrine reuptake inhibitors 

Serotonin-norepinephrine reuptake inhibitors (SNRIs) include desvenlafaxine, 

duloxetine, and venlafaxine. Like SSRIs, SNRIs are preferred over TCAs in the treatment 

of depression and other mood disorders because of less severe adverse effects.
57, 62-63

  

They are also commonly used for the treatment of anxiety disorders, obsessive 

compulsive disorder, panic disorders, attention deficit hyperactivity disorder, chronic 

neuropathic pain, fibromyalgia, and relief of menopausal symptoms.
62, 64

 

SNRIs inhibit the reuptake of serotonin and norepinephrine.
62

 Duloxetine has a 

10-fold selectivity for serotonin while venlafaxine has a 30-fold selectivity for 

serotonin.
62

 Desvenlafaxine is a metabolite of venlafaxine. In general, SNRIs have a 

similar adverse effects profile as SSRIs.
62

 Adverse effects associated with SNRIs include 
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nausea, constipation, sexual dysfunction, increases in blood pressure, dry mouth, and 

sleep disturbances.
65

 

Others antidepressants 

Other antidepressants used in the treatment of depression include monoamine 

oxidase inhibitors (MAOIs), serotonin-2 antagonist/reuptake inhibitors (SARIs, e.g., 

nefazodone), norepinephrine-dopamine reuptake inhibitors (NDRIs, e.g., bupropion) and 

many other agents whose mechanisms of action have not been fully elucidated (e.g., 

mirtazapine).
46, 52

  

MAOIs, the oldest class of antidepressants, increase the availability of 

norepinephrine, dopamine, and serotonin at post-synaptic nerve endings by inhibiting the 

degradation enzyme monoamine oxidase.
46, 52, 66

 Rare side effects of MAOIs include 

hepatitis, heart attack, stroke, and seizures.
39, 67

 MAOIs have the potential for causing 

lethal hypertensive reactions when used together with foods that contain high levels of 

tyramine such as mature cheese, yeast extracts, and cured meats.
39

 In general, the newer 

antidepressants (e.g., SARIs, NDRIs) are better tolerated than MAOIs and TCAs.
52

  

Antidepressant augmentation 

Some patients who experience partial response to antidepressant treatment benefit 

from augmentation medications.
57

 Drugs frequently used in augmentation therapy 

include: bupropion, lithium, thyroid supplements, buspirone, atypical antipsychotics, 

modafinil, and lamotrigine.
68-73
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2.1.7    Treatment Guidelines and Algorithms 

As mentioned earlier, choice of an antidepressant agent depends mainly on patient 

factors and co-morbid diseases. The most commonly used treatment guidelines and 

algorithms for the treatment of depression are those developed by the American 

Psychiatry Association and the Texas Medication Algorithm Project (TMAP).
49, 57

 Of the 

two treatment guidelines, TMAP provides more elaborate treatment algorithms for 

depression. In patients with depression without psychotic features, TMAP recommends 

an SSRI, SNRI, bupropion, or mirtazapine as first-line therapy.
57

 The recommended 

second-line of treatment is monotherapy with an antidepressant agent from a different 

class used in the first-line. The third-line therapy is a combination of an SSRI/SNRI plus 

bupropion, or SSRI/SNRI plus mirtazapine, or an SSRI plus TCA, or TCAs plus lithium, 

or an MAOI. Beyond third-line therapy, various combinations of antidepressants, 

electroconvulsive therapy, and vagal nerve stimulation are recommended depending on 

patient factors and level of response to therapy. In patients with depression with 

psychotic features, TMAP recommends use of either an SSRI/SNRI plus an atypical 

antipsychotic or electroconvulsive therapy as first-line therapy. Second-line therapy is 

either a TCA/SNRI plus an atypical antipsychotic/typical antipsychotic, or 

electroconvulsive therapy.
57
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2.1.8    Antidepressant Utilization 

In the US, approximately one in ten adults (10.5%) is treated with antidepressant 

medications annually.
27-28, 74

 Increased awareness of depression coupled with the 

availability and commercial promotion of new antidepressant has resulted in an increase 

in antidepressant use.
30

 Among psychotropic drugs, antidepressant agents are the most 

frequently prescribed medications.
38

 In 2005, antidepressants were the most commonly 

prescribed class of medications in office-based practice, ahead of antihypertensive 

agents.
38

 In 2007, they were among the five leading therapeutic classes in terms of drug 

expenditure. In that year, antidepressants together with lipid regulators, acid pump 

inhibitors, respiratory agents, and oral antidiabetics accounted for 22 percent of drug 

spending.
30

  

According to the Medical Expenditure Panel Survey Household Component 

(MEPS-HC), there were approximately 170 million antidepressant prescription purchases 

in the United States ambulatory population in 2005.
31

 In 2007, SSRIs accounted for more 

than half of all antidepressant prescriptions.
29

 Table 2.2 shows the number of 

prescriptions of the most commonly prescribed antidepressants in the US in 2007.  
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Table 2.2   Most commonly prescribed antidepressant agents in the US in 2007  

Generic Name Brand Name Class Prescriptions (in millions) 

Sertraline Zoloft® SSRI 29.7 

Escitalopram Lexapro® SSRI 27.0 

Fluoxetine  Prozac® SSRI 22.3 

Bupropion Wellbutrin® NDRI 20.2 

Paroxetine Paxil® SSRI 18.1 

Venlafaxine Effexor® SNRI 17.2 

Citalopram Celexa® SSRI 16.2 

Trazodone Desyrel® TeCA  15.5 

Amitriptyline Elavil® TCA 13.5 

Duloxetine Cymbalta® SNRI 12.6 

Mirtazapine Remeron® NaSSA  5.1 

Nortriptyline Pamelor® TCA  3.1 

Imipramine Tofranil® TCA  1.5 
 

Adapted from: Top 200 generic drugs by units in 2007. Drug Topics. 2008;152(3B):6. 

http://www.nxtbook.com/nxtbooks/advanstar/dt021808/index.php. Accessed July 11, 2009.  

Abbreviations: NaSSA, norepinephrine and serotonin specific with alpha-2 antagonist properties; NDRI, 

norepinephrine dopamine reuptake inhibitor; TCA, tricyclic antidepressant; TeCA, tetracyclic 

antidepressant; SNRI, serotonin-norepinephrine reuptake inhibitor; SSRI, selective serotonin reuptake 

inhibitor. 
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2.1.9    Summary of Section 

Antidepressant agents are the mainstay of treatment in patients with depression. 

Because of comparable efficacy across different antidepressants, the choice of an 

antidepressant agent depends on patient factors, co-morbid disorders, and adverse effect 

profiles. To this end, selective serotonin reuptake inhibitors (SSRIs), serotonin 

norepinephrine reuptake inhibitors (SNRIs), and other newer agents (e.g., bupropion and 

mirtazapine) are now preferred over tricyclic antidepressants (TCAs) and monoamine 

oxidase inhibitors (MAOIs), which have a higher frequency of intolerable adverse 

effects. Recent reports linking antidepressants with the development of diabetes calls for 

more research to illuminate their role in increasing the risk of diabetes in patients with 

depression. In particular, the relative risk of diabetes associated with different classes of 

antidepressants will provide pertinent evidence regarding the appropriateness of each 

class in patients with diabetes or patients at risk of developing diabetes.    
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2.2    SECTION II:    GENERALIZED ANXIETY DISORDER,   OBSESSIVE COMPULSIVE       

DISORDER, AND EATING DISORDERS 

In addition to their main use in the treatment of patients with major depression, 

antidepressants are also indicated in other psychiatric disorders and chronic pain.
39

 This 

study will focus on the psychiatric indications of antidepressants. To this end, a brief 

overview of the epidemiology, etiology, classification and treatment of anxiety disorders, 

obsessive compulsive disorders, and eating disorders is provided in this section. 

2.2.1    GENERALIZED ANXIETY DISORDER  

2.2.1.1    Introduction  

Like major depressive disorders, anxiety disorders are among the most common 

mental disorders in clinical practice with an estimated lifetime prevalence of 25 percent.
75

 

The Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text 

Revision (DSM-IV-TR), classifies anxiety disorders into several categories: panic attack, 

agoraphobia, panic disorder with agoraphobia, panic disorder without agoraphobia, 

agoraphobia without history of panic disorder, specific phobia, social phobia, obsessive-

compulsive disorder, posttraumatic stress disorder, acute stress disorder, generalized 

anxiety disorder, anxiety disorder due to a general medical condition, and substance-

induced anxiety disorder. All these illnesses are characterized by anxiety and avoidance 

behavior. Because of the similarity in the general clinical presentation of these illnesses, 

modalities of treatment are largely the same. However, there are slight differences in the 
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pharmacologic treatments between most of the disorders and obsessive compulsive 

disorder.
39

 Obsessive compulsive disorder is discussed in a separate subsection (Section 

2.2.2). This section focuses on the diagnosis and treatment of generalized anxiety 

disorder.  

2.2.1.2    Epidemiology 

Generalized anxiety disorder (GAD) is one of the most frequently encountered 

anxiety disorders, with a lifetime prevalence ranging from 3.9 to 6.6 percent.
75-76

 It is 

about two times more common in women than men (6.6% in women, and 3.6% in 

men).
75

 

2.2.1.3    Etiology 

A mixture of genetic, environmental, and physiological factors are believed to be 

involved in the etiology of GAD.
37

 Physiological changes include, but are not limited to 

abnormalities in noradrenergic, serotonergic, and -aminobutyric acid (GABA) 

transmission.
39, 77

 Furthermore, patients with GAD have been observed to have low levels 

of peripheral benzodiazepine receptors (PBRs).
39

  

2.2.1.4    Classification and Clinical Characteristics 

According to the DSM-IV-TR, the essential feature of GAD is excessive anxiety 

and worry, occurring more days than not for a period of at least 6 months.
37

 Typically, 

the patient has unrealistic or excessive anxiety and worry about a number of events or 



 

 

 

 

 

 

 

28 

 

activities (e.g., school performance, finances). Other features of  GAD include: having 

difficulty controlling the worry, anxiety and worry associated with three or more of the 

following: restlessness, being easily fatigued, difficulty concentrating, irritability, muscle 

tension, or sleep disturbances.
39

 The DSM-IV-TR also specifies that the worry or anxiety 

may cause significant impairment of social and occupational functioning.
37

 

Typically, the patient worries about every day, mundane life circumstances such 

as possible job responsibilities, finances, health of family members, and household 

tasks.
37

 The patient may present with muscle tension, trembling, twitching, shaking, or 

muscle aches or soreness. Some patients may also present with somatic symptoms (e.g., 

sweating, nausea, or diarrhea). Furthermore, GAD is frequently co-morbid with other 

anxiety disorders, mood disorders, and substance abuse-related disorders.
37, 39

     

2.2.1.5    Clinical Course 

The onset of GAD is usually gradual and begins in the early twenties, and extends 

to the mid-fifties.
37, 76

 It is usually triggered by stressful life events. Typically, GAD 

presents as a chronic and recurrent disease and less than half of the patients will go into 

remission without treatment.
39

 Psychiatric disorders that frequently present with GAD 

include: depression, other anxiety disorders (social anxiety disorder, simple phobia, panic 

disorders, and obsessive-compulsive disorder), and alcohol and substance abuse. 

Furthermore, patients with GAD are at high risk of developing other mental disorders.
37

    



 

 

 

 

 

 

 

29 

 

2.2.1.6    Treatment 

Treatment of GAD involves both non-pharmacologic and pharmacologic 

therapies. Non-pharmacologic therapies include supportive psychotherapy, dynamic 

psychotherapy, cognitive therapy, relaxation training, and meditation exercises.
37

 

Pharmacologic therapy includes use of benzodiazepines, antidepressants, β-adrenergic 

receptor blockers (propranolol), and histamine-1 receptor blockers (hydroxzine, 

diphenhydramine).
39

 First-line treatment choices for GAD include benzodiazepines, 

paroxetine, duloxteine, venlafaxine, and buspirone.
78

  Drugs that have become obsolete in 

the treatment of GAD include barbiturates, meprobamate, paraldehyde, and alcohol.
39

 

Benzodiazepines  

Despite being surpassed by antidepressants as the first line of treatment, 

benzodiazepines are still widely used in the treatment of GAD, and other forms of 

anxiety disorders.
39

 In addition to their effects on anxiety, benzodiazepines are also used 

as anticonvulsants, muscle relaxants, and as sedative-hypnotics. Off-label benzodiazepine 

use includes irritable bowel syndrome, premenstrual syndrome, chemotherapy-induced 

nausea and vomiting, catatonia, tetanus, and involuntary movement disorders.
39

   

Their mechanism of action involves potentiation of GABA through binding to 

sites on the central GABA-A receptor.
39

 Benzodiazepines are generally very safe and 

well tolerated. Common side effects include sedation, general body malaise, and 

cognitive impairment. Furthermore, long-acting benzodiazepines are contraindicated in 
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the elderly and chronic use of short-acting benzodiazepines is not recommended.
79-80

 The 

main disadvantage for use of benzodiazepines is the potential for abuse and dependence. 

Although there are 35 benzodiazepine compounds marketed worldwide, only 13 are 

commercially marketed in the United States (See Table 2.3).
39
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Table 2.3   Generic name, brand name, clinical indications, usual dosage range, and recommended maximum daily dosage of  

FDA-approved benzodiazepines 

 

Generic Name Brand Name FDA-Approved Indications Usual dosage range* 

 

Recommended 

maximum dosage* 

Alprozolam  Xanax®, 

Xanax XR®, 

Niravan®  

Anxiety, anxiety associated with depression, panic 

disorder 

0.5 – 6mg/day (up to 

10 mg/day for panic 

disorder) 

2 mg/day 

Chlordiazepoxide  Librium®, 

Librax®
a
, 

Limbitrol®
b 

Anxiety, preoperative anxiety, acute alcohol 

withdrawal 

15 – 100 mg/day 40 mg/day 

Clonazepam  Klonopin®, 

Klonopin 

wafer® 

Anticonvulsant, panic disorder 0.5 – 12 mg/day 3 mg/day 

Clorazepate Tranxene®, 

Tranxene-

SD® 

Anxiety, alcohol withdrawal, anticonvulsant 15 – 60  mg/day 30 mg/day 

Diazepam  Valium® Anxiety, muscle relaxant, preoperative anxiety, 

acute alcohol withdrawal, anticonvulsant 

4 – 40  mg/day 20 mg/day 

Estazolam  ProSom® Sedative-hypnotic 1 – 2 mg/HS 1 mg HS 

Flurazepam Dalmane® Sedative-hypnotic 15 – 30 mg HS 15 mg/day 

Lorazepam  Ativan®  Anxiety, anxiety associated with depression 2 – 6 mg/day 3 mg/day 

Midazolam  Versed® Induction of sedation before surgery or short 

diagnostic or endoscopic procedures,  

NA NA 

Oxazepam  Serax® Anxiety, alcohol withdrawal 13 – 120 mg/day 60 mg/day 

Quazepam Doral® Sedative-hypnotic 7.5 – 15mg /day 7.5 mg/day 

Temazepam Restoril® Sedative-hypnotic 15 – 30 mg HS 15 mg HS 

Triazolam Halcion® Sedative-hypnotic 0.125 – 0.25 mg HS 0.125 mg HS 

Adapted from:  Koda-Kimble MA. Applied therapeutics : the clinical use of drugs. 9th ed. Philadelphia: Wolters Kluwer Health/Lippincott Williams & Wilkins; 

2009;*through 65 years of age;Key:  aCombination product containing clidinium bromide (classified as a gastrointestinal antispasmodic agent); bCombination product  

containing amitriptyline; Abbreviations:  FDA, U.S. Food and Drug Administration; HS, at bedtime; NA, not applicable.
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Antidepressant agents 

Antidepressants are now the preferred first-line treatment for many anxiety 

disorders.
39

 However, benzodiazepines have almost immediate anxiolytic effects while 

antidepressants‟ effects occur gradually over several weeks. Despite the anxiolytic effects 

of antidepressants in GAD starting within two weeks, the response to treatment is usually 

gradual and typically continues over 8-12 weeks or longer.
54, 81

 Consequently, 

benzodiazepines are still widely prescribed in combination with antidepressants during 

initiation of treatment for most anxiety disorders.
39

 Nonetheless, antidepressants have 

several advantages over benzodiazepines: they are more effective for cognitive symptoms 

such as worry; they often cover co-morbid disorders (e.g., depression and other anxiety 

disorders); and they are less likely to be abused.
39

   

Early clinical trials evaluating the effectiveness of antidepressants demonstrated 

that trazodone, doxepin, imipramine, and amitriptyline were as effective or better than 

benzodiazepine agents in the treatment of GAD.
78

 Despite their effectiveness in GAD, 

use of TCAs is limited by safety and tolerability issues, including an initial increase in 

anxiety.
78

 The best studied SSRI, paroxetine, also causes an initial increase in anxiety in 

patients with GAD, and hence therapy usually begins with low doses in the first week of 

treatment (i.e., 10 mg/day).
39

 Nevertheless, paroxetine is better tolerated than TCAs. 

Other SSRIs that have demonstrated efficacy better than placebo or equal to 

benzodiazepines in the treatment of GAD include escitalopram, citalopram, sertraline, 
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fluvoxamine, and fluoxetine.
82-83

 However, use of sertraline, fluvoxamine, and fluoxetine 

is limited to patients with co-morbid depression.
82

   

Other antidepressants that have demonstrated limited effectiveness in GAD 

include mirtazapine, and nefazodone.
54, 84

 However, brand-name nefazadone (i.e., 

Serzone®) was voluntarily withdrawn from the market in 2004 after it was linked with 

cases of severe hepatotoxicity.
54

 The generic product is still available on the market. 

Other agents used to treat generalized anxiety disorder 

Other agents used in anxiety disorders include buspirone (BuSpar®), β-adrenergic 

receptor blockers (e.g., propranolol), and histamine-1 (H1) receptor blocking agents 

(hydroxyzine, diphenhydramine).
39

 Buspirone is as effective as antidepressants and 

benzodiazepines in treating cognitive anxiety symptoms, but it has delayed onset of 

anxiolytic effects, and is not appropriate for as-needed use.
78, 85

  β-adrenergic receptor 

blockers are used to reduce physical symptoms associated with performance anxiety (e.g., 

stage fright), but are not recommended as a primary treatment option for GAD.
39

 Because 

of their sedative effects, hydroxyzine and diphenydramine are only recommended as-

needed for insomnia associated with anxiety.
39
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2.2.2    OBSESSIVE COMPULSIVE DISORDERS  

2.2.2.1    Epidemiology 

The worldwide prevalence of obsessive compulsive disorder (OCD) is estimated 

to be between 2 and 3 percent, with an overall lifetime prevalence of 2.5 percent.
37, 86

 The 

estimated one-year prevalence in adults is between 0.5 and 2.1 percent.
37

 Women have 

slightly higher overall lifetime prevalence than men, but men usually present with OCD 

at an earlier age (between ages 6 and 15 years) than women (between ages 20 and 29 

years).
37, 86-87

 

2.2.2.2    Etiology 

The etiology of OCD is unknown, but is believed to involve genetic and 

neurobiological factors.
88-92

 The most accepted hypothesis among neurobiological factors 

is the disturbance in serotonin transmission.
93

 

2.2.2.3    Classification and Clinical Characteristics 

According to the Diagnostic and Statistical Manual of Mental Disorders, Fourth 

Edition, Text Revision (DSM-IV-TR), the essential features of OCD are recurrent 

obsessions or compulsions or both, severe enough to be time consuming (more than 1 

hour), or cause marked distress, or cause significant impairment in social or occupational 

functioning.
37

 An obsession is defined as a persistent, recurrent idea, thought, impulse, or 

image that is experienced as intrusive and inappropriate, and engenders marked anxiety 
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or distress.
37

 On the other hand, a compulsion is a repetitive, purposeful behavior, or 

mental acts performed to prevent or reduce anxiety or distress. Common obsessions are 

thoughts about contamination (e.g., contamination by shaking hands), repeated doubts 

(e.g., whether a door was left unlocked), and need to have things in a particular order.
37

 

Common compulsions involve hand washing, cleaning, ordering, checking, repeating 

words silently, and repeating actions.
94

  

The behaviors are usually performed according to certain rigid rules or 

stereotypical fashion.
37

 Patients usually recognize the behavior is silly, unreasonable, or 

excessive, but they try to suppress or conceal the behaviors from friends and family 

members. Moreover, the obsessions and compulsions are unpleasant and disturbing to the 

patient, and are not associated with enjoyment.
37

        

2.2.2.4    Clinical Course 

In many patients (30-50%), OCD begins at adolescence or early adulthood.
37

 

Some patients report having mild symptoms for years before they are fully diagnosed 

with  OCD.
37

 Although women with OCD have worsening of symptoms during the 

premenstrual and postpartum periods, the symptoms of OCD generally worsen during 

stressful life events, regardless of gender.
39

 In about 10 to 15 percent of patients, there is 

a progressive deterioration of occupational and social functioning.
37, 39

 If left untreated, 

only about 20 percent of patients will experience full remission.
39

 A significant 
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proportion of patients will continue to experience  chronic intermittent mild and 

worsening of symptoms in their lifetime.
37

 

Like other anxiety disorders, OCD often presents with other psychiatric disorders, 

and about two-thirds develop major depression during their lifetime.
37, 39

 OCD is also 

associated with tic disorders (occurring in 20-30% of OCD patients), and about 5 to 7 

percent develop full Tourette‟s syndrome.
39

 

2.2.2.5    Treatment 

Like most psychiatric disorders, both psychotherapy and pharmacotherapy are the 

mainstay of treatment in patients with OCD.
39

 Drugs approved by the FDA for the 

treatment of OCD are potent inhibitors of serotonin reuptake.
39

 These include 

clomipramine (TCA), and the SSRIs: fluvoxamine, fluoxetine, paroxetine, and 

sertraline.
39

 Although clomipramine is as effective as or superior to SSRIs, SSRIs are the 

preferred first line of treatment because of a better side effect profile.
95-96

 Venlafaxine 

(SNRI) has also demonstrated effectiveness as monotherapy in OCD.
95

 Agents used as 

augmentation therapy include antipsychotic agents, pindolol, and clonazepam.
39

 Except 

for clonazepam, benzodiazepines are generally not effective in the treatment of obsessive 

compulsive disorder.
39
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2.2.3    EATING DISORDERS  

Eating disorders are characterized by severe disturbances in eating behavior.
37

 

The Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text 

Revision (DSM-IV-TR), classifies eating disorders into two main categories: anorexia 

nervosa and bulimia nervosa.
37

 The DSM-IV-TR also proposes a diagnosis category for 

binge-eating disorder. This section focuses on the diagnosis and treatment of anorexia 

nervosa and bulimia nervosa. 

2.2.3.1    Epidemiology 

About five million people in the US are thought to suffer from an eating 

disorder.
39

 The disorder affects mainly women (90-95% of cases are women), and has a 

lifetime prevalence ranging from 0.6 percent to 4.5 percent.
97

  The prevalence of anorexia 

nervosa among late adolescent and early adult females is 0.5 percent.
37, 39

 Although 

anorexia nervosa is largely present in females, it is estimated that up to 30 percent of 

preadolescent patients with anorexia nervosa are males.
37, 98

 The lifetime prevalence of 

bulimia nervosa is estimated to range from 1-4 percent.
98

   

2.2.3.2    Etiology 

Eating disorders are thought to result from a mixture of genetic, physiological 

(e.g., neurochemical imbalances), sociocultural, psychological, and environmental factors 

(sight of food, stress).
39

 Appetite and eating behaviors may be influenced by medical 

conditions, psychiatric disorders, medications, and substance abuse. The „starving‟ 
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periods between binges in bulimic patients lead to changes in the brain chemistry, 

causing appetite stimulation.
39

 The changes in the brain neurotransmitters normally 

responsible for turning off the appetite may fail to work when the starving person begins 

to eat, leading to excessive consumption of food.
98

 Patients usually have a distorted 

perception of hunger and satiety.  In anorexia nervosa, the disturbance in the 

neurotransmitter, neuropeptide, and hormonal balance are as a result of malnutrition and 

weight loss.
39

 Reduced serotonergic activity, increased dopaminergic activity, increased 

noradrenergic activity, and neuropeptide and leptin dysregulation, are all associated with 

eating disorders.
39

         

2.2.3.4    Classification and Clinical Characteristics 

Anorexia nervosa 

The essential features of anorexia nervosa are that the individual refuses to 

maintain a minimal normal body weight, is intensely afraid of gaining weight, has a 

distorted perception of body shape or size.
37

 The preoccupation with weight and thinness 

often becomes pathological and detrimental to the person‟s health leading to deficiencies 

in vitamins, minerals, and electrolytes.
39

 In addition, the patient loses control over eating. 

Anorexia nervosa is also defined quantitatively by a body mass index (BMI) of 

17.5kg/m
2
 or less.

98
 To achieve weight loss, individuals with anorexia either reduce total 

food intake (restriction), or engage in binge-eating/purging (misuse of laxatives, 

diuretics, or self-induced vomiting).
37, 39

 Patients often present with the following co-
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morbid conditions: poor self esteem, mood disorders, anxiety disorders, substance abuse, 

and personality disorders.
37, 98-99

 

Bulimia nervosa 

The DSM-IV-TR defines bulimia nervosa as engaging in binge eating 

accompanied by recurrent inappropriate compensatory behaviors with a goal to prevent 

weight gain.
37

 Methods used to prevent weight gain after binge eating often include: self-

induced vomiting; misuse of laxatives, diuretics, or enemas; fasting; excessive exercise; 

or taking appetite suppressants.
39, 99

 Futhermore, the DSM-IV-TR specifies that an 

individual  can be diagnosed as having bulimia nervosa if the disturbance does not occur 

exclusively during episodes of anorexia nervosa.
37

 Patients often present with the 

following co-morbid conditions: obesity, compulsive behaviors (e.g., compulsive buying, 

kleptomania), poor self esteem, mood disorders, anxiety disorders, substance abuse, and 

personality disorders.
37, 97-99

 

2.2.3.5    Clinical Course 

Anorexia nervosa typically begins between the ages of 14-18 years.
37

 A stressful 

event, or a major change in life such as leaving home for college may trigger the onset of 

the illness.
39

 Anorexia usually begins with excessive food deprivation combined with 

strenuous physical activity. The course of anorexia nervosa varies; some individuals 

recover fully after a single episode, some experience a fluctuating pattern, while the 

disorder deteriorates with time in other patients.
39, 97

 Most patients develop binge eating 
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after five years, which may progress to bulimia.
37

 About 30 to 50 percent of patients with 

anorexia nervosa develop bulimic symptoms during the course of their illness.
37, 39

 

Patients requiring hospitalization have high rates of mortality (approximately 10%) as a 

result of starvation, suicide, or electrolyte imbalance.
39

 

Unlike anorexia nervosa, bulimia nervosa typically begins in late adolescence or 

early adulthood. The binge eating is usually triggered by a period of dieting, and typically 

persists for several years in most patients. The course may be chronic or intermittent, and 

symptoms decrease over long-term follow-up.
37

   

2.2.3.6    Treatment 

Anorexia nervosa 

Treatment for anorexia nervosa includes a combination of the following 

interventions: education about the disorder, exercise, nutritional counseling, modification 

of eating behaviors, psychotherapy, and drug therapy.
39

 Drug therapy is complicated by 

malnourishment in patients, which may increase the potential for side effects of 

medications. For example, antidepressants increase the risk for dehydration, hypotension, 

and seizures.
39

  

Clinical trials of drug therapy have been disappointing thus far. Drug therapy 

trials in anorexic patients have largely focused on antidepressants, antipsychotic agents, 

and benzodiazepines. Of these, SSRIs are the most promising, although only in weight-

restored patients.
98

 SSRIs are better tolerated than other antidepressants and are 
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considered the safest in anorexic patients. However, antidepressants are generally 

reserved for patients with depressive symptoms, anxiety disorders, or obsessive 

compulsive behaviors. Benzodiazepines may be useful as adjunct therapy in patients with 

anorexia when given before feeding to reduce anxiety symptoms.
39

  

There is limited research on SNRIs (duloxetine and venlafaxine), typical 

antipsychotics, mood stabilizers, and anticonvulsants. Bupropion is condraindicated in 

anorexic patients because of the potential to cause sezures.
98

 Atypical antipsychotics with 

serotonin antagonist effects are also contraindicated as they may worsen the obsessive 

compulsive disorder, worsen binge eating, and cause weight gain.
39

 Other drugs that have 

been used with limited success include cyproheptadine, lithium, and metoclopramide.
48

 

    Bulimia nervosa 

In patients with bulimia nervosa, psychotherapy often needs to be augmented with 

pharmacotherapy to reduce remission rates. Antidepressants are the drugs of choice in 

patients with bulimia nervosa.
39

 Unlike, anorexic patients, patients with bulimia nervosa 

do not have to be clinically depressed to benefit from antidepressant therapy.
39

   

Clinical trials have demonstrated that antidepressants are effective in reducing 

binge-eating and vomiting episodes.
100-101

 Serotonin-augmenting agents (e.g., fluoxetine, 

fluvoxamine, paroxetine, sertraline, citalopram, escitalopram, and venlafaxine) are the 

preferred agents. However, higher doses are required in the treatment of bulimia nervosa 

(e.g., fluoxetine 60 mg/day may be required compared to the standard dose of 20 
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mg/day).
39

 Better treatment outcomes are associated with therapy extending beyond six 

months, and some patients may require long-term prophylactic antidepressant therapy.
100

 

Use of TCAs and MAOIs is limited by adverse effects. Topiramate (an anticonvulsant), 

has also been shown to be effective in decreasing binge-eating episodes.
98

 Because of the 

potential to cause seizures, bupropion is not recommended in the treatment of bulimia 

nervosa.
39
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2.2.4    SUMMARY OF SECTION 

In addition to their main use in the treatment of patients with depression, 

antidepressants are used in the treatment of other psychiatric disorders: anxiety disorders, 

obsessive compulsive disorder, and eating disorders. Although not reviewed in this 

section, antidepressants are also used in the treatment of chronic pain and dysmenorrhea.  

Their wide spectrum of clinical indication means that they are used in varying doses, 

including higher doses in some diseases. This could result in an increase in the frequency 

and severity of some adverse effects. If recent reports of an association between the use 

of antidepressants and the development of diabetes are confirmed, a large number of 

patients could be at increased risk of developing diabetes. Given their extensive use, a 

small increase in the risk of diabetes could translate to a large number of patients 

developing diabetes. It is therefore imperative to conduct more research that will shed 

light on the nature of the relationship between the use of antidepressants and the 

development of diabetes. Furthermore, given that antidepressants are commonly used in 

patients with similar clinical profiles as patients treated with benzodiazepines, and that 

benzodiazepines have not been shown to be associated with development of diabetes, 

patients on benzodiazepines could be an appropriate control group in evaluating the 

association between use of antidepressants and the development of diabetes.  
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2.3     SECTION III:    WEIGHT GAIN AND GLUCOSE DYSREGULATION ASSOCIATED 

WITH ANTIDEPRESSANT AGENTS 

Antidepressant agents have been associated with weight gain and glucose 

dysregulation. Although the mechanism by which they could cause glucose dysregulation 

has not been fully elucidated, weight gain associated with antidepressants could lead to 

obesity which increases the risk for diabetes. Moreover, significant weight gain may lead 

to metabolic syndrome which is associated with significant morbidity and mortality. 

More importantly, glucose dysregulation could lead to development of diabetes mellitus.  

To this end, this section provides a brief discussion of the association between 

antidepressants and weight gain followed by a detailed discussion of the association 

between antidepressants and glucose dysregulation.  

2.3.1    WEIGHT GAIN 

Definition of significant weight gain 

Numerous studies have evaluated the association between antidepressants and 

significant weight gain. However, the definition of significant weight change varies in 

different studies. Some studies have considered an average change in weight of 5 

percent or 5 kg (1 kg = 2.2 lbs) to be significant.
102

 More recently, many studies have 

defined a significant weight change as a change in weight of 7 percent.
103-104

 The studies 

included in this subsection used both definitions of significant weight change. 
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2.3.1.1    Mechanism of Antidepressant-Induced Weight Gain 

The exact mechanism of weight gain associated with antidepressants has not been 

fully elucidated. However, it is postulated that weight gain is a result of improved eating 

habits as symptoms of depression diminish.
105

 This hypothesis does not, however, fully 

account for differences in the magnitude of weight gain associated with different 

antidepressant agents. This disparity suggests the involvement of a neurobiological 

pathway in the mechanism of weight gain. Therefore, antidepressants are also thought to 

independently increase weight by increasing appetite and inducing a craving for 

carbohydrates.
105-106

 

A wide variety of regulatory substances, alone or in combination, are involved in 

the regulation of appetite behavior. These include: neurotransmitters such as 

norepinephrine, dopamine, serotonin and histamine; neuropeptides such as neuropeptide 

Y (NPY), corticotrophin releasing factor, cholecystokinin; and opioids and hormone-like 

peptides such as enterostatin, bombesin, amylin, and leptin.
107

 In this regard, in addition 

to increased craving for carbohydrates observed in several studies, the increase in weight 

associated with antidepressants is also postulated to result from blockade of cholinergic, 

histamine-1, and alpha adrenergic receptors. In particular, the anticholinergic properties 

which lead to dry mouth could result in excessive consumption of high calorie 

beverages.
108
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2.3.1.2    Antidepressants and Weight Gain 

Tricyclic antidepressants 

The association between tricyclic antidepressants (TCAs) and weight gain is well 

established.
109-110

 Amitriptyline, imipramine, nortriptyline, clomipramine, and 

desipramine have been studied extensively with regard to weigh gain. Of these, 

amitriptyline has been the most commonly studied.
105

 In a study of 51 women 

successfully treated with amitriptyline, Paykel et al. observed significant weight gain 

during the first three months (acute phase) and over the six months treatment 

maintenance period (continuation phase) compared to the control group.
109

 The average 

weight gain in the first three months was 4.6 kg. During the six-month treatment period, 

the majority of patients (87%) reported an increase in craving for carbohydrates including 

sweet substances such as chocolates, cake, pastry, and ice-cream. The increase in the 

craving for carbohydrates was significantly correlated with weight gain (r=0.59; p<0.05). 

The significance of weight gain in the study can be contextualized by examples of 

patients who experienced weight gain during treatment, and experienced weight loss 

when treatment was discontinued. For example, one patient who started treatment with a 

weight of 63 kg, 6 kg below her normal weight, gained 39 lbs (18 kg) in the next four 

months of treatment, and lost 5 kg within a year after she stopped treatment.
109

  In 

another study by Kupfer et al., a significant increase in weight gain of 4.5 lbs (2.1 kg) 

was observed in 47 patients with depressive symptoms treated with amitriptyline over a 
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35-day period.
110

 This study also observed an increase in carbohydrate cravings, although 

the increase in the cravings was not correlated with changes in weight.   

Fernstrom et al. conducted a weight-monitoring trial in 52 persons with 

depression receiving imipramine over a 16-week period.
111

  In that study, 31 percent of 

the participants gained 6 to 15 lbs (2.7 – 6.8 kg) of weight or more during treatment.  A 

significant increase in the craving for carbohydrates has also been reported in patients 

taking imipramine. In a prospective double-blind study by Yeragani et al., patients who 

experienced craving for carbohydrates while on imipramine did not experience 

carbohydrate craving when they were switched to desipramine.
108

 Compared to 

imipramine and amitriptyline, nortriptyline is associated with less potential to increase 

weight. Although 55 percent of subjects participating in a 30-week trial of nortriptyline 

gained weight, only 17 percent gained clinically significant (greater than 10 lbs) amount 

of weight.
112

 Of the extensively studied TCAs with regard to weight changes, 

desipramine has been noted to cause a minimal increase or no alterations in weight when 

compared to placebo.
113

 

Selective serotonin reuptake inhibitors 

SSRIs have been associated with minimal weight loss or modest weight gain and 

a decrease in appetite.
114-117

 Of the SSRIs, fluoxetine, citalopram, sertraline, and 

paroxetine have extensively been studied with regard to weight changes. Most studies of 

fluoxetine have reported a decrease in weight rather than weight gain. In a study of 18 
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patients randomized to fluoxetine or imipramine over three months, fluoxetine was 

associated with a significant decrease in body mass index (BMI) (-0.5 kg/m
2
) compared 

to imipramine (+1.0 kg/m
2
).

115
 In another study of 832 patients, fluoxetine was associated 

with an average weight loss of 0.35 kg.
118

 Further, another study reported that infants of 

mothers who took fluoxetine during breastfeeding had reduced growth compared to those 

of mothers not exposed to fluoxetine.
119

  In contrast, other studies have reported modest 

increases in weight associated with fluoxetine use. Beasley et al., reported that patients 

randomized to fluoxetine had a significant gain in weight of 2.5 kg compared to placebo 

over 38 weeks of treatment.
120

 In yet another study, fluoxetine was  associated with a 

significant increase in weight gain compared to placebo.
104

   

Citalopram and sertraline have been associated with minimal changes in weight. 

In a placebo-controlled trial of more than 1,000 patients randomized to citalopram or 

placebo, citalopram was associated with a significant weight loss of 0.5 kg in short-term 

treatment (i.e., 3 months) compared with 0.2 kg weight gain in the placebo group.
121

 

However, after one year of treatment, citalopram was associated with a mean increase in 

weight of about 1.5 kg. In a study comparing fluoxetine with sertraline and paroxetine, 

sertraline was also associated with a small increase in weight (1.0% weight gain) after 26 

to 32 weeks of treatment while fluoxetine was associated with a small decrease in weight 

(-0.2 %) .
103

   

In contrast to fluoxetine, sertraline, and citalopram, paroxetine has been observed 

to be associated with significant weight gain. In a randomized double-blind trial of 92 
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patients, paroxetine was associated with a significant increase in weight compared with 

the baseline (3.6%).
103

 The increase in weight was also significant when compared to the 

weight changes observed with fluoxetine and sertraline.
103

 In that study, a significant 

proportion of patients on paroxetine (25.5%) had a weight gain of seven percent or 

greater compared to fluoxetine (6.8%) and sertraline (5.2%).
103

  

Serotonin-norepinephrine reuptake inhibitors 

Like SSRIs, SNRIs are less likely to cause weight gain than TCAs. In fact, 

venlafaxine and desvenlafaxine have been associated with weight loss while duloxetine 

has been associated with both weight loss and modest increases in weight. In a 

randomized controlled trial of 247 patients with depression treated with desvenlafaxine 

over eight weeks, desvenlafaxine was associated with a significant weight loss (- 0.74 kg) 

from baseline.
122

 The weight loss was also significant when compared to the placebo 

group (+0.36 kg). Kraus et al. conducted a study in 20 patients with depression 

randomized to either venlafaxine or mirtazapine over a four-week treatment period.
123

 In 

that study, venlafaxine was associated with a significant weight loss (-0.4 kg) while 

mirtazapine was associated with a significant weight gain (+2.4 kg).  

Most studies involving duloxetine have reported a significant weight loss in the 

short-term treatment period and a modest increase in weight in the longer-term treatment 

period. In a study of 95 patients with depression, patients prescribed duloxetine were not 

associated with a significant change in weight during an 8-week acute phase treatment 
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period.
124

 In the same study, during a six-month continuation phase, patients on 

duloxetine experienced a significant weight gain (+1.4 kg) compared to baseline.   

However, a recent analysis of 10 clinical studies revealed that duloxetine is associated 

with a significant weight loss during short-term treatment which is followed by a non-

significant weight gain during the longer treatment period.
125

 In this analysis of placebo-

controlled trials, duloxetine was associated with an average weight loss of -0.5 kg during 

the acute phase of treatment compared to an average weight gain of +0.2 kg in the 

placebo group (p<0.001). However, during long-term treatment (34 weeks) phase, 

patients treated with duloxetine (40 mg two times a day) had a non-significant weight 

gain compared to placebo (+0.7 kg vs +0.1 kg). A significant weight gain (+0.9 kg) was 

only observed in patients receiving higher doses of duloxetine (i.e., 60 mg two times a 

day). Therefore, the effects of duloxetine on weight may not  be clinically significant for 

most patients.
125

  

Monoamine oxidase inhibitors 

Monoamine oxidase inhibitors (MAOIs) are less likely than TCAs, but more 

likely than SSRIs and SNRIs to cause weight gain.
102

 Phenelzine, tranylcypromine, and 

isocarboxazid have varied effects on body weight. Several studies have reported a 

significant increase in weight during treatment with phenelzine. In one study, treatment 

with phenelzine for one year was associated with an increase in weight of up to 30 lbs 

(i.e., 13.6 kg).
126

 The significant increase in weight associated with phenelzine has been 
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postulated to be caused by a corresponding increase in carbohydrate craving and 

peripheral edema resulting from fluid retention.
127-128

 On the other hand, tranylcypromine 

has not been observed to cause weight gain. In fact, in one study, patients who switched 

from phenelzine to tranylcypromine experienced a decrease in appetite, carbohydrate 

craving, and weight.
129

 Studies evaluating the effect of isocarboxazid on weight and 

appetite have reported conflicting results. In some studies, isocarboxazid was associated 

with a loss in appetite and a weight loss of about 6 lbs (i.e., 2.7 kg) during four weeks of 

treatment.
127, 130

 However, another study reported a 2.8 percent increase in weight, and an 

increase in appetite and carbohydrate craving over six weeks of treatment.
131

 Therefore, 

isocarboxazid may also be associated with a modest increase in weight.  

Other antidepressants 

The association between mirtazapine and weight gain is well established.
102

 

Mirtazapine is sometimes used in some patients to address weight loss accompanying 

depressive symptoms.
132

 It is associated with weight gain in about 10 percent of 

patients.
132

 On average, a  weight gain of 2.0 kg accompanied by an increase in appetite 

and dry mouth has been observed in many studies.
133

 A correlation between the 

magnitude of weight gain and an increase in appetite has also been demonstrated.
102

 

Laimer et al. compared the effect of mirtazapine on weight between seven women with 

depression and seven physically and mentally healthy female volunteers over a six-week 
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period. In that study, mirtazapine was associated with a significant weight gain (+3.0 kg) 

compared to the control (-0.7 kg).
134

  

In contrast to mirtazapine, bupropion has been noted to cause weight loss in 

depressed patients and is recommended in patients who may need to lose weight.
102

 In a 

recent randomized, double-blind, placebo-controlled trial of overweight and obese adult 

women, bupropion was associated with a 6.2 percent weight loss compared to a 1.2 

percent weight loss in the placebo group (p=0.0002) after eight weeks of treatment.
135

 In 

the same study, bupropion was associated with a 12.9 percent decrease in weight over 24 

months. In another randomized double-blind trial of 423 patients over 44 weeks, 

bupropion was associated with a significant weight loss of 2.4 kg in patients with a body 

mass index (BMI) of 30.
136

  

In an analysis of six clinical trials comparing nefazodone with SSRIs (i.e., 

fluoxetine, sertraline, and paroxetine) and imipramine, a significantly lower proportion of 

patients treated with nefazodone (1.7%) than SSRIs (4.3%) experienced 7 percent 

weight loss during acute phases (6-8 weeks) of treatment.
137

  In long-term phases (16-46 

weeks) of treatment, a significantly lower proportion of patients on nefazodone (8.3%) 

than SSRIs (17.9%) gained at least seven percent of weight. Likewise, in trials involving 

nefazodone and imipramine, nefazodone was associated with significantly lower weight 

gain during acute and long-term phases of treatment.
137

 Although some studies have 

reported a small decrease in weight, an analysis of several randomized trials revealed that 

trazodone is associated with a minimal increase in weight (+0.5 kg).
102
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Table 2.4 provides a summary of the relative risk of weight gain associated with 

various antidepressant agents. 

 

Table 2.4   Relative weight changes associated with use of various antidepressant  

agents 

 

Antidepressant 

class 

Significant 

weight gain 

Moderate 

weight gain 

Minimal or no 

change in weight 

Significant 

weight loss 

TCAs Amitriptyline 

Clomipramine  

Doxepin 

Imipramine 

Nortriptyline 

 

Amoxapine 

Desipramine  

Protriptyline  

Trimipramine 

 

-  

 

 

 

SSRIs Paroxetine  -  Citalopram 

Escitalopram 

Fluoxetine 

Sertraline 

 

Fluvoxamine 

SNRIs -  -  Desvenlafaxine 

Duloxetine  

Venlafaxine 

-  

 

 

 

MAOIs Phenelzine  -  Isocarboxazid 

Tranylcypromine 

-  

 

 

Other Mirtazapine Maprotiline Trazodone 

 

Bupropion 

Nefazodone  

 
Adapted from: Brady KT. Weight gain associated with psychotropic drugs. South Med J. May 

1989;82(5):611-617. 

 Abbreviations: MAOIs, monoamine oxidase inhibitors; SNRIs, serotonin-norepinephrine reuptake 

inhibitors; SSRIs, selective serotonin reuptake inhibitors;  TCAs, tricyclic antidepressants. 
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 2.3.1.3    Weight Gain Associated With Other Psychotropic Medications 

Besides antidepressant agents, several psychotropic drugs have also been linked 

with weight gain and glucose dysregulation.  The association between typical 

antipsychotic agents and weight gain is well established.
102, 105

 In one study, patients 

treated with chlorpromazine were associated with an average weight gain of 4 kg 

accompanied by a significant increase in appetite during three months of therapy.
138

 More 

recently, atypical antipsychotics have also been linked with significant changes in weight. 

In particular, clozapine and olanzapine have been strongly linked with increases in 

weight. In one study, patients on clozapine gained an average of 18 kg of weight, while in 

another study, olanzapine was associated with a significant mean weight gain of 12 kg.
102, 

105
 Similarly, lithium has also been linked with extensive weight gain in long-term use. In 

one study, patients treated with lithium for two to six years were associated with a mean 

weight gain of 10 kg.
102

  

Significant weight gain has also been associated with anticonvulsant agents. 

Valproate has been linked with increases in weight of up to 14 kg.
102

 However, 

carbamazepine is associated with minimal changes in weight. In contrast to valproate and 

carbamzepine, topiramate has been associated with weight losses on average ranging 

from 8 to 11 kg.
102

 In general, except for alprazolam which has been associated with an 

increase in appetite in some patients, benzodiazepines have been observed to have no 

effect on weight during both short-term and long-term phases of treatment.
102
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2.3.1.4    Summary of Studies Linking Antidepressants and Weight Gain  

Weight gain is a potential problem in patients taking antidepressant agents. 

However, the magnitude of weight gain appears to be greatest with TCAs and MAOIs, 

while SSRIs and SNRIs appear to have minimal or no effect. In particular, significant 

weight gain has been most commonly reported with amitriptyline, clomipramine, 

paroxetine, and mirtazapine. In contrast, bupropion, fluvoxamine, and nefazodone have 

been associated with weight loss. Nevertheless, the weight gain reported in several 

studies of antidepressants has serious implications given that obesity is a risk factor for 

serious cardiovascular diseases and diabetes. Although it is not yet clear if weight gain 

mediates the relationship between antidepressants and the development of diabetes, the 

weight gain associated with antidepressants should be taken into consideration when 

deciding which antidepressant agent may be appropriate in patients at high risk for 

diabetes. 
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2.3.2    GLUCOSE DYSREGULATION 

Use of antidepressants has been associated with glucose dysregulation including 

both hyperglycemia and hypoglycemia. Furthermore, the disturbances in glucose 

regulation could lead to the development of diabetes in some patients taking 

antidepressant agents. In this regard, this subsection provides a detailed discussion of the 

literature linking the use of antidepressant agents with glucose dysregulation and 

development of diabetes. Specifically, case reports, adverse drug event reports, 

prevalence studies, observational studies, clinical studies, and randomized controlled 

trials reports examining the potential causal association between antidepressants and 

diabetes are discussed in great detail. 

2.3.2.1    Mechanism of Glucose Dysregulation 

The involvement of serotonin in glucose regulation is well established.
139-141

 

Drugs which are agonists at the central serotonin receptors (i.e., 5-HT2A and 5-HT2B) 

have been demonstrated to induce hyperglycemia.
140-141

 Therefore, antidepressants that 

act by enhancing serotonergic transmission could modify glucose regulation. In this 

regard, animal studies have demonstrated that antidepressants can induce hyperglycemia 

in rats and mice.
8, 142-145

 In particular, fluoxetine, sertraline, paroxetine, fluvoxamine, and 

nortriptyline have all been shown to induce hyperglycemia without changing insulin 

levels. However, maprotiline, a selective norepinephrine reuptake inhibitor, did not have 
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an effect on glucose levels.
145

 This has led to the suggestion that the hyperglycemic 

effects noted with antidepressants may be exclusively mediated by serotonin.
145

   

It has also been postulated that antidepressants induce hyperglycemia through 

inhibition of insulin signaling cascade leading to insulin resistance.
8, 145

 However, insulin 

changes have mainly been noted with TCAs (e.g., nortriptyline) and not with SSRIs (e.g., 

fluoxetine, sertraline, and fluvoxamine).
144-145

 Thus, it could be hypothesized that TCAs 

and SSRIs may cause hyperglycemia through different pathways.
144-145

 Therefore, 

because of their predominant noradrenergic effects, TCAs may increase gluconeogenesis 

and glycogenesis leading to hyperglycemia.
146

 Furthermore, the extent of glucose 

dysregulation caused by TCAs and SSRIs could also be different.  

The third mechanism by which antidepressants are thought to cause 

hyperglycemia involves the hypothalamo-pituitary-adrenal (HPA) axis. Antidepressants 

have been shown to induce elevation of cortisol in non-diabetic humans.
147

 

Hypercortisolaemia is known to cause insulin resistance and thus lead to hyperglycemia. 

Therefore, antidepressants could cause hyperglycemia by increasing levels of cortisol 

which directly acts on pancreatic β-cells.
148

  

2.3.2.2    Case Reports 

A total of 20 case reports on glucose dysregulation following antidepressant 

therapy were obtained in the literature. One case report of hyperglycemia and 

ketoacidosis after treatment with venlafaxine was excluded because the patient was also 
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taking olanzapine and valproic acid, both of which are linked to hyperglycemia.
149

 

Another case report of hypoglycemia was excluded because the patient received high 

doses of sertraline concurrently with glyburide and risperidone.
150

 Lastly, one case report 

of hypoglycemia was excluded because the patient had taken an overdose of 

venlafaxine.
151

  

A total of 17 case reports published in 16 articles met the inclusion criteria and 

were included in this review. Table 2.5 and Appendix A provide a summary and detailed 

description of the case reports, respectively. The reports involved 12 different 

antidepressant agents: imipramine (n=2); clomipramine (n=1); doxepin (n=1); 

nortriptyline (n=1); fluoxetine (n=1); paroxetine (n=1); fluvoxamine (n=1); sertraline 

(n=2); nefazodone (n=1); mianserin (n=1); maprotiline (n=2); and mirtazapine (n=3).    
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Table 2.5   Summary of Case Reports of hyperglycemia and hypoglycemia associated with antidepressant agents 

Case Reference Year  Event  Medication 

(daily dose) 

Patient 

Gender 

Patient 

Age 

Patient Diabetes 

status and history 

Time to 

onset 

Max or lowest 

blood glucose 

level (mg/dl)  

1 Shrivastava and 

Edwards152 

1983 Hypoglycemia Imipramine  

200 mg 

Male 50 No 6 days 57 

2 True et al.153 1987 Hypoglycemia  Doxepin  

75 mg 

Female 71 Type 2 diabetes 11 days 32 

3 True et al.153 1987 Hypoglycemia  Nortriptyline  

 125 mg 

Female  59 Type 2 diabetes 4 days 50 

4 Marley and Rohan154 1993 Hyperglycemia Mianserin 

65 mg 

Female  44 No Not 

specified 

177 

5 Zogno et al.155 1994 Hypoglycemia  Maprotiline 

50 mg 

Female  75 Type 2 diabetes 6 days 75 

6 Deeg and Lipkin156 1996 Hypoglycemia Fluoxetine  
20 mg 

Male 53 Type 2 diabetes  4 months 43 

7 Petty157 1996 Hyperglycemia  Paroxetine 

10 mg 

Female 24 No 3 weeks  

345 

8 Warnock158 1997 Hypoglycemia Nefazodone  
 200mg 

Female 54 Type 2 diabetes 1 week 41 

9 Isotani and Kameoka159 1999 Hypoglycemia Maprotiline  

30 mg 

Female 39 Type 1 diabetes 10 days 65 

10 Pollak et al.160 2001 Hypoglycemia Sertraline 
50 mg 

Female 82 No 25 days 32 

11 Oswald et al.148 2002 Hyperglycemia Fluvoxamine  

100 mg 

Female 60 Type 2 diabetes 5 days 210 

12 Fisfalen and Hsiung161 2003 Hyperglycemia  Mirtazapine 
15 mg 

Female 32 Type 2 diabetes 5 months 1,042 

13 Chen et al.162 2003 Hyperglycemia 

Ketoacidosis 

Mirtazapine 

45 mg 

Female 44 No 2 months 404 

14 Sansone et al.163 2003 Hyperglycemia  Sertraline 
 50 mg 

Female 54 Type 2 diabetes 2 months 180 

15 Derijks et al.164 2005 Hyperglycemia Imipramine 

50 mg 

Female 62 Type 2 diabetes 1 month Not reported 

16 Mumoli and Cei165 2008 Hyperglycemia Clomipramine  
25 mg 

Female 84 No 5 months 459 

17 Chen and Lopes166 2008 Hyperglycemia  Mirtazapine  

30mg 

Male 37 No 1 month 420 
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Although the first case report was published in 1983, the majority of the case 

reports were published in the past 15 years indicating a surge in awareness of a possible 

association between antidepressant agents and glucose regulation disturbances. Out of the 

17 cases reports, nine were of hyperglycemia while eight were of hypoglycemia. One 

patient who presented with hyperglycemia also presented with diabetic ketoacidosis and 

pancreatitis.
162

 Hyperglycemia was reported following treatment with mianserin (n=1), 

paroxetine (n=1), fluvoxamine (n=1), clomipramine (n=1), imipramine (n=1), sertraline 

(n=1), and mirtazapine (n=3). On the other hand, hypoglycemia was reported following 

treatment with imipramine (n=1), doxepine (n=1); nortriptyline (n=1); fluoxetine (n=1), 

nefazodone (n=1), maprotiline (n=2), and sertraline (n=1).  

There was a temporal relationship in all the case reports between use of 

antidepressant agents and glucose dysregulation. In addition, blood glucose levels were 

normalized or returned to stable levels after the antidepressant agent was discontinued 

and re-challenging was associated with further deterioration of glucose regulation. A 

dose-response relationship was observed in some patients in whom reducing the dose of 

the antidepressant agent was accompanied by a corresponding improvement in glucose 

levels while an increase in the dose was followed by deterioration in the glucose 

control.
154-155, 164

  

Furthermore, in three of the case reports, hypoglycemia was as a result of 

interactions between antidepressant agents and oral antidiabetic medications.
153

 In one 

patient who experienced hypoglycemia within 11 days of taking doxepin 75 mg/day, 

blood glucose levels stabilized when the dose of tolazamide was reduced from 1 g/day to 
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100 mg/day (i.e., 90 % reduction in the oral antidiabetic dose).
153

 In addition, in a patient 

who presented with a blood glucose level of 50 mg/dl after four days of receiving 

nortriptyline 125 mg/day, hypoglycemia was resolved after discontinuing chlorpropamide 

and the patient was discharged with a stable blood glucose level of 90 – 120 mg/dl.
153

  In 

addition, another patient presented with a blood glucose level of 75 mg/dl within 6 days 

of therapy with maprotiline while also receiving four tablets a day of the combination 

drug glyburide 2.5 mg/phenformin 25 mg.
155

 In this patient, hypoglycemia was resolved 

when the dose of maprotiline was reduced from 50 mg/day to 25 mg/day and the 

antidiabetic medication was reduced from four tablets to two tablets a day. The patient 

was discharged with a blood glucose level of 188 mg/dl.
155

    

The time to onset of glucose dysregulation ranged from four days to five months 

after initiation of antidepressant therapy. However, longer times of onset were associated 

with severe effects on glucose levels indicating the progressive effects of antidepressant 

agents on glucose control.
156, 161-162, 165

 Fourteen out of the seventeen patients were female 

while ten had a history of diabetes mellitus. The ages of the patients ranged from 24 to 84 

years indicating that the glucose dysregulation effects of antidepressant agents cut across 

all adult age groups.  

Weight changes were reported in five of the seventeen cases. Mirtazapine, which 

caused significant elevation of plasma glucose levels, was also accompanied with a 

significant weight gain of 16 kg over five months of treatment in one case report.
161

 On 

the other hand, significant weight loss was reported with nefazodone, paroxetine, and 

fluoxetine. In one patient who presented with hypoglycemia, use of nefazodone was 
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accompanied by a weight loss of 2.3 kg after one week of treatment.
158

 Similarly, 

fluoxetine caused hypoglycemia accompanied by a weight loss of 13 kg over 4 months of 

treatment.
156

 In contrast, use of paroxetine resulted in a weight loss of 9 kg after three 

weeks of therapy but was accompanied by hyperglycemia.
157

  Similarly, sertraline was 

associated with a weight loss of 1.8 kg after two months in a patient that who experienced 

hyperglycemia.
163

   

Given the established association between mirtazapine and significant weight 

gain, it was not surprising that mirtazapine (n=3) had the highest number of case reports 

of hyperglycemia in literature. Hyperglycemia, and subsequently diabetes mellitus, could 

develop as a result of the weight gain caused by mirtazapine as obesity is a major risk 

factor diabetes mellitus. Although only three reports were made in the last three decades, 

use of mirtazapine appears to be significantly associated with the propensity to cause 

hyperglycemia and diabetes mellitus.
161-162, 166

 In all the three case reports, mirtazapine 

was associated with severe hyperglycemia with plasma glucose levels ranging from 404 

to 1,042 mg/dl. On the other hand, the hypoglycemia noted with maprotiline is not 

consistent with an increase in weight gain observed in other studies.
155, 159, 167

 

Overall, the evidence from the published case reports is inconclusive regarding 

the diabetogenic potential of both TCAs and SSRIs. The propensity to cause 

hyperglycemia or hypoglycemia appears to be dependent on the pharmacological 

properties of the individual antidepressant agents, rather than a class effect. Despite this, 

the risk for hyperglycemia could be higher with TCAs than SSRIs given their propensity 

to cause significant weight gain. Nonetheless, both SSRIs and TCAs could be associated 
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with an increase in the risk of hyperglycemia which needs to be taken into consideration 

when choosing antidepressant agents in patients who are at high risk for developing 

diabetes mellitus. Specifically, use of paroxetine, fluvoxamine, and clomipramine should 

be monitored for their potential effects on glucose regulation.
148, 157, 165

 Furthermore, the 

hypoglycemic potential of imipramine, doxepin, nortriptyline, fluoxetine, nefazodone, 

maprotiline, and sertraline is of clinical significance, especially in patients with diabetes 

mellitus as they could lead to a diabetic coma. In particular, the potentiation of 

hypoglycemic effects of oral antidiabetic drugs by nortriptyline, doxepin and maprotiline 

calls for careful monitoring of glucose levels and adjustments of doses of antidiabetic 

medications accordingly in patients with comorbid depression and diabetes mellitus.  

The findings of case reports are usually not adequate to infer causation.
168

 

Although there was a clear temporal relationship between introduction of  antidepressant 

agents and glucose dysregulation in all case reports reviewed in this subsection, the 

findings from these reports only serve to provide an impetus for carrying out studies 

using rigorous methodological designs. The fact that only 17 cases of glucose 

dysregulation were reported in the last three decades may suggest that these adverse drug 

events were unique to the patients reported in these case reports. Furthermore, despite the 

reported effects of these drugs on appetite, lack of information on weight changes 

following antidepressant therapy in most of the case reports limits the interpretation of 

these findings as the changes in glucose regulation may have been related to lifestyle 

changes following improvements in mood. 
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Several factors could have precluded other patients receiving the same drugs from 

experiencing glucose regulation disturbances and therefore many patients are likely to be 

different from patients included in the case reports. Therefore, there is need for 

observations from case reports to be supported by studies using more advanced 

methodological designs.
168

 More advanced methodological designs include case series, 

case-control studies, cohort studies, and randomized clinical trials.  

2.3.2.3    Adverse Drug Event Reports 

Only one study evaluating adverse drug event reports of glucose dysregulation 

following therapy with antidepressants agents was obtained in literature.
169

 Using the 

World Health Organization (WHO) Adverse Drug Reaction Database (Uppsala 

Monitoring Center, Sweden), Derijks et al. evaluated the association between 

antidepressant use and hyper- and hypoglycemia using all adverse drug reactions ascribed 

to antidepressants, antipsychotics and benzodiazepines reported between 1969 and 2005. 

Benzodiazepines were used as a negative comparator group as they have not been shown 

to be associated with both hyper- and hypoglycemia. Antipsychotics were used as a 

positive comparator group for hyperglycemia and as a negative comparator group for 

hypoglycemia (antipsychotics are associated with a higher risk for hyperglycemia but not 

hypoglycemia).
169

  

Hyperglycemia 

Table 2.6 summarizes the nested case-control analysis of hyperglycemia adverse 

drug events ascribed to antidepressants, antipsychotics and benzodiazepines in the study 
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by Derijks et al.
169

 From a base cohort of 192,292 reports, 1,953 cases of hyperglycemia 

and 190,339 controls were identified. The majority of the cases were reported in the 

period 2001-2005 (n=1,148; 58.8%) followed by the period 1991-2000 (n=713; 36.5%). 

The majority of the cases were male (n=1,138; 58%) and the average age was 45 years.  

 

Table 2.6   Risk of hyperglycemia associated with use of antidepressants and  

antipsychotics in the WHO Adverse Drug Reactions Database 

 

Risk factor Cases 

(N=1,953) 

Controls 

(N=190,339) 

ROR 

adjusted
* 
 

95% CI 

Psychotropic agents     

Benzodiazepines  86      (4.4%) 32,487   (17.1%) 1.00 Reference  

Antidepressants  412   (21.1%) 101,198 (53.2%) 1.52 1.20 – 1.93 

Antipsychotics  1,455(74.5%) 56,654   (29.8%) 6.4 5.11 – 7.99 

Duration of 

antidepressant use 
    

Benzodiazepines 86   (33.2%) 32,487 (40.2%) 1.00 Reference 

0-1 year 151 (58.3%) 44,649 (55.2%) 1.29 0.98 – 1.69 

>1 year 22    (8.5%) 3,738    (4.6%) 2.05 1.27 – 3.31 
 

Adopted from: Derijks HJ, Meyboom RH, Heerdink ER, et al. The association between antidepressant use 

and disturbances in glucose homeostasis: evidence from spontaneous reports. Eur J Clin Pharmacol. May 

2008;64(5):531-538. 

 Abbreviations: ROR, Reporting Odds Ratio;  WHO, World Health Organization; 

Key: 
*
Adjusted for age, gender, reporting year, hypo- or hyperglycemia-inducing co-medications. 

 

As shown in Table 2.6, use of antidepressants was associated with a 1.5-fold 

increase in the risk of hyperglycemia (Adjusted Reporting Odds Ratio [RORadj.] = 1.52; 

95% CI: 1.20 – 1.93) compared to benzodiazepines. In addition, the risk of 

hyperglycemia was more than two-fold after more than one year of antidepressant use 

(RORadj. =2.05; 95% CI: 1.27 – 3.31). In comparison, antipsychotics were associated with 

a six-fold increase in the risk of hyperglycemia (RORadj. =6.4; 95% CI: 5.11 – 7.99) when 

compared to benzodiazepines.  
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When antidepressants were grouped into different clusters based on 

pharmacological binding properties on transporter and receptor sites, hyperglycemia was 

associated with antidepressants falling in the following clusters: cluster 1 (sertraline, 

fluvoxamine, paroxetine, venlafaxine, fluoxetine, citalopram, and clomipramine; [RORadj. 

=1.43; 95% CI: 1.11 – 1.83]); cluster 2 (amitriptyline, doxepin and imipramine; [RORadj. 

=1.91; 95% CI: 1.30 – 2.81]); and cluster 3 (maprotiline, nortriptyline, mianserin and 

mirtazapine; [RORadj. =1.93; 95% CI: 1.32 – 2.83]). In contrast, trazodone was not 

associated with hyperglycemia (RORadj. =1.07; 95% CI: 0.47 – 2.45). 

Hypoglycemia 

Table 2.7 summarizes the nested case-control analysis of hypoglycemia adverse 

drug events ascribed to antidepressants and antipsychotics.
169

 From a base cohort of 

190,864 reports, 525 cases of hypoglycemia and 190,339 controls were identified. The 

majority of the cases were reported in the period 1991-2000 (n=296; 56.4%) followed by 

the period 2001-2005 (n=160; 30.5%). The majority of the cases were females (n=318; 

61%) and the mean age was 51 years. 

As shown in Table 2.7, use of antidepressants was associated with a 1.8-fold 

increase in the risk of hypoglycemia (RORadj. = 1.84; 95% CI: 1.04 – 2.42) compared to 

benzodiazepines. The risk of hypoglycemia was slightly higher in patients who used 

antidepressants for more than one year (RORadj. =1.84; 95% CI: 1.04 – 3.27) compared to 

those who used them for less than one year (RORadj. =1.73; 95% CI: 1.28 – 2.33). In 
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contrast, antipsychotics were not associated with an increase in the risk of hypoglycemia 

(RORadj. =0.84; 95% CI: 0.60 – 1.19) when compared to benzodiazepines.  

When antidepressants were grouped into different clusters based on 

pharmacological binding properties on transporter and receptor sites, hypoglycemia was 

associated with antidepressants falling in the following clusters: cluster 1 (sertraline, 

fluvoxamine, paroxetine, venlafaxine, fluoxetine, citalopram, and clomipramine; [RORadj. 

=2.0; 95% CI: 1.51 – 2.65]); and cluster 2 (amitriptyline, doxepin and imipramine; 

[RORadj. =2.19; 95% CI: 1.44 – 3.33]). On the other hand, cluster 3 (maprotiline, 

nortriptyline, mianserin and mirtazapine; [RORadj. =0.89; 95% CI: 0.50 – 1.60]) and 

trazodone (RORadj. =1.62; 95% CI: 0.74 – 3.54) were not associated with hypoglycemia.  

 

Table 2.7   Risk of hypoglycemia associated with use of antidepressants and  

antipsychotics in the WHO Adverse Drug Reactions Database 

  

Risk factor Cases 

(n=525) 

Controls 

(n=190,339) 

ROR 

adjusted
*
  

95% CI 

Psychotropic agents     

Benzodiazepines  64  (12.2%) 32,487   (17.1%) 1.00 Reference  

Antidepressants  370 (70.5%) 101,198 (53.2%) 1.84 1.40 – 2.42 

Antipsychotics  91  (17.3%) 56,654   (29.8%) 0.84 0.60 – 1.19 

Duration of 

antidepressant use 
    

Benzodiazepines 64   (27.4%) 32,487 (40.2%) 1.00 Reference 

0-1 year 155 (66.2%) 44,649 (55.2%) 1.73 1.28 – 2.33 

>1 year 15    (6.4%) 3,738    (4.6%) 1.84 1.04 – 3.27 
 

Adopted from: Derijks HJ, Meyboom RH, Heerdink ER, et al. The association between antidepressant use 

and disturbances in glucose homeostasis: evidence from spontaneous reports. Eur J Clin Pharmacol. May 

2008;64(5):531-538.  

Abbreviations: ROR, Reporting Odds Ratio;  WHO, World Health Organization;  

Key:
*
Adjusted for age, gender, reporting year, hypo- or hyperglycemia-inducing co-medications. 
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Summary of adverse drug event reports 

In the nested case-control analysis of adverse drug reactions reported to a 

pharmacovigilance center by Derijks et al., antidepressants were associated with an 

increase in the risk for both hyperglycemia and hypoglycemia.
169

 Of particular mention is 

the pronounced association between hyperglycemia and antidepressants with binding 

properties for the norepinephrine reuptake transporter (amitriptyline, doxepin, and 

imipramine), and 5-HT2c and histamine-1 receptor sites (maprotiline, nortriptyline, 

mianserin and mirtazapine). As mentioned earlier, norepinephrine, serotonin, and 

histamine, along with other neurotransmitters, are involved in the regulation of appetite 

and glucose levels. Antidepressants that act by binding to serotonin and histamine-1 

receptors increase appetite leading to weight gain.
170

 Weight gain may result in insulin 

resistance which subsequently leads to hyperglycemia. Furthermore, inhibition of the 

norepinephrine reuptake transporter increases noradrenergic transmission which 

stimulates glycogenolysis and gluconeogenesis leading to elevated blood glucose 

levels.
146

 On the hand, hypoglycemia was mainly associated with antidepressant agents 

with enhanced pharmacologic binding properties for the serotonin reuptake transporter 

(e.g., SSRIs). This finding is consistent with studies that have shown that antidepressants 

agents with serotonergic properties have the propensity to cause hypoglycemia by 

increasing insulin action.
171-172

  

The study by Derijks et al. was limited by the inability to control drug indication, 

as depression has been reported to be associated with an increase in the risk of diabetes 

mellitus.
19, 35, 169

 In addition, the study was based on voluntarily reported adverse drug 
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reactions which may represent a small fraction of the actual number of hyperglycemia 

and hypoglycemia adverse events experienced by antidepressant users. The selection of 

controls from a pool of patients who experienced other adverse drug reactions could also 

introduce bias in the computation of the risk estimate.
168

 These controls are likely to be 

different from the general population of antidepressant users. In spite of these limitations, 

the results of this study support the findings of individual case reports discussed in the 

previous section of an association between use of antidepressant agents and disturbances 

in glucose control leading to both hyperglycemia and hypoglycemia. 

2.3.2.4    Prevalence Studies 

Only one prevalence study examining whether use of antidepressants is associated 

with development of diabetes was obtained in literature. In a study using data from The 

Hordaland Health Study,  Raeder et al. examined whether patients taking selective 

serotonin inhibitors (SSRIs) are more likely to have a metabolic syndrome including 

obesity, dyslipidemia and diabetes.
173

 The data, which was collected using a general 

community cross-sectional health survey, included 25,315 subjects aged 40 to 49 and 70 

to 74 years. A total of 461 subjects were taking SSRIs alone (i.e., not in combination with 

TCAs, antipsychotics or lithium).  

In that study by Raeder et al., the prevalence of diabetes in patients taking SSRIs 

was 2.8 percent while the prevalence of general obesity and abdominal obesity was 15.7 

and 24.8 percent, respectively. In addition, use of SSRIs was associated with abdominal 

obesity (ORadj. =1.40; 95% CI: 1.08 – 1.81) and hypercholesterolemia (ORadj. =1.36; 95% 
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CI 1.07 – 1.73). In contrast, overall use of SSRIs was not associated with diabetes 

mellitus (ORadj. =1.43; 95% CI: 0.73 – 2.80). However, there was a trend toward an 

association with diabetes in patients on paroxetine (ORadj. =2.36; 95% CI: 1.00 – 5.60; 

p=0.51) while citalopram, sertraline, fluoxetine, and fluvoxamine were not associated 

with diabetes. Furthermore, the prevalence of abdominal obesity was 28.9 percent in 

users of paroxetine, 16.9 percent in users of citalopram, and 27.1 percent in the combined 

users of sertraline, fluoxetine and fluvoxamine. To control for potential confounding, the 

multivariate logistic model used in the analysis adjusted for age, gender, smoking habits, 

coffee consumption, alcohol consumption, physical exercise, education level, anxiety, 

depression, and use of cholesterol-lowering medications. 

The cross-sectional design in the present study by Raeder et al. limits causal 

inference because of the lack of a temporal relationship between use of SSRIs and 

development of diabetes mellitus.
173

 Nevertheless, the significant association between 

SSRIs and obesity and dyslipidemia, and a trend toward an association with diabetes in 

patients prescribed paroxetine is consistent with findings of case reports and adverse drug 

event reports. Therefore, the observed propensity to cause metabolic syndrome is a cause 

for concern given the high morbidity and mortality associated with the metabolic 

syndrome.  

2.3.2.5    Observational Studies 

There is conflicting evidence from population-based observational studies 

regarding use of antidepressants and development of diabetes. A total of six observational 
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studies have been published: two cohort studies and four nested case-control studies.
9-14

 

The two cohort studies did not find an association between use of antidepressants and the 

development of diabetes mellitus.
11-12

 In contrast, results from the four nested case-

control studies support a causal relationship between use of antidepressants and 

development of diabetes.
9-10, 13-14

 These observational studies are discussed in more detail 

below.  

Cohort studies 

As mentioned earlier, two cohort studies evaluating whether use of 

antidepressants is associated with an increased the risk of diabetes mellitus were 

obtained. The first cohort study, by Knol et al., examined the onset of diabetes in 

antidepressant users and observed that use of antidepressants did not increase the risk of 

diabetes (Adjusted Hazard Ratio [HRadj.]=1.05; 95% CI: 0.88 – 1.26).
11

 In the same 

study, use of benzodiazepines was associated with a significant increase in the risk of 

diabetes (HRadj. =1.21; 95% CI: 1.02 – 1.44) which was largely explained by chronic 

diseases. This study was a retrospective cohort analysis of 60,516 individuals who filled 

prescriptions of antidepressants or benzodiazepines and captured in the PHARMO 

database in The Netherlands between 1996 and 2003. Among antidepressant users 

(n=18,507), 36.4 percent were male and the mean age (SD) was 43.3 (17) years. Diabetes 

diagnosis was defined as a prescription of an oral antidiabetic agent and/or insulin, after 

the index date. In addition, the following covariates were included: age at index, gender 

and the Chronic Disease Score. 
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The study should be interpreted with the following two potential limitations in 

mind. First, the association between antidepressant use and the development of diabetes 

was examined as a secondary objective. Thus, the study may not have been adequately 

powered to detect a significant association between use of antidepressants and diabetes. 

Furthermore, the control group was composed of patients with no prescriptions for 

antidepressants or benzodiazepines. Thus, the control group may have been composed of 

a largely heterogeneous group of patients not comparable to antidepressant or 

benzodiazepine users. 

The second cohort study, by Atlantis et al., only included 1,000 non-

institutionalized older individuals (aged 65 years and over) in Australia who were 

followed up biennially between 1994 and 2004.
12

 The incident cases of diabetes were 

identified during follow-up. The study was based on data collected by the Melbourne 

Longitudinal Studies of Health Aging (MELSHA), and found that the use of 

antidepressants was not associated with an increase in the risk of development of diabetes 

(HRadj. =2.83; 95% CI: 0.68 – 11.85).  

Similar to the study by Knol et al., the study by Atlantis et al. may not have been 

adequately powered to detect the association between antidepressants and diabetes 

because this association was not evaluated as a primary objective. The primary objective 

of the study was to examine whether depressive symptoms are associated with an 

increase in the risk of diabetes. Furthermore, information on medication use and incident 

diabetes was collected through self reports using interviews and surveys. This could have 

led to misclassification of exposure to antidepressants and cases of diabetes. Moreover, 
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this study did not include SSRIs and hence the results are not generalizable to those. In 

addition, the small number of cases who used antidepressants also limits the 

interpretability of these findings. For example, the reported hazard ratio was based on 

two patients who presented with symptoms of depression and also reported using 

antidepressant agents.  

Case-control studies 

In contrast to the two cohort studies, the four case-control studies reported an 

association between use of antidepressants and the development of diabetes.
9-10, 13-14

 

Brown et al. observed that concurrent use of TCAs and SSRIs was associated with an 

increase in the risk of developing type 2 diabetes compared to using TCAs alone (ORadj. = 

1.89; 95% CI: 1.35 – 2.65). In contrast, use of SSRIs alone was not associated with an 

increase in the risk of diabetes compared to TCAs alone (ORadj. =1.05; 95% CI: 0.86 – 

1.28), after adjusting for covariates.
13

 

The study by Brown et al. was a nested case-control analysis using data from 

individuals enrolled in the Saskatchewan Health, Canada, between 1991 and 2001.
13

 A 

total of 2,391 individuals with depression who received antidepressants formed the study 

population. The average age (SD) of the study population was 53.6 (SD=16.4) years, the 

majority of the subjects were female (68%), and the average of length of follow-up was 

4.07 years (range: 0.02 – 10.8 years). The majority of the patients were taking TCAs 

(42%) or SSRIs (39%). Only 7.7 percent of the patients were taking both TCAs and 
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SSRIs while 12 percent used multiple antidepressant agents. Fluoxetine (34%) and 

paroxetine (34%) were the most commonly prescribed SSRI agents. 

Patients who developed diabetes were identified by the presence of an 

International Classification of Disease, 9
th

 Revision (ICD-9) code corresponding to a 

diagnosis of diabetes in the physician service claims or a prescription claim for 

antidiabetic medications, after the index date. Individuals who switched between TCAs 

and SSRIs were excluded from the analysis.  

Similar to the findings made by Brown et al., Andersohn et al. observed that long-

term (>24 months) use of antidepressants in moderate to high doses was associated with 

an increase in the risk of diabetes (Incidence Rate Ratio [IRRadj.]=1.84; 95% CI:1.35 – 

2.52).
14

 In contrast to the study by Brown et al., in which diabetes was only associated 

with concurrent use of TCAs and SSRIs and not with use of either class of drugs alone, 

the study by Andersohn et al. observed that use of TCAs (IRRadj. =1.77; 95% CI: 1.21 – 

2.59) or SSRIs (IRRadj. =2.06; 95% CI: 1.20 – 3.52) alone was associated with incident 

diabetes. These associations were noted in the long-term use of moderate to high doses of 

both TCAs and SSRIs. In contrast, treatment for shorter periods (<24 months) or with 

lower doses was not associated with an increase in the risk. Therefore, a dose-response 

relationship was noted between use of antidepressants and the development of diabetes in 

this study.  

The study by Andersohn et al. was a nested case-control analysis using a cohort of 

165,958 patients with depression who received at least one new prescription of an 

antidepressant between January 1, 1990, and June 30, 2005. Patients aged 30 years 
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without diabetes at cohort entry in the United Kingdom General Practice Research 

Database were enrolled into the study. A total of 2,243 cases of incident diabetes mellitus 

were identified and matched with 8,963 control subjects who did not develop diabetes. 

The mean follow-up time was 2.8 years for both cases and controls. The majority of the 

cases and controls were females (60.1%) and the mean (SD) age was 56 (13.4) years. 

Table 2.8 provides a summary of incident rate ratios for the development of diabetes 

associated with individual antidepressant agents.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 76 

Table 2.8   Summary of incidence rate ratios of the risk of diabetes associated with  

recent use of individual antidepressants 

 

Antidepressant agent Incidence Rate 

Ratio
a
 

95% CI 

   Nonuse
b
 Reference Reference 

Tricyclic antidepressants   

   Amitriptyline
c
 1.43 1.03 – 1.98  

   Clomipramine   2.23 0.93 – 5.35 

   Dothiepen   1.16 0.91 – 1.48 

   Imipramine  0.70 0.20 – 2.45 

   Lofepramine  1.37 0.90 – 2.07 

   Nortriptyline 2.22 0.63 – 7.80 

   Trimipramine 2.46 0.93 – 6.51 

Selective serotonin reuptake 

inhibitors  
  

   Citalopram 1.13 0.85 – 1.51 

   Escitalopram 1.27 0.57 – 2.86 

   Fluoxetine 1.06 0.84 – 1.34 

   Fluvoxamine
c
  4.91             1.05 – 23.03 

   Paroxetine
c
 1.33 1.02 – 1.73 

   Sertraline  1.25 0.89 – 1.78 

Serotonin norepinephrine reuptake 

inhibitors 
  

   Venlafaxine
c
 2.03 1.18 – 3.48 

Other antidepressants   

   Mianserin  0.21 0.02 – 2.45 

   Mirtazapine  1.14 0.39 – 3.30 

   Nefazodone  0.79 0.06 – 8.27 

   Reboxetine  1.63             0.10 – 25.86 

   Trazodone  2.16 0.89 – 5.25 
 

Adopted from: Andersohn F, Schade R, Suissa S, Garbe E. Long-term use of antidepressants for    

depressive disorders and the risk of diabetes mellitus. Am J Psychiatry. 2009;166(5):591-598. 
a. Adjusted for body mass index, smoking, hypertension, hyperlipidemia, and recent use of beta-blockers, 

thiazide diuretics, antipysychotics, carbamazepine, phenyton,valroate, and glucocorticoids within 3 

months before the index date.  
b. Defined as no use of antidepressants within 2 years prior to the index date. 
c. Indicates a significant association with development of diabetes. 
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As shown in Table 2.8, development of incident diabetes was associated with 

long-term use (i.e., >24 months) of amitriptyline (IRRadj. =2.49; 95% CI: 1.52 – 4.08), 

fluvoxamine (IRRadj. =4.91; 95% CI: 1.05 – 23.03), paroxetine (IRRadj. =1.33; 95% CI: 

1.02 – 1.73), and venlafaxine (IRRadj. =2.03; 95% CI: 1.18 – 3.48). As observed with 

antidepressant classes, these effects were noted in moderate to high doses of individual 

antidepressant agents. These results are consistent with the findings of significant weight 

gain associated with these antidepressant agents, especially amitriptyline and paroxetine. 

Furthermore, the results in the study by Andersohn et al. support the evidence from case 

reports, cross-sectional studies and adverse drug events reported to the WHO 

pharmacovigilance center.  

Two more recent studies conducted in Finland support the observations made by 

Brown et al. and Andersohn et al.
9-10

 In a population-based study, Kivimaki et al. 

conducted a series of nested studies within a prospective cohort of 151,347 adult 

participants including 9,197 with continuing antidepressant medication, 224 with severe 

depression, and 851 with incident type 2 diabetes.
9
 The participants were followed for an 

average of 4.8 years from 1995 to 2005.  

In a nested case-control analysis (851 cases; 4,234 matched controls), 

antidepressant use was associated with an increased risk of diabetes in both participants 

with no indication of severe depression (ORadj. =1.93; 95% CI: 1.48 – 2.51) and 

participants with severe depression (ORadj. =2.65; 95% CI: 1.31 – 5.39). A weaker 

association between severe depression and incident diabetes was observed among both 

nonusers of antidepressants (ORadj. =1.20; 95% CI: 0.64 – 2.25) and antidepressant users 
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(ORadj. =1.65; 95% CI: 1.09 – 2.48).
9
  In the same study by Kivimaki et al., a prospective 

analysis of 9,197 antidepressant users ( 200 defined daily doses within a year, i.e., 

treatment lasting  6 months) and 45,658 matched non-users revealed a dose-response 

relationship between antidepressant use and incident diabetes. Antidepressant use of 200-

399 defined daily doses was associated with 1.53-fold increase in the risk (RRadj. =1.53; 

95% CI: 1.25 – 1.87) of incident diabetes while antidepressant use 400 defined daily 

dose was associated with a 2.0-fold increase (RRadj. =2.00; 95% CI: 1.51 – 2.66) in the 

risk of diabetes compared with no use, respectively (ptrend < 0.0001).
9
  

In another case-control analysis using a prospective cohort of 151,618 adults 

participants (from 1995 – 2005), Kimikavi et al. compared antidepressant between 493 

cases of type 2 diabetes and 2,450 matched controls. The odds for antidepressant use in 

cases were two times (ORadj. =2.0; 95% 1.57 – 2.55) higher than the odds in controls.
10

   

Summary of observational studies 

The six observational studies published to date have reported conflicting findings. 

The inconsistency in the findings appears to be along methodological designs employed 

in the examination of an association between use of antidepressants and the development 

of diabetes. The two cohort studies did not detect an increase in the risk of diabetes while 

the four nested case-control studies observed a significant association between 

antidepressants and the development of diabetes.
9-14

  

Given the inconsistency in the findings between cohort studies and nested case-

control studies, it remains unclear if the results obtained in the nested case-control studies 
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can be replicated in other populations. All six observational studies were conducted 

outside the US, where patterns of antidepressant drug use could differ. Therefore, there is 

need to replicate the nested case-control studies in the US population using a large 

database of antidepressant users. Furthermore, it would be prudent to establish whether 

results of an association between use of antidepressants and diabetes depend on the 

methodological design used. In this regard, this study proposes to use a retrospective 

cohort design and a nested case-control design in evaluating the association between use 

of antidepressants and incident diabetes.   

2.3.2.6    Clinical Studies 

Findings from case reports and observational studies need to be supported by 

clinical studies and randomized controlled trials. Clinical studies, in particular, provide 

useful insights with respect to practical implications of the association between 

antidepressants and glucose dysregulation. Three clinical studies were obtained from the 

literature.
174-176

 Two of the studies were conducted in patients without diabetes while the 

third was conducted in patients with diabetes.  

Okamura et al. evaluated insulin sensitivity in 20 non-diabetic patients with 

depression who were treated with tricyclic and tetracyclic antidepressants for an average 

of 82 days.
174

 Patients received the following drugs: maprotiline (dose: 30 – 75 mg/day; 

n=5), amitriptyline (75 mg/day; n=3), dosulepine (75 mg/day; n=7), and amoxapine (75 

mg/day; n=5). The average age (SD) of the study population was 44 (14) years. Patients 

in the treatment arm were matched with a control group (n=13) using body mass index 
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(BMI). In this study, treatment with tricyclic and tetracyclic antidepressants was 

associated with an increase in insulin sensitivity (p<0.01) without changes in BMI and 

fasting plasma glucose.  Similarly, Wagner et al. assessed the effect of antidepressants on 

insulin sensitivity in adults at risk of developing type 2 diabetes. In this study, treatment 

with antidepressants was observed to improve insulin resistance that usually develops in 

patients with depression (p<0.05).
176

  

In contrast to the above studies that included patients without diabetes, Knol et al. 

examined the influence of antidepressant agents on glycemic control in patients with 

diabetes.
175

 In this study of insulin users, overall use of antidepressants did not change the 

amount of insulin use. However, use of SSRIs was associated with a 13 percent decrease 

in the amount of insulin used (p=0.029) while use of TCAs was not associated with 

changes in the amount of insulin used.  

Evidence from clinical studies suggests that use of antidepressants in patients with 

diabetes could be beneficial in improving glycemic control. This is congruent with 

hypoglycemic effects of specific antidepressant agents reported in case reports and 

adverse drug event reports. However, this is also in disagreement with several reports of 

hyperglycemia in case reports, adverse event reports, and the increased risk of diabetes 

observed in nested case-control studies. If indeed antidepressants are associated with 

hypoglycemia and hyperglycemia, their effects on glucose regulation are likely to differ 

depending on pharmacological properties. The inconsistencies in the findings of case 

reports, adverse event reports, observational studies, and clinical studies may be 

addressed by results from randomized clinical trials.   
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2.3.2.7    Randomized Clinical Trials 

Randomized clinical trials are considered the gold standard in establishing 

causality. The following subsection reviews published clinical trials evaluating the effect 

of antidepressant agents on glucose regulation in both patients with diabetes and those 

without diabetes.  

Clinical trials in non-diabetic patients 

Five randomized clinical trials that reported the effect of antidepressants on non-

diabetic patients with major depressive disorder were identified in literature.
15-17, 177-178

 In 

four of the randomized trials, patients were randomized into treatment arms of either 

antidepressant agents or placebo. In one trial, however, patients were randomized into 

different arms of a diabetes prevention program.
15

 

Rubin et al. reported findings obtained from a randomized controlled trial of the 

Diabetes Prevention Program in which 3,187 patients were randomized to three treatment 

arms: intensive lifestyle; metformin; and placebo.
15

 Patients were also asked to report 

their use of antidepressant agents throughout the study period. The average study 

duration was 3.2 years. In this study, elevated depressive symptoms, at study baseline and 

during the study period, were not associated with an increase in the risk of developing 

diabetes. However, baseline use of antidepressants was associated with an increase in the 

risk of diabetes in the placebo (HRadj. =2.25; 95% CI: 1.38 – 3.66) and the intensive 

lifestyle (HRadj. =3.48; 95% CI: 1.93 – 6.28) arms. Furthermore, continuous use of 

antidepressants during the study was also associated with an increase in the risk of 
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diabetes in the same arms (placebo: HRadj. =2.60, 95% CI: 1.37 – 4.94; intensive lifestyle: 

HRadj. =3.39, 95% CI: 1.61 – 7.13). In contrast, antidepressant use in the metformin arm 

was not associated with an increase in the risk of diabetes.
15

  

Appendix B provides a summary of the four randomized clinical trials that 

evaluated the effect of antidepressant agents on glucose homeostasis in patients with 

depression but without diabetes mellitus. Ghaeli et al. observed that treatment with 

fluoxetine for eight weeks resulted in a significant decrease in fasting blood glucose, 

while treatment with imipramine resulted in a significant increase in fasting blood 

glucose.
16

 In contrast to the findings by Ghaeli et al., Chen et al. observed a decrease in 

insulin sensitivity accompanied by an increase in glucose levels after 4 weeks of 

treatment with fluoxetine in similar doses.
17

 In the same study by Chen et al., treatment 

with maprotiline also resulted in a decrease in insulin sensitivity but no effect on glucose 

levels was observed.  

In contrast to the studies by Chen et al. and Ghaeil et al., Weber-Hamann et al., in 

two different trials, observed that the increase in insulin sensitivity was only correlated 

with remission of depressive symptoms.
177, 179

 Five weeks of treatment with amitriptyline 

or paroxetine and four weeks treatment with mirtazapine or venlafaxine was associated 

with an increase in insulin sensitivity only in patients whose depressive symptoms 

remitted. These two studies suggest that changes in glucose levels during depression 

treatment may be related to the improvement of depressive symptoms rather than use of 

antidepressant agents.
177, 179

 However, this finding does not fully explain differences in 
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the effects of different antidepressant classes on blood glucose levels observed in many 

studies.   

Clinical trials in patients with comorbid depression and diabetes 

Seven clinical trials examining the effect of antidepressant agents on glycemic 

control in patients with diabetes were obtained in the literature. Appendix C provides a 

summary of these trials.  

In a randomized, double-blind clinical trial involving 68 patients with diabetes, 

treatment with nortiptyline for eight weeks was associated with worsening of glucose 

control.
180

 Patients on nortriptyline had a trend toward a hyperglycemic effect compared 

to placebo. In contrast, trials involving sertonergic antidepressants have reported 

improvements in glycemic control.
181-186

  Derijks et al. conducted an open-label 

comparative study involving four diabetic patients taking serotonergic antidepressants 

(citalopram [n=1], sertraline [n=2], and paroxetine [n=1]) and eight diabetic patients not 

treated with antidepressants over  a period of 180 days.
186

 In this study, use of citalopram, 

sertraline, or paroxetine (7.2%) was associated with a higher non-significant decrease in 

HbA1c levels compared to placebo (0.5%). Two clinical trials involving fluoxetine also 

reported similar findings.   In a four-week trial, fluoxetine increased glucose removal by 

2.4-fold (p<0.05) and insulin sensitivity by 2.7-fold (p<0.03).
181

 Similarly, treatment with 

fluoxetine for eight weeks resulted in a greater reduction in HbA1c levels (-0.40% vs 

0.07%; p=0.13) compared to placebo.
182

 Furthermore, sertraline was also observed to be 

associated with a significant decrease in HbA1c levels after 52 weeks of treatment 
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(p<0.002).
184

 In contrast, use of paroxetine was only associated with improved glycemic 

control in the acute phase of treatment (3 months) and not in the maintenance treatment 

phase (6 months).
185

    

Similar to studies involving SSRIs, treatment with bupropion was also associated 

with improved glycemic control in patients with diabetes.
183

 In a randomized, open-label, 

placebo-controlled trial, treatment with bupropion for 34 weeks resulted in significant 

reductions in HbA1c levels during both the acute phase (10 weeks, p<0.001) and 

maintenance phase (24 weeks, p=0.01) of treatment.  

The results of these seven trials appear to suggest a difference in the effect of 

antidepressant agents on glycemic control depending on pharmacological properties.
186

 

Treatment with serotonergic antidepressants (fluoxetine, citalopram, sertraline, 

paroxetine) and bupropion in patients with depression and diabetes resulted in 

improvements in glycemic control while treatment with a non-serotonergic antidepressant 

agent (i.e., nortriptyline) antidepressants resulted in worsening of glycemic control. These 

findings have clinical implications in patients who present with comormid depression and 

diabetes. It appears SSRIs and bupropion may be better tolerated than TCAs in the 

treatment of major depression in patients who also have diabetes mellitus.  

The results from the clinical trials seem to support the evidence emanating from 

case reports and adverse drug events, that hyperglycemia seems to be more of a problem 

with TCAs and other antidepressants while SSRIs and SNRIs may be associated with 

decrease in glucose levels which can be beneficial in patients with diabetes.  

Furthermore, a recent nested case-control in diabetic patients revealed that use of 
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antidepressants with a high affinity for the serotonin reuptake transporter was associated 

with a trend toward an increased risk of hypoglycemia (ORadj. =1.37; 95% CI: 0.71 – 

2.62).
187

  

Summary of randomized controlled trials 

The effect of antidepressant agents on glycemic control in patients with diabetes 

and in patients without diabetes appears to vary depending on the pharmacological 

properties of individual antidepressant agents. In this regard, TCAs (except 

clomipramine) and other antidepressants with a high affinity for norepinephrine reuptake 

transport appear to be associated with negative effects on glycemic control. These agents 

are more likely to increase insulin resistance (i.e., decrease insulin sensitivity) and 

increase fasting blood glucose levels, and consequently increase the risk of developing 

diabetes. On the other hand, antidepressant agents with a high affinity for the serotonin 

reuptake transporter appear to be associated with more positive effects on glycemic 

control. These agents, which include SSRIs, SNRIs, bupropion, and clomipramine, are 

more likely to decrease insulin resistance (i.e., increase insulin sensitivity) and reduce 

blood glucose levels. Thus, these agents are likely to have a lower risk of diabetes than 

TCAs and other antidepressant agents.  

However, it is important to take into account the inherent limitations of RCTs 

when interpreting these findings. Although RCTs are considered the gold standard in 

establishing causality, they are often of short duration and hence may not be ideal to 

establish long-term adverse effects of drugs. For example, the duration of most RCTs 
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reviewed in this section was less than six months. On the other hand, observational 

studies permit evaluation of long-term effects of medications and hence have become 

indispensable in establishing the effects of drugs on „real world‟ patients. The duration of 

the observational studies included in this review ranged from 3-10 years.  
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2.3.3    SUMMARY OF SECTION 

There is conflicting evidence regarding the association between the use of 

antidepressants and the development of diabetes mellitus. While several case reports, 

adverse drug event reports, prevalence studies, observational studies, clinical studies and 

randomized controlled trials provide evidence that antidepressants could increase the risk 

of diabetes, many more studies also show that use of antidepressants could have positive 

effects on glycemic control. In this regard, the effect on glucose regulation appears to 

depend on pharmacologic properties of individual antidepressants. While TCAs and other 

antidepressants with a high affinity for the norepinephrine reuptake transporter have a 

propensity to cause hyperglycemia, antidepressants with serotonergic properties (e.g., 

SSRIs, and SNRIs) tend to cause hypoglycemia. Furthermore, the adverse effects of 

antidepressants on glucose control may be more apparent after long-term use compared to 

short-term use. Therefore, there is a need for more studies evaluating the long-term 

effects of antidepressants on glucose regulation.  

The results from studies evaluating the effect of antidepressants on glucose 

regulation are consistent with studies evaluating weight changes following use of 

antidepressants. Antidepressant agents that have been noted to cause significant weight 

gain appear to be associated with an increase in the risk of hyperglycemia and diabetes. 

In contrast, antidepressant agents with minimal effects on weight and those that cause 

weight loss have minimal effects on glucose regulation or tend to cause hypoglycemia. 

Thus, some antidepressant agents have adverse effects on glucose control while others 

have beneficial effects in reversing insulin resistance that develops as a result of 
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depression. Furthermore, the inconsistency in the findings of observational studies along 

methodological designs requires further exploration. This study will compare results 

obtained using a retrospective cohort design with those obtained using a nested case-

control design. 
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2.4    SECTION IV:    DIABETES  MELLITUS 

As discussed in the previous section, recent studies suggest that use of 

antidepressants is associated with the development of diabetes mellitus. This section 

provides a brief overview of the epidemiology, classification, etiology, clinical course, 

management, and economic burden of diabetes mellitus. In addition, the association 

between diabetes and depression, and issues surrounding management of patients with 

co-morbid diabetes and depression are discussed.  

2.4.1    Epidemiology 

The American Diabetes Association defines diabetes mellitus as “a group of 

metabolic diseases characterized by hyperglycemia resulting from defects in insulin 

secretion, insulin action, or both.”
188

 Diabetes mellitus (hereafter referred to as diabetes) 

is also described as a chronic disease caused by a partial or complete lack of insulin.
39

 

The prevalence and incidence of diabetes are rising rapidly and are now reaching 

epidemic levels. In the last two decades, diabetes prevalence in the United States has 

doubled.
189

 In 2010, there were 1.9 million new cases of diabetes in the adult population.
4
 

In the same year, approximately 25.8 million people in all age groups (8.3%) and 25.6 

million people among those aged 20 years and older (11.3%) had diabetes.
4
 Of 25.8 

million people with diabetes, 18.8 million had diagnosed diabetes, while 7.0 million were 

unaware that they had the disease.
4
 Approximately 35.0% of the US adult population was 

estimated to have pre-diabetes based on fasting glucose or hemoglobin A1c levels. This 

translates to 79 million people re-diabetes. The current prevalence rate has surpassed 
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projections made earlier at the turn of the century which estimated that the prevalence of 

diabetes will reach 7.2 percent in 2050 (See Figure 2.1).
5
  

Figure 2.1    Projected changes in the number of people with Diabetes Mellitus in the US  

 

 

 
Figure 2.1. Projected changes in the number of people with diabetes in the United States in 2010, 2025, and 2050. The changes 

assume a steady increase in the prevalence of diabetes from 3.99% in 2000 to 7.21% in 2050, continuing population growth from 275 

million in 2000 to 404 million in 2050, and demographic changes.  
Source: Boyle JP, Honeycutt AA, Narayan KM, et al. Projection of diabetes burden through 2050: impact of changing demography 

and disease prevalence in the U.S. Diabetes Care. Nov 2001;24(11):1936-1940.  
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Diabetes prevalence is dependent on age, gender, and race/ethnicity. In 2007, 

about 0.2 percent of people aged less than 20 years, 10.7 percent of people aged 20 years 

or older, and 23.1 percent of those aged 60 years or older had diabetes.
6
 Prevalence was 

slightly higher in males (11.2%) than in females (10.2%). Furthermore, minorities have 

higher prevalence rates of diabetes than Whites. In 2007, diabetes prevalence in African-

Americans (11.8%) and Hispanics (10.4%) was 1.8 and 1.6 times that in Whites (6.6%) 

after adjusting for age differences, respectively.
6
 In the same year, about 7.5 percent of 

Asian-Americans had diabetes. American Indians, Alaskan Natives, and Pacific Islanders 

are more than two times more likely to develop diabetes than Whites.
6
      

 Diabetes is characterized by glucose intolerance resulting in hyperglycemia and 

changes in lipid and protein metabolism. If not treated, over a long period, diabetes leads 

to heart disease, stroke, high blood pressure, blindness, kidney failure, amputations, and 

dental disease.
6
 In 2006, diabetes was the seventh leading cause of death in the US.

6
 

Furthermore, patients with diabetes have double the mortality rate of people without 

diabetes and are more likely to have acute and chronic complications.
6
 

2.4.2    Economic Burden 

The annual cost of treating a patient with diabetes in the US is 2.3 times that of 

treating a patient without diabetes, after adjusting for population differences in age and 

gender.
6
 About one-fifth of the health care expenditure is spent on people with diabetes. 

In 2007, the total cost of treating diabetes was $174 billion, with direct medical costs 

accounting for $116 billion, and indirect costs accounting for $58 billion.
6
 Indirect costs 
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include productivity costs (disability or work loss) and premature death. However, the 

costs attributed to diabetes exclude intangible costs such as pain and suffering, and 

reduced quality of life for individuals with diabetes and their families and friends.
189

 

Furthermore, the yearly cost of diabetes in the US is projected to double by 2025 to $350 

billion.
189

 Therefore, there is a need for implementing effective prevention and 

surveillance programs to mitigate the increasing cost of diabetes to society.    

2.4.3    Classification  

Diabetes is broadly classified as either type 1 or type 2.
188

 Type 1 diabetes, 

formerly insulin-dependent diabetes mellitus or juvenile-onset diabetes mellitus, is 

caused by a complete deficiency of insulin. Type 2 diabetes, formerly non-insulin-

dependent diabetes mellitus or adult-onset diabetes mellitus, is a heterogeneous disorder 

characterized by obesity, β-cell dysfunction, insulin resistance, inadequate insulin 

secretory response, and increased glucose production.
188

  The majority of patients with 

diabetes have type 2 diabetes (90 to 95%), while only a small proportion has type 1 

diabetes (5 to 10%).
188

  

2.4.4    Etiology 

The pathogenesis of diabetes may involve multiple factors including genetic 

factors, environmental factors (e.g., viruses and toxins), obesity, and sedentary 

lifestyle.
190

 Type 1 diabetes usually results from cellular-mediated autoimmune 

destruction of the pancreatic β-cells.
188

 Consequently, there is a decrease or complete loss 

of insulin secretion, usually leading to absolute insulin deficiency and elevated glucose 
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levels.
188

 The rate of β-cell destruction varies; it is rapid in infants and slow in adults. 

Because the capacity of normal pancreatic β-cells to secrete insulin exceeds the normal 

amounts required to control carbohydrate, fat, and protein metabolism, patients with type 

1 diabetes typically present with clinical symptoms when β-cells are almost completely 

destroyed.
188

 Some patients with completely destroyed β-cells present with ketoacidosis 

as the first manifestation of diabetes. In contrast, patients with residual β-cell function 

present with less severe symptoms of diabetes. However, all patients with type 1 diabetes 

require exogenous insulin for survival.
39, 188

   

The exact pathogenesis of type 2 diabetes is not clearly understood, but is thought 

to be caused by a combination of inadequate compensatory insulin secretory response and 

resistance to insulin action, leading to accumulation of glucose in the circulation.
188

 

Patients with type 2 diabetes are more likely to have a family history of diabetes than 

patients with type 1 diabetes.
39

 Individuals with type 2 diabetes have decreased tissue 

responsiveness to insulin, and increased hepatic glucose production. While type 1 

diabetes is not associated with obesity, the majority of patients (over 80%) with type 2 

diabetes are obese.
188

 Furthermore, type 2 diabetes is associated with a number of 

disorders which include dyslipidemia, hypertension, artherosclerosis, and cardiovascular 

disease (collectively referred to as the metabolic syndrome), history of gestational 

diabetes, and impaired glucose metabolism.
6, 39

 Its prevalence increases with age and 

varies in different racial/ethnic subgroups.
188

 As mentioned earlier, minority groups 

which include African Americans, Hispanics, American Indians, Asian Americans and 
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Native Hawaiians/Pacific Islanders in particular, have a higher risk of type 2 diabetes and 

its complications than Whites.
6
       

Drug-induced diabetes 

Several drugs are known to affect glucose metabolism and insulin release leading 

to impaired glucose control and hypeglycemia. Drugs well known to cause 

hyperglycemia leading to diabetes mellitus include: alpha-blockers; beta-blockers; 

thiazide diuretics; corticosteroids; oral contraceptives and sex hormones; lithium; 

phenytoin; valproate; carbamazepine; and phenothiazines.
191-192

  Recent evidence also 

suggests that atypical antipsychotics are associated with impaired glucose tolerance and 

increased risk for diabetes mellitus.
193-195

 As discussed in Section III of this chapter, more 

recently, use of antidepressants has been linked with the development of diabetes 

mellitus.
12-14, 173

  

2.4.5    Diagnosis 

Table 2.4 lists the American Diabetes Association criteria for diabetes 

diagnosis.
188

 As shown in the table, a diagnosis of diabetes requires laboratory 

confirmation of elevated hemoglobin A1C, fasting plasma glucose, 2-hour plasma 

glucose, or random plasma glucose with classical symptoms of hyperglycemia or 

hyperglycemic crisis. 
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Table 2.9   Criteria for diagnosis of diabetes mellitus 

1. A1C  6.5%. The test should be performed in a laboratory using a method that is 

NGSP certified and standardized to the DCCT reference assay.

 

 

OR 

 

2. FPG  126 mg/dl (7.0 mmol/l). Fasting is defined as no caloric intake for at least 8 

hours.

 

 

OR 

 

3. 2-hour plasma glucose  200 mg/dl (11.1 mmol/l) during an oral glucose tolerance 

test. The test should be performed as described by the World Health, using a glucose 

load containing the equivalent of 75 g anhydrous glucose dissolved in water.

 

 

OR 

 

4. In a patient with classic symptoms of hyperglycemia or hyperglycemic crisis, a 

random plasma glucose    200 mg/dl (11.1 mmol/l). 

 
 

Adopted from: American Diabetes Association. Diagnosis and classification of diabetes mellitus. Diabetes 

Care. 2010;33 Suppl 1:S62-69. 

Key: 

In the absence of unequivocal hyperglycemia with cute metabolic complications, criteria 1-3 should 

be confirmed by repeat testing on a different day.  

Abbreviations: A1C – hemoglobin A1C or glycosylated hemoglobin; NGSP - National Glycohemoglobin 

Standardization Program; DCCT -Diabetes Control and Complications Trial FPG – Fasting plasma 

glucose 

 

Typically, patients with type 1 or type 2 diabetes present with the hallmark 

symptoms of fatigue, polydipsia, polyuria, but may differ in the circumstances under 

which a diagnosis of diabetes is made.
188

  The diagnosis of type 1 diabetes is usually 

abrupt, while that of type 2 diabetes is usually incidental during a routine office visit. 

Patients with type 1 diabetes are usually diagnosed when they present with ketoacidosis 

or acute hyperglycemia. On the other hand, patients with type 2 diabetes usually present 

with mild symptoms and a gradual onset.
188

 Furthermore, patients with type 1 diabetes 
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typically present with weight loss while it is uncommon for patients with type 2 diabetes 

to present with weight loss because the relatively high endogenous insulin levels promote 

lipogenesis.
39

  

Sometimes it is difficult to establish if a patient has type 1 or type 2 diabetes. 

However, patients aged less than 30 years, who are lean, have an elevated fasting plasma 

glucose and have signs and symptoms of diabetes, or present with ketonuria are more 

likely to have type 1 diabetes.
188

 In some patients, the glucose levels are higher than 

normal but are not high enough to meet the criteria for diabetes.
188

 These individuals are 

defined as having impaired fasting glucose (IFG) or impaired glucose tolerance (IGT). 

Patients with IFG or IGT or both are defined as having pre-diabetes, indicating a 

relatively high risk for the development of diabetes in the future. Individuals with IFG 

have fasting glucose levels ranging from 100 mg/dl (5.6 mmol/l) to 125mg/dl (6.9 

mmol/l), while patients with IGT have two hour oral glucose tolerance test (OGTT) 

values ranging from 140 mg/dl (7.8 mmol/l) to 199 mg/dl (11.0 mmol/l). IFG and IGT 

are associated with obesity (especially abdominal or visceral obesity), dyslipidemia with 

high triglycerides and/or low HDL cholesterol, and hypertension.
188

  

2.4.6    Clinical Course 

Diagnosis and progression of type 1 diabetes depends on the rate of β-cell 

destruction. As alluded to earlier, a diagnosis for type 1 diabetes is typically preceded by 

a long asymptomatic period.
39

 As the β-cell function decreases, postprandial 

hyperglycemia occurs, but with a progressive decrease in insulin secretion, fasting 
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hyperglycemia is observed. Typically, fasting hyperglycemia occurs when the β-cell mass 

is reduced by 80 to 90 percent.
39

 Patients usually present with hallmark symptoms of 

diabetes, dehydration or ketoacidosis. In many patients, within days or weeks after initial 

diagnosis of type 1 diabetes, there is a period of apparent remission accompanied by 

decreased blood glucose and decreased insulin requirements. This period, which may last 

for a few weeks, is termed the “honeymoon period” because the need for exogenous 

insulin requirements is expected to increase after this period.
196

 Complete β-cell 

destruction and absolute insulin deficiency occurs within eight to ten years of the 

presentation of clinical symptoms.
39

 Typically, treatment with insulin is necessary to 

prevent ketoacidosis and death.  

As mentioned earlier, the onset of type 2 diabetes is gradual. It usually begins as 

insulin resistance, but as the need for insulin rises, the pancreas gradually loses its ability 

to produce insulin.
6
 Over time as the β-cells lose the ability to respond to elevated 

glucose concentrations, glucose control becomes compromised and patients may need 

insulin in addition to oral antidiabetic drugs.
188

 Unlike patients with type 1 diabetes, 

patients with type 2 diabetes rarely develop ketoacidosis.
39

  

2.4.7    Long-Term Complications of Diabetes 

Chronic elevated glucose levels lead to microvascular and macrovascular 

complications.
196

 Microvascular complications include retinopathy, nephropathy, and 

neuropathy, while macrovascular complications include peripheral vascular disease, 

cardiovascular disease, and stroke.
196

 Diabetes is the leading cause of blindness and 



 

 98 

kidney failure in the US and causes neuropathy in 70 percent of patients.
6
 In addition, 

diabetes increases the risk of complications during pregnancy for both the mother and 

fetus.
197-198

 

Although diabetes is associated with a myriad of complications, several clinical 

trials and epidemiological studies have demonstrated the benefit of non-drug and drug 

therapies in both type 1 and type 2 diabetes. For example, the Diabetes Complications 

and Control Trial (DCCT) and the Epidemiology of Diabetes Intervention and 

Complications study (EDIC) demonstrated the benefit of intensive treatment in type 1 

diabetes in slowing the onset of long-term microvascular and macrovascular 

complications.
199-200

 In type 2 diabetes, the United Kingdom Prospective Diabetes Study 

(UKPDS) showed the benefit of intensive blood glucose control in reducing 

microvascular and cardiovascular complications.
201

  

2.4.8    Diabetes Management 

Treatment of diabetes includes a combination of three strategies: diet 

modification, physical activity, and pharmacologic therapy. As mentioned earlier, 

patients with type 1 diabetes have a decreased capacity to produce endogenous insulin, 

and hence require exogenous insulin for survival.
196

 In type 2 diabetes, patients are 

initially managed using a combination of weight loss, diet modification, and physical 

activity. However, many patients with type 2 diabetes will require oral antidiabetic 

medications to effectively control blood glucose levels.
196

 Some patients with type 2 

diabetes may require treatment with insulin in addition to oral antidiabetic agents.  
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Oral antidiabetic agents approved by the Food Drug Administration for the 

management of type 2 diabetes include: 1) -glucosidase inhibitors (acarbose, miglitol); 

2) biguanides (metformin); 3) nonsulfonylurea insulin secretagogues (repaglinides, 

nateglinide); 4) sulfonylureas (chlorpropamide, tolbutamide, tolazamide, glipizide, 

glyburide, glimepiride); 5) thiazolidinediones (rosiglitazone, pioglitazone); 6) 

glucagonlike peptide-1 receptor agonists/incretin enhancers (exenatide); 7) dipeptidyl 

peptidase-4 inhibitors (DPP-4 inhibitors, e.g., sitagliptin);  and 8) amylin receptor 

agonists (pramlintide). Table 2.5 shows a list of oral antidiabetic agents used in the 

management of type 2 diabetes.  
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Table 2.10   Generic name, brand name, recommended dose, and available strengths  

of antidiabetic agents approved by the FDA for the management of type 2 

diabetes mellitus
a
 

 

Generic Name Brand Name Recommended dosage 

range 

Strengths available (mg) 

-Glucosidase Inhibitors    

   Acarbose  Precose® 25 – 50 mg TID 25, 50, 100 

   Miglitol  Glyset® 25 – 50 mg TID 25, 50, 100 

Biguanides     

   Metformin  Glucophage®  0.5 – 2.5 g BID or TID 500, 850, 1000, 500 

mg/ml (liquid) 

   Metformin  

   extended-release 

Glucophage-XR® 1.5 – 2.0 g QD 500, 750, 1000 

Nonsulfonylurea Insulin 

Secretagogues (Glinides) 

   

   Repaglinide  Prandin®  0.5 – 4 mg TID-QID 0.5, 1, 2 

   Nateglinide  Starlix® 60 or 120 mg TID 60, 120 

Sulfonylureas    

First-generation    

   Acetohexamide  Dymlor® 0.25 – 1.5 g QD or BID 250, 500 

   Chlorpropamide Diabenese®  100 – 500 mg QD 100, 250 

   Tolazamide  Tolinase® 0.2 – 1 g QD or BID 100, 250, 500 

   Tolbutamide Orinase® 0.5 – 3 g BID or TID 250, 500 

Second-generation    

   Glimepiride  Amaryl® 1 – 8 mg QD 1, 2, 4 

   Glipizide Glucotrol® 2.5 – 40 mg QD or BID 5, 10 

   Glipizide extended-release Glucotrol XL® 5 – 20 mg QD 5 

   Glyburide Diabeta®, 

Micronase® 

1.25 – 20 mg QD or BID 1.25, 2.5, 5 

   Micronized Glyburide Glynase 

presTab® 

1.0 – 12 mg QD  1.5, 3 

Thiazolidinediones    

   Rosiglitazone  Avandia®  4 – 8 mg daily or in 

divided doses 

2, 4, 8 

   Pioglitazone  Actos®  15 – 45 mg QD 15, 30, 45 

GLP-1 Receptor Agonists    

   Exenatide  Byetta® 5 – 10 mcg BID 250 mcg/ml (injection) 

DPP-4 Inhibitors    

   Sitagliptin  Januvia® 100 mg QD 25, 50, 100 

Amylin Receptor Agonists     

   Pramlintide  Symlin®  60 or 120 mcg before 

meals 

0.6 mg/ml, 2.25 mg/ml 

(injection) 

Adapted from:  Koda-Kimble MA. Applied therapeutics : the clinical use of drugs. 9th ed. Philadelphia: 

WoltersKluwer Health/Lippincott Williams & Wilkins; 2009; 
a. List excludes combination products.  

Abbreviations: BID, twice a day;DPP-4, dipeptidyl peptidase-4; FDA, US Food and Drug  

Administration;GLP-1, glucagon-like peptide-1; QD, daily; QID:,four times a day; TID, three times a day. 
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2.4.9    Diabetes and Major Depression Disorder  

As mentioned earlier, use of antidepressants has been linked with an increase in 

the risk for type 2 diabetes. However, it is not clear whether the proposed association 

between antidepressants is independent of depression, which has long been linked with 

diabetes. Therefore, to accurately delineate the effect of antidepressants on the 

development of diabetes from the effect of depression on diabetes, it is important to 

understand the nature of the link between depression and diabetes. 

Depression and diabetes link 

 The link between diabetes and depression has been extensively studied. 

However, the exact direction and the mechanism of the relationship have not been clearly 

elucidated. Consequently, there are numerous studies that have evaluated whether the 

presence of depressive symptoms leads to an increased risk for type 2 diabetes or whether 

type 2 diabetes increases the risk of depression.  

Diabetes is thought to lead to depressed mood and anxiety because of the 

potential complications as a result of the diagnosis. Studies examining whether type 2 

diabetes increases the risk of depression have reported mixed findings. In several cross-

sectional studies, patients with diabetes have been observed to be two times more likely 

to develop depression than patients without diabetes.
202

 In these studies, women with 

diabetes were more likely to have comorbid depression than men. In other studies, the 

prevalence of depression in patients with diabetes has been observed to be between 8.5 to 

27 percent.
203-204

 The prevalence rates of depression in these studies were at least three 
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times the prevalence rates of depression in the general population.
203

  In a more recent 

study, diabetes mellitus was noted to be associated with a significant 30 percent increase 

in the risk of depressed mood.
205

 However, the increased risk was not significant after 

controlling for diabetes-related comorbidities. In contrast, several other studies have 

shown that type 2 diabetes is not associated with the development of depression. 
206-208

 

Compared to the potential risk of depression in patients with diabetes, the 

potential of depression being an independent risk factor for diabetes mellitus has received 

greater attention. The exact mechanism by which patients with depression may have an 

increased risk of developing diabetes has not been fully elucidated. However, two 

pathogenic pathways involving metabolic and behavioral changes have been proposed.
209

 

Depression has been noted to be accompanied by metabolic alterations that ultimately 

lead to disruption of normal glucose metabolism. In particular, depression has been 

observed to be accompanied by increased cortisol levels, which lead to increased insulin 

resistance and a decrease in glucose uptake.
210

 Patients with depression have also been 

observed to be more likely to engage in unhealthy behaviors: increased smoking, 

increased alcohol consumption, unhealthy diet, and decreased physical activity.
209, 211

 

These unhealthy behaviors increase the risk of developing diabetes. In addition, patients 

with diabetes who have comorbid depression do not take care of their diabetes, leading to 

complications.
209, 211

   

Several studies have evaluated the potential of an increase in the risk of diabetes 

mellitus in patients with major depression.
18, 212

 In a meta-analysis of prospective studies, 

patients with depression had a 60 percent increase in the risk of type 2 diabetes compared 
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with the general population.
212

 In these studies, patients with depression were also 

associated with poor health behaviors (i.e., smoking, decreased physical activity, and 

diets high in calories) that increase the risk for diabetes. In another meta-analysis of 

prospective studies, patients with depression had a 37 percent increase in the risk of type 

2 diabetes.
18

 Other prospective studies have reported larger increases in the risk of 

diabetes in patients with depression. Many prospective studies have observed that 

patients with depression are two times more likely to develop type 2 diabetes than 

patients without depression.
19, 34

 The incidence of diabetes in patients with depression in 

these longitudinal studies ranged from 7.3 to 22.0 per 1,000 person-years, suggesting that 

depression is an independent risk factor in the development of diabetes.
20-21

 However, in 

some studies, the increased risk of diabetes in patients with depression was partially 

explained by lifestyle factors, indicating that the relationship between depression and 

diabetes may have numerous mediating factors.
21

 These factors need to be considered 

when studying an association between depression and the development of type 2 

diabetes.  

Implications of comorbid diabetes and depression 

Comorbid depression and diabetes are associated with multiple adverse outcomes. 

Patients with diabetes who also have depression have higher mortality rates, greater 

incidence of both microvascular and macrovascular complications, and decreased 

physical functioning.
35, 213

 In one study, patients with comorbid diabetes and depression 

were seven times more likely to have functional disability compared to patients with 
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either diabetes or depression alone.
214-215

 In another study, comorbid diabetes and 

depression was associated with a 2.3-fold increase in mortality rate compared to patients 

with diabetes alone.
33

 Furthermore, patients with comorbid diabetes and depression are 

two times more likely to have three or more cardiovascular risk factors, are less likely to 

be adherent to dietary recommendations and oral antidiabetic regimens, and are more 

likely to have increased diabetes severity than patients with diabetes alone.
36, 215-216

 As a 

result of poor diabetes control and worsening severity, patients with diabetes and 

depression are more likely to visit emergency departments, specialty care, primary care 

providers, and are more likely to be admitted for non-psychiatric reasons.
215

 Because of 

higher utilization of health care services, these patients have higher costs of care, on 

average about 4.5 times more than patients with diabetes alone.
34, 215
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2.4.10    Summary of Section 

Diabetes prevalence in the US is rising at an alarming rate and has reached 

epidemic proportions. Diabetes is a debilitating chronic disease associated with high 

morbidity and mortality, microvascular and macrovascular complications, and high cost 

of management. Furthermore, diabetes has long been linked with depression in a bi-

directional fashion. Although the exact mechanism of the relationship has not been fully 

elucidated, the evidence supporting the hypothesis that depression increases the risk of 

diabetes has been more convincing than the evidence supporting that diabetes increases 

the risk of depression. Thus, the relationship between depression and diabetes may 

confound the results of studies evaluating the association between antidepressants and the 

development of diabetes. Therefore, it is important to interpret results from these studies 

with this potential confounding by indication in mind.  

Nonetheless, comorbid diabetes and depression is associated with numerous 

adverse outcomes, including higher health care utilization. Given the high prevalence of 

diabetes, it is important to identify potential risk factors of diabetes so that targeted 

prevention intervention strategies can be implemented. One such method is through 

conducting surveillance studies on drugs that have a potential to increase the risk of 

diabetes.   
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2.5    SECTION V:    USE OF LARGE DATABASES IN PHARMACOEPIDEMIOLOGICAL 

RESEARCH  

2.5.1    Introduction 

This study will be a retrospective analysis of antidepressant and benzodiazepine 

users in the Texas Medicaid prescription claims database. This section provides a brief 

background, advantages and limitations of using prescription claims databases in 

conducting pharmacoepidemiological research. 

2.5.2    Background 

Use of claims databases now extends beyond administrative purposes and 

identification of healthcare utilization patterns. Claims databases have become essential 

in pharmacoepidemiological research in evaluating medication effectiveness and safety in 

large populations.
217

  

Although randomized controlled trials are the gold standard in establishing 

efficacy and safety of drugs, their use may not be feasible in many situations.
218

 To begin 

with, randomized controlled trials are expensive and labor intensive to conduct and often 

have strict inclusion and exclusion criteria such that patients included in the studies are 

usually not representative of the population to which the findings may be relevant.
168, 218

 

Furthermore, they are usually conducted over short periods of time and hence are not 

ideal to establish long-term medication effectiveness and safety.  

Prospective cohort studies compensate for the limited generalizability of 

randomized controlled trials while maintaining high internal validity by studying „real 
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world‟ patients over longer periods of time to establish long-term medication 

effectiveness and safety. However, just like randomized controlled trials, prospective 

cohort studies are expensive and logistically challenging because they may require 

following-up a large number of people over a long duration.
218

 Furthermore, prospective 

cohort studies are not ideal for diseases with long latency periods and/or those with rare 

outcomes.
168, 218

 Thus, specific research questions can be adequately addressed by 

conducting retrospective studies using patient information documented in hospital 

patients charts and electronic medical and prescription records. Retrospective designs are 

more efficient and less costly than both prospective cohort studies and randomized 

controlled trials. They include retrospective cohort design, case-control, case-cohort 

design, case-time-control design, and nested case-control design.
168

  

2.5.3    Advantages  

In general, the use of large databases allows establishing effectiveness and safety 

of medications in the „real world‟ population. Because claims data are usually used for 

reimbursement purposes and are subject to auditing, they generally contain complete and 

accurate information on patient health care utilization patterns.
217

 The availability of large 

populations makes it possible to study diseases with long latency periods at relatively low 

costs compared to randomized controlled trials. Furthermore, the availability of data on 

patients over long periods permits accruing enough cases for diseases with low incidence 

and thus increase statistical power.
217

 Therefore, rare diseases and rare adverse drug 

events are more amenable to studies that use can automated databases.  
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2.5.4    Limitations 

Despite a number of advantages over other types of research, claims database 

research also has its own limitations that can negatively impact the validity of study 

results.
217

 Validity is defined as the extent to which study results accurately reflect 

reality.
219

 Below is a discussion of threats to internal validity, construct validity, and 

external validity that need to be taken into account during the design, conduct, analysis, 

and interpretation of claims database research. The discussion focuses on limitations 

relevant to prescription or pharmacy claims databases and how they can be addressed in 

the proposed study of antidepressants and the development of diabetes using Texas 

Medicaid prescriptions claims data. 

2.5.4.1    Threats to Internal Validity 

Internal validity refers to making appropriate causal inferences about the 

relationships between study variables that cannot be explained by extraneous factors.
219

 

Although it can be easy to establish correlation between two variables using claims 

databases, it is often difficult to infer causal relationships. Nonetheless, claims database 

research, if designed and conducted appropriately, can provide insights into the direction 

of the relationship between two variables. Therefore, it is imperative to be aware of and 

take measures to control and minimize the effect of several threats to internal validity that 

may be relevant in studies using prescription claims data.
217
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Adherence 

In claims database research, it is often assumed that a patient who fills a 

prescription will take the medication as directed. However, in some situations, patients 

may not adhere to treatment medications as directed. Thus, when comparing the 

effectiveness and safety of two medications, it is important to be aware of the level of 

adherence in the two arms of treatment. Differential adherence in the two treatment 

groups may bias the results in favor or against one treatment group. Thus, it is imperative 

to take into account differences in adherence between two treatment groups in order to 

make accurate interpretations of the relationship between a specific treatment and the 

outcome of interest.
217

 

Exposure misclassification 

Exposure misclassification occurs when unexposed individuals are considered 

exposed or vice versa.
217

 This can be problematic if patients have other sources of 

medications not captured in the database. For example, patients‟ use of over-the-counter 

medications will not appear in the prescriptions claims database. This study will compare 

benzodiazepine users with antidepressant users in the development of diabetes. Both 

groups of drugs require prescriptions and so cannot be bought over-the-counter. In 

addition, use of medications not covered by the public insurance provider may also pose 

a challenge in exposure classification.
217

 This could be a problem if medications not 

covered by Medicaid are bought out-of-pocket or are obtained through private insurance 

providers and therefore can lead to misclassification of certain patients as unexposed. 
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However, this is unlikely to significantly alter the results given the low socioeconomic 

status of the Medicaid population. Therefore, use of prescription drugs in the Medicaid 

database should be relatively complete.  

Detection/referral bias 

Awareness of a possible causal relationship between the use of antidepressant 

agents and the development of diabetes may introduce bias in a claims database study 

comparing the rates of diabetes between antidepressant users and benzodiazepine users. 

For example, if patients taking antidepressants are referred to endocrinologists to monitor 

glucose control changes at higher rates than benzodiazepine users, a higher number of 

patients in the antidepressant group will be officially diagnosed with diabetes compared 

to the benzodiazepine group. These biases are referred to as referral and detection biases. 

Referral bias occurs if the reasons for referring a patient for further investigations is 

related to the drug exposure status.
168

 Closely related to referral bias is detection bias, 

which is a differential rate of detection of the outcome of interest that has been influenced 

by exposure status. This could be a potential problem given several publications in 

literature about the possible increase in risk of glucose regulation disturbances associated 

with use of antidepressant agents.
168

 The effect of this potential bias is unlikely to 

significantly alter the findings in this study given that the current literature has not 

provided definitive evidence on the risk of diabetes associated with antidepressant agents. 
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Protopathic bias 

Protopathic bias occurs “if a particular treatment or exposure was started, stopped, 

or otherwise changed because of the baseline manifestation caused by a disease or other 

outcome event.”
220

 A classical example of this type of bias is that of patients who stop 

taking aspirin because of the presence of blood in the stools. If the presence of stools was 

the first expression of colon cancer, a spurious negative association between current use 

of aspirin and colon cancer could be observed.
168

 Similarly in the present study, if 

patients stop taking antidepressants when they experience disturbances in glucose 

regulation before a diagnosis for diabetes is made, we may conclude that use of 

antidepressants does not increase the risk of diabetes. In fact, we may erroneously 

conclude that antidepressants may be protective in the development of diabetes because 

those who subsequently develop diabetes may have stopped taking antidepressants 

earlier.
168

 This poses a great challenge in this study using prescriptions claims data with 

no medical and laboratory records to verify the reasons patients stopped taking 

antidepressant or benzodiazepine agents.  

Confounding 

Several risk factors for diabetes may influence the relationship between use of 

antidepressants and the development of diabetes. Although several known risk factors of 

diabetes will be controlled for in this study, the unavailability of information on certain 

risk factors poses a challenge. For example, the unavailability of medical diagnoses, 

lifestyle information (diet, physical exercise, alcohol intake, cigarette smoking), and body 
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mass index means that some risk factors will not be controlled for in the analysis. 

However, comorbidity and disease severity can be estimated using the number of 

medications in different classes prescribed to a patient.
217

 

Confounding by indication is another threat to internal validity which needs to be 

taken into account when interpreting results from claims database studies. When the 

choice between different antidepressant agents is influenced by patient characteristics 

such as comorbidities and safety, making comparisons between these patients may lead to 

inaccurate findings, as patients will not only differ by the treatment prescribed but by 

other factors which can affect the outcome variable. 
168

 This type of confounding is 

difficult to control for in claims database research as most of the information about the 

patient characteristics is usually not available.  

2.5.4.2    Threats to Construct Validity 

Construct validity refers to the degree to which a variable accurately measures the 

phenomenon it purports to measure.
219

 In this study, the prescription of antidiabetic 

agents will be used as a proxy for the diagnosis of type 2 diabetes mellitus because of the 

unavailability of diagnosis data. Although this approach is appropriate in this study given 

that antidiabetic medications are mainly indicated for diabetes and have minimal off-label 

use, this may not be appropriate for medications with numerous indications.
217

 

Specifically, although antidepressants are mainly used in the treatment of depression, 

they have numerous indications which include: anxiety disorders, eating disorders, and 

chronic pain. Thus, it may not be accurate to assume that patients prescribed 
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antidepressants have a diagnosis for major depressive disorder. Furthermore, a number of 

antidepressant drugs have off-label indications. Similarly, use of doses to establish 

diagnoses can introduce bias as certain patients may use doses which are out of the usual 

range for given indications.
217

 In this study, drug indication will not be assumed based on 

doses. Rather, this study will focus on the use of antidepressants and their association 

with the development of diabetes, irrespective of indication.   

2.5.4.3    Threats to External Validity 

External validity refers to the generalizability of the study results to a population 

of interest. It is referred to as the validity to which we can infer that the presence of a 

causal relationship between two variables can be generalized across different populations 

in different settings.
219

  The Medicaid population mainly consists of disabled persons, the 

elderly, children, and people of a low socioeconomic status, who have different health 

needs than the general population. Thus, the interpretation of the findings from this study 

will take this into consideration when inferring about the nature of the relationship 

between the use of antidepressants and the development of diabetes.  
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2.5.5    Summary of Section 

The use of prescription claims databases for research should take into 

consideration various sources of bias in the design, conduct, analysis and interpretation of 

findings. In this regard, the use of appropriate designs and statistical analyses should also 

acknowledge the potential limitations inherent in the prescriptions databases. Despite 

these limitations, claims database research can provide invaluable insight into the nature 

of the relationship between two variables.  
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2.6    SECTION VI:    STUDY RATIONALE, OBJECTIVES, AND HYPOTHESES  

2.6.1    Study Rationale 

Current evidence linking the use of antidepressant agents and the development of 

diabetes is inconclusive. Given the proposed link between depression and diabetes, it is 

pertinent to determine whether antidepressants further increase the risk of developing 

diabetes in patients with major depressive disorder and other psychiatric disorders. The 

evidence from case reports, adverse drug event reports, observational studies, clinical 

studies, and randomized controlled trials indicate that use of antidepressants is associated 

with both hyperglycemia and hypoglycemia. Thus, the results from this study may 

provide additional evidence to guide clinicians on the choice of antidepressant agents in 

patients at risk of developing diabetes and those with diabetes who need to use 

antidepressants. The inconsistency in the findings of observational studies calls for 

further investigations. Furthermore, the interpretation of the evidence from some of the 

published observational studies is limited by small sample sizes and the use of self-

reports in establishing exposure to antidepressants and diagnosis of diabetes. Thus, there 

is need for more studies to shed light on the relationship between antidepressants and 

diabetes.     

 The present study had two main purposes. The first purpose was to determine 

whether use of antidepressants increases the risk of type 2 diabetes mellitus. To this end, 

the study compared the incidence of type 2 diabetes mellitus between antidepressant 

users and benzodiazepine users. The study also compared the incidence of diabetes 
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among patients prescribed tricyclic antidepressants (TCAs), selective serotonin reuptake 

inhibitors (SSRIs), serotonin-norepinephrine reuptake inhibitors (SNRIs), and other 

classes of antidepressants. In addition, the time to occurrence of diabetes (survival time) 

was compared between antidepressant users and benzodiazepine users, and among 

different antidepressant classes. Lastly, the effect of treatment duration on the risk of 

developing diabetes was evaluated by comparing short-term, medium-term, and long-

term use of antidepressants.   

 The second purpose of this study was to establish whether the association between 

the use of antidepressant agents and the development of diabetes is independent of the 

methodological design used in the analysis. To this end, the association between use of 

antidepressants and the development of diabetes was evaluated using two methodological 

designs: retrospective cohort design and nested case-control design.  

In addressing the main study purposes outlined above, the association between the 

use of antidepressants and the development of diabetes was evaluated while controlling 

for the following covariates: demographic factors (i.e., age, gender, and race/ethnicity), 

medication adherence, persistence, comorbidity (Chronic Disease Score), treatment 

duration, dual exposure (use of antidepressants and benzodiazepines at cohort entry), and 

drugs that may lead to weight gain and/or an increase in the risk for diabetes (i.e., beta-

blockers, alpha-blockers, thiazide diuretics, carbamazepine, phenytoin, valproate, lithium, 

antipsychotics, combined oral contraceptives containing norgesterol, and 

glucocorticoids).   
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2.6.2    Study Aims 

The aims of this study are to: 

1. Describe the demographic characteristics (age, gender, race/ethnicity), year of cohort 

entry, diabetogenic medication use, Chronic Disease Score, and medication adherence 

and persistence, in the study cohort. 

2. Compare the time to occurrence of diabetes (survival time) between antidepressant 

users and benzodiazepine users, and among patients prescribed TCAs, SSRIs, SNRIs, 

and Other antidepressants.  

3. Using a retrospective cohort design, compare the incidence of diabetes between 

antidepressant users and benzodiazepine users, among patients prescribed TCAs, 

SSRIs, SNRIs, and Other antidepressants, and between different treatment durations: 

short-term, medium-term, and long-term treatment duration. 

4. Using a nested case-control design, compare the incidence of diabetes between 

antidepressant users and benzodiazepine users, current and former users of 

antidepressants agents, and among patients prescribed TCAs, SSRIs, SNRIs, and 

Other antidepressants.  

 

The study was composed of four phases corresponding to the study aims. In Phase 

I, the study sample is described with regard to demographic characteristics and 

medication use patterns (i.e., antidepressant use, benzodiazepine use, treatment duration, 

medication adherence, persistence, Chronic Disease Score, and concomitant diabetogenic 

medications). Phase II of the study examined the time to occurrence of diabetes (survival 
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time). Phase III of the study evaluated the association between the use of antidepressants 

and the development of diabetes using a retrospective cohort design. Finally, phase IV 

evaluated the association between antidepressants and diabetes using a nested case-

control design: a) within the entire study cohort (both antidepressant and benzodiazepine 

users); b) and within the exposed cohort (antidepressant users only).  

2.6.3    Specific Objectives and Hypotheses 

The following specific objectives were the focus of the study:  

2.6.3.1    Phase I: Demographic Characteristics and Drug Use Patterns 

Objective 1  

To determine whether the demographic characteristics and year of cohort entry  

differs when stratified by exposure status (i.e., whether exposed to  antidepressants or 

benzodiazepines). 

H0 (1a)   Mean age will not differ significantly when stratified by exposure status. 

H0 (1b)   The proportion of patients in each gender category will not differ 

significantly when stratified by exposure status. 

H0 (1c)   The proportion of patients in each race/ethnicity category will not differ 

significantly when stratified by exposure status. 

H0 (1d)  The proportion of patients in each year of cohort entry will not differ 

significantly when stratified by exposure status. 
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Objective 2 

To determine whether the proportion of patients prescribed diabetogenic 

medications (i.e., beta-blockers, alpha-blockers, thiazide diuretics, carbamazepine, 

phenytoin, valproate, lithium, antipsychotics, combined oral contraceptives containing 

norgesterol, and glucocorticoids) differs when stratified by exposure status and 

antidepressant class.  

H0 (2a-h)   The proportion of patients using diabetogenic medications (i.e., alpha-1 

adrenergic blockers [H0(2a)], antipsychotics [H0(2b)], beta-2 adrenergic 

blockers [H0(2c)], carbamazepine [H0(2d)], norgesterol-containing oral 

contraceptives [H0(2e)],  phenytoin [H0(2f)], thiazide diuretics [H0(2g)], and 

valproic acid [H0(2h)]) will not differ significantly when stratified by 

exposure status.  

H0 (2i)  Mean number of diabetogenic medications will not differ significantly 

when stratified by exposure status.  

H0 (2j)   Mean number of diabetogenic medications will not differ significantly, 

when stratified by antidepressant class.  

 

Objective 3 

To determine whether the Chronic Disease Score differs when stratified by 

exposure status and antidepressant class.  
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H0 (3a)  The Chronic Disease Score will not differ significantly when stratified by 

exposure status.  

H0 (3b)  The Chronic Disease Score will not differ significantly when stratified by 

antidepressant class.  

 

Objective 4 

To determine whether treatment duration differs when stratified by exposure 

status and antidepressant class. 

H0 (4a)  Treatment duration will not differ significantly when stratified by 

exposure status.  

H0 (4b)  Treatment duration will not differ significantly when stratified by 

antidepressant class.  

Objective 5 

To determine whether medication adherence (MPR) and persistence differ when 

stratified by exposure status and antidepressant class.  

H0 (5a)  Medication possession ratio (MPR) will not differ significantly when 

stratified by exposure status.  

H0 (5b)  Medication possession ratio (MPR) will not differ significantly when 

stratified by antidepressant class.  

H0 (5c)  Persistence will not differ significantly when stratified by exposure status.  
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H0 (5d)  Persistence will not differ significantly when stratified by antidepressant 

class.  

 

2.6.3.2    Phase II: Survival Analysis: Time to Occurrence of Diabetes (Survival       

              Time) 

Objective 6 

To determine whether survival time (time to occurrence of diabetes) differs when 

stratified by exposure status and antidepressant class. 

H0 (6a)  Survival time will not differ significantly when stratified by exposure 

status. 

H0 (6b)  Survival time will not differ significantly when stratified by antidepressant 

class.  

 

Objective 7 

To determine whether survival time differs when stratified by exposure status 

(i.e., antidepressant users vs. benzodiazepine users) and antidepressant class, while  

controlling for the following covariates: demographic factors (i.e., age, gender, and 

race/ethnicity), medication adherence, persistence, Chronic Disease Score, diabetogenic 

medications, year of cohort entry, and dual exposure. 
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H0 (7a)  Survival time will not differ significantly when stratified by exposure 

status, while controlling for covariates 

H0 (7b-d)  Survival time will not differ significantly in patients exposed to 

antidepressants when stratified by antidepressant class (SSRIs (7b), 

SNRIs(7c), and Other(7d) vs. TCAs), while controlling for covariates. 

H0 (7e-h)  Survival time will not differ significantly between antidepressant classes 

(TCAs (7e), SSRIs(7f), SNRIs(7g), Other(7h)) and benzodiazepines, while 

controlling for covariates.   

H0 (7i-l) Survival time will not differ significantly between selected antidepressant 

agents (Amitriptyline(7i), Escitalopram(7j), Sertraline(7k), Trazodone(7l)) and 

benzodiazepines, while controlling for covariates. 

   

2.6.3.3    Phase III: Incidence of Diabetes Using a Retrospective Cohort Design 

Objective 8 

Using a retrospective cohort design, determine whether the incidence of diabetes 

differs in the study population when stratified by exposure status, antidepressant class, 

and treatment duration (short-term, medium-term, long-term), while controlling for the 

following covariates: demographic factors (e.g., age, gender, and race/ethnicity), 

medication adherence, persistence, Chronic Disease Score,  diabetogenic medications, 

treatment duration, year of cohort entry, and dual exposure. 
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H0 (8a)  The incidence of diabetes will not differ significantly when stratified by 

exposure status, while controlling for covariates. 

H0 (8b-d) Incidence of diabetes will not differ significantly when stratified by 

antidepressant classes (SSRIs(8b), SNRIs(8c), Other(8d) vs. TCAs), while 

controlling for covariates. 

H0 (8e-h) Incidence of diabetes will not differ significantly between antidepressant 

classes (TCAs (8e), SSRIs(8f), SNRIs(8g), Other(8h)) and benzodiazepines, 

while controlling for covariates. 

H0 (8i-j) Incidence of diabetes will not differ significantly according to treatment 

duration (medium-term vs. short-term (8i), long-term vs. short-term (8j)), 

while controlling for covariates. 

H0 (8k-n) Incidence of diabetes will not differ significantly between selected 

antidepressant agents (Amitriptyline(8k), Escitalopram(8l), Sertraline(8m), 

Trazodone(8n)) and benzodiazepines, while controlling for covariates.   

  

2.6.3.4    Phase IV: Incidence of Diabetes Using a Nested Case-Control Design 

Objective 9 

Using a nested case-control design within the entire study cohort (antidepressant 

users and benzodiazepine users), determine whether the incidence of diabetes differs 

when stratified by exposure status (antidepressants vs. benzodiazepines), antidepressant 

class, and antidepressant class vs. benzodiazepines, while controlling for the following 
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covariates: race/ethnicity, medication adherence, persistence, Chronic Disease Score, 

diabetogenic medications, treatment duration, year of cohort entry, and dual exposure 

(Note: age and gender were matching variables and hence did not need to be controlled 

for in the analyses). 

H0 (9a)  The incidence of diabetes will not differ significantly when stratified by 

exposure status, while controlling for covariates. 

H0 (9b-d)  Incidence of diabetes will not differ significantly when stratified by 

antidepressant class (SSRIs(9b), SNRIs(9c), Other(9d) vs. TCAs), while 

controlling for covariates. 

H0 (9e-h)  Incidence of diabetes will not differ significantly between antidepressant 

classes (TCAs(9e), SSRIs(9f), SNRIs(9g), Other(9h)) and benzodiazepines, 

while controlling for covariates. 

Objective 10 

Using a nested case-control design within the exposed cohort (antidepressant  

users), determine whether the incidence of diabetes differs when stratified by recency of 

antidepressant use (current vs. former), antidepressant class, and current use of 

antidepressant classes vs. former use, while controlling for the following covariates: 

race/ethnicity, medication adherence, persistence, the Chronic Disease Score, 

diabetogenic medications, treatment duration, year of cohort entry, and dual exposure 

(Note: age and gender were matching variables and hence did not need to be controlled 

for in the analyses).  
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H0 (10a)  The incidence of diabetes will not differ significantly when stratified by 

recency of antidepressant exposure (i.e., current use vs. former use), while 

controlling for covariates. 

H0 (10b-d)  Incidence of diabetes will not differ significantly when stratified by 

current antidepressant class use (SSRIs(10b), SNRIs(10c), Other(10d) vs. 

TCAs), while controlling for covariates. 

H0 (10e-h)  Incidence of diabetes will not differ significantly between current users of 

antidepressant classes (TCAs(10e), SSRIs(10f), SNRIs(10g), Other(10h)) and 

former users, while controlling for covariates. 
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 CHAPTER 3:  METHODOLOGY 

CHAPTER OVERVIEW 

This chapter provides a detailed description of the methodology used to evaluate 

the association between use of antidepressants and the development of diabetes. The 

study design is described including details of the data source, study sample, study cohort, 

study endpoint, and time frame. This is followed by a detailed description of study 

methods that will be used in evaluating the association between the use of antidepressants 

and diabetes including cohort definition, risk-set definition, and selection of cases and 

controls. A detailed description of the study variables and operationalization is also 

presented. In addition, data collection methods and sample size calculations are 

described. The chapter concludes with a discussion of statistical analyses that were 

employed for each study objective.   

 

3.1    INSTITUTIONAL REVIEW BOARD APPROVAL 

The study was approved by the Institutional Review Boards (IRB) of The 

University of Texas at Austin (IRB protocol number: 2009-12-0035) and Texas 

Medicaid. A waiver of informed consent was obtained because the research contains no 

more than minimal risk to the subjects, the waiver does not affect the rights and welfare 

of the subjects, and the research cannot reasonably be conducted without the waiver. In 

accordance with the IRB requirements of the relevant institutions, only de-identified data 

was collected to ensure confidentiality of patient information.   
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3.2    STUDY DESIGN 

This was a retrospective analysis using demographic and prescription records of 

adults aged 18 – 64 years enrolled in Texas Medicaid who received at least two 

prescriptions for antidepressants or benzodiazepines between January 1, 2002 and 

December 31, 2009. The study was composed of four phases. In Phase I, the study 

sample was described with regard to demographic and drug use patterns. In Phase II, the 

time to occurrence of diabetes (survival time) was examined. Phase III of the study 

examined the association between the use of antidepressants and the development of 

diabetes using a retrospective cohort. Finally, in Phase IV, the study evaluated the 

association between antidepressants and diabetes using a nested case-control design in 

the entire study cohort (antidepressant users and benzodiazepine users) and in the 

exposed cohort (antidepressant users).  
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3.2.1    Study Design Structure 

The study design structure  is depicted in Figure 3.1 below.  

Figure 3.1   Study design structure  
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3.2.2    Data Source 

Data were extracted from the Texas Medicaid prescription claims database. Data 

in the files include, but are not limited to, patient identification number (de-identified), 

gender, age, the date the prescription was dispensed, drug name, the quantity, dose, 

number of days of supply, National Drug Code (NDC), American Hospital Formulary 

Service (AHFS) number, and the Generic Sequencing Number (GSN). Texas Medicaid 

has been extensively used to conduct pharmacoepidemiologic research assessing 

medication benefits or risks.
193, 221-227

 A brief background and description of the Medicaid 

program is discussed below. 

3.2.3    Texas Medicaid 

The United States Medicaid program was established through Title XIX of the 

Social Security Act on July 30, 1965.
228

 The Medicaid program is jointly funded by 

federal and individual state governments. It is administered by states, with federal 

oversight through the Centers for Medicare and Medicaid Services (CMS). The program 

was created to provide health insurance coverage to people with low income or who 

cannot afford private health insurance.
228

 Specifically, the program provides coverage to: 

1) low-income pregnant women and families with children, 2) low-income adults and 

their children, 3) seniors, and 4) individuals with chronic disabilities.
168

 Consequently, 

there is overrepresentation of certain populations in the program including pregnant 

women, children, and African-Americans and Hispanics. Because of the design and 
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purpose of the Medicaid program, the Medicaid population is not representative of the 

general population with respect to age, sex, income, and disability.
168

  

The number of beneficiaries in the Medicaid program has been increasing over 

the years. In 2008, the Medicaid program provided national coverage to 42.6 million 

people (14.1% of the population).
229

   Texas Medicaid began in 1967, two years after the 

establishment of the National program.
228

 In January 2008, Medicaid provided health 

insurance coverage to about 13 percent of Texans (1 in 8 Texans), with an average 

monthly enrollment of 2.8 million beneficiaries.
228

  More recently, in February 2010, 

more than 2.9 million people were enrolled in the Texas Medicaid program with a 

preponderance of children under the age of 18 years (68%).
230

 The remainder of the 

Texas Medicaid population was composed of the elderly (9%), the disabled and blind 

(16%), pregnant women (4%), and others (5%). In 2007, the population was dominated 

by females (57%) and minorities (76%).
228

 More than half of the Texas Medicaid 

population (54%) was Hispanic. African-Americans constituted 18 percent while Whites 

made up 24 percent of the population. Services provided by the Texas Medicaid program 

include: physician services, inpatient and outpatient hospital services, lab and X-ray 

services, long-term care, and pharmacy services.  

   In 2008, the estimated prevalence of diagnosed diabetes in Texas in the adult 

population ( 18 years) was 9.7 percent (1.7 million).
231

 African-Americans had the 

highest prevalence of diabetes (13.0%), followed by Hispanics (11.1%), Whites (8.3%), 

and others (7.5%). In the same year, diabetes was the sixth leading cause of death in 

Texas.
231

 As mentioned earlier, Texas Medicaid has a preponderance of minorities (i.e., 
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Hispanics and African-Americans) who have a higher prevalence of diabetes; thus, it is 

reasonable to expect a higher prevalence of diabetes in the Medicaid prescription claims 

database than the statewide prevalence of diabetes in Texas.  

 

3.2.4    Study Population  

Patients enrolled in Texas Medicaid during the period January 1, 2002 through 

December 31, 2009 constituted the base population. The study population was composed 

of patients who filled at least two prescriptions for either an antidepressant agent or a 

benzodiazepine between January 1, 2002 through December 31, 2009 (the observation 

period). The index date was defined as the date of the first prescription of an 

antidepressant or a benzodiazepine. The period January 1, 2001 to December 31, 2001 

was the pre-index period for first year of the observation period (2002).  

The following were the inclusion criteria for the study population: 

 

1. Aged 18-64 years at index. 

2. Enrolled continuously for at least 12 months (365 days) before the index date and 

12 months after the index date. 

3. At least two claims of benzodiazepines or antidepressant agents between January 

1, 2002 and December 31, 2009. 

 



 

 132 

3.2.5    Study Cohorts  

  Two cohorts were created from the main study sample based on whether they 

were users of antidepressants or benzodiazepines (i.e., based on exposure status). The 

first cohort was composed of patients prescribed antidepressants (exposed cohort) and the 

second cohort was composed of patients prescribed benzodiazepines (unexposed cohort) 

[See Fig. 3.1].  

  The exposed cohort consisted of patients prescribed the following antidepressant 

agents: tricyclic antidepressants (TCAs), selective serotonin re-uptake inhibitors (SSRIs), 

serotonin-norepinephrine reuptake inhibitors (SNRIs), and Other antidepressants. The 

category of Other antidepressants was composed of tetracyclic antidepressants 

(maprotiline), monoamine oxidase inhibitors (MAOIs), bupropion, nefazodone, 

reboxetine, and trazodone. Cohort entry was defined as the date of the first prescription of 

an antidepressant (index date). 

The unexposed cohort was composed of patients prescribed the following 

benzodiazepines: alprazolam, bromazepam, chlordiazepoxide, diazepam, estazolam, 

flurazepam, lorazepam, nitrazepam, oxazepam, temazepam, and triazolam. Patients 

exposed to benzodiazepines were chosen for three reasons. First, benzodiazepines have 

not been shown to be associated with the development of diabetes. Second, patients on 

benzodiazepines may have similar medical profiles as patients receiving antidepressants 

as they are more likely to be receiving other psychotropic drugs than other patient 

groups.
232

 Third, patients on benzodiazepines were successfully used as a comparison 

group in recent retrospective cohort studies evaluating the association between 1) use of 
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antipsychotic agents and the risk of diabetes,
25

 and 2) use of antidepressants and the risk 

of developing diabetes.
11

 Cohort entry was defined as the date of the first prescription of 

a benzodiazepine (index date). The incidence of diabetes in this cohort served as a 

representation of the background incidence of diabetes in patients with mental health 

conditions.  

3.2.5.1    Inclusion/Exclusion Criteria for Study Cohorts 

In addition to the inclusion/exclusion criteria for the study population, the 

following applied to the study cohorts based on the two study designs (retrospective 

cohort and nested case-control): 

Retrospective Cohort Design 

 

Exposed cohort (Antidepressant users) 

1. Filled at least one prescription of an antidepressant within six months (180 days) 

of initiation (index date) [i.e., two prescriptions in six months including the index 

prescription]. 

2. Did not fill a prescription for an antidepressant during the 12 months (365 days) 

before the index date. 

3. Did not fill a prescription for antidiabetic medication(s) (e.g., glyburide, 

metformin, insulin) in the 12 months (365 days) prior to the index date. 

4. Patients who switched therapy after the index date were deemed to have received 

the antidepressant agent filled at index (intention-to-treat). 
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5. Patients who filled a prescription for a benzodiazepine and an antidepressant 

agent at index were deemed to be antidepressant users. 

Unexposed cohort (Benzodiazepine users)  

1. Filled at least one prescription for a benzodiazepine within six months (180 days) 

of initiation (index date) [i.e., two prescriptions in six months including the index 

prescription].  

2. Did not fill a prescription for a benzodiazepine agent during the 12 months before 

the index date. 

3. Did not fill a prescription for antidiabetic medication(s) (e.g., glyburide, 

metformin, insulin) in the 12 months (365 days) prior to the index date. 

4. Did not fill a prescription for an antidepressant during the pre-index period and at 

index. 

5. Patients who switched therapy after the index date were deemed to have received 

the benzodiazepine filled at index (intention-to-treat). 

 

Nested Case-Control Design 

The nested case-control analysis was performed using the entire study sample 

(antidepressant users and benzodiazepine users) and using the exposed cohort 

(antidepressant users). To allow comparisons of the findings between the two designs, the 

inclusion/exclusion criteria for both approaches were the same as outlined under the 

retrospective cohort design (Phase III).  
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3.3    STUDY ENDPOINTS 

The primary outcome of the study was the development of diabetes measured by 

filling a prescription for an oral antidiabetic agent (e.g., glyburide, metformin) during the 

follow-up period. This definition was adopted because most patients who develop 

diabetes will ordinarily require drug therapy. In the survival analysis, time to 

development of diabetes was the primary outcome. Patients were censored if they 

reached the end of follow-up without developing diabetes or if they temporarily 

discontinued the study medication. Discontinuation of the study medications was defined 

as having greater than a 180-day gap between subsequent prescriptions. Furthermore, the 

use of antidepressant agents in the benzodiazepine group constituted censoring, but use of 

a benzodiazepine in the antidepressant group did not constitute censoring since 

benzodiazepines are considered to have no diabetogenic effects. In the nested case-

control design, patients who developed diabetes during the follow-up period were 

identified as cases. As will be explained later, each case was matched (on age [2 years] 

and gender) with patients in the same cohort who had not developed diabetes at the time 

the case developed diabetes.   

 

3.4    TIME FRAME 

The overall timeframe of the present study was the period from January 1, 2002 to 

December 31, 2009 (observation period). As noted earlier, the period January 1, 2001 to 

December 31, 2001 served as the pre-index period for the year 2002. The minimum 
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possible follow-up time was set at 12 months. Patients were allowed to enter the cohort 

any time from the beginning of the observation period to at least 12 months before the 

end of the study observation. Each index date was preceded by a 12-month pre-index 

period to establish if they met the inclusion/exclusion criteria. The last possible date of 

cohort entry was January 1, 2009. Therefore, the maximum observation period for the 

study was eight years. Because of the varied entry (open cohort) method of assembling 

the cohort, patients had different follow-up periods. The last possible date of follow-up 

was December 31, 2009. Figure 3.2 illustrates the study timeline. 
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 Figure 3.2    Study Timeline  
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3.5    STUDY PHASES 

As mentioned earlier, the study was composed of four phases. The following 

section describes the phases of the study in detail. 

3.5.1    Phase I: Population Demographic Characteristics and Drug Use Patterns 

In Phase I, the study population was described in terms of demographic 

characteristics, year of cohort entry, concomitant diabetogenic medication use, Chronic 

Disease Score, antidepressant utilization patterns, benzodiazepine utilization patterns, 

medication adherence and persistence, and treatment duration. 

3.5.2    Phase II: Survival Analysis: Time to occurrence of diabetes 

As noted earlier, all patients in the study sample had no history of use of 

antidiabetic medications as determined in the 12 months before cohort entry. Using a 

retrospective cohort design, patients were followed up from the index date until the 

occurrence of diabetes or censoring. The time to occurrence of diabetes (survival time) 

was compared between antidepressant users and benzodiazepine users, and among 

different antidepressant classes, using survival analysis. Survival time in a cohort study is 

the time that elapses from the first day of observation to the time an individual 

experiences an event of interest.
233

 Individuals who do not experience the event of 

interest before the end of the observation period have unknown survival times. In survival 

analysis, these patients are referred to as being censored.
233
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3.5.2.1    Survival Analysis  

Survival analysis is a technique used to make comparisons of the time to 

occurrence of events of interest (e.g., occurrence of diabetes) in two or more treatment 

groups.
234

 Employing this technique, survival functions are estimated using survival 

curves and regression models. The Kaplan-Meier estimator, the Life-table Method, and 

the Cox proportional hazards regression model are frequently used in the analysis of 

survival data.
233

 This study used the Kaplan-Meier Estimator to plot survival curves and 

the Cox proportional hazards regression model to quantify the hazards ratio for the 

development of diabetes associated with use of antidepressants. The following section 

describes the Kaplan-Meier method and the Cox proportional hazard regression model in 

detail. 

3.5.2.2    The Kaplan-Meier Method 

The Kaplan-Meier method (also known as the product-limit estimator) is 

frequently used to estimate survival functions in biomedical sciences.
233-234

 This method 

allows the computation and graphing of the survival function and testing the differences 

between survival functions of two or more treatment groups.
233

 Figure 3.3 below shows 

the Kaplan-Meier estimator, 

Figure 3.3    Kaplan-Meier Estimator 
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where       is the survival function (proportion of patients surviving after time t or 

proportion of patients with survival time greater than t) at time t,    is the time at which 

one or more individuals experience the event of interest,    is the number of individuals 

who experience the event of interest at   ,     is the number of individuals at risk at time 

  , and the quantity in the brackets is the conditional probability of surviving to time     , 

given that one survived to time    
233

  

However, the Kaplan-Meier estimator cannot quantify the effect of individual 

variables on survival time while controlling for other covariates.
235

 When interested in 

the effect of individual variables after controlling for other covariates, the Cox 

proportional hazards regression model is preferred.
233

 

  

3.5.2.3    The Cox Proportional Hazards Regression Model 

Before discussing the Cox proportional hazards regression model, the survival 

function, the hazard function, the hazard ratio, and the proportional hazard assumption 

will be defined.
233

  

 

The Survival Function 

The survival function defines the probability of an individual surviving past a 

given time. Figure 3.4 below defines the Survival Function,
233

 

Figure 3.4    Survival Function 
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where   (t) is the probability of having a survival time T greater than t.  

The Hazard Function 

The hazard is the short-term (instantaneous) probability that an individual will die 

(failure) within the next small interval of time, on the condition that the individual 

survived to the start of the interval.
236

 Figure 3.5 below defines Hazard Function,
233

 

Figure 3.5    The Hazard Function 

        
     

                

  
 

where h(t) is the hazard function, T is the survival time for an individual past t, t is the 

time when an event occurs, and     is the time interval after time t.  

Hazard Ratio 

When comparing the hazard functions of two or more treatment groups, the 

hazard ratio is used. Figure 3.6 defines the Hazard Ratio,
237

 

Figure 3.6    The Hazard Ratio 

      
     

     
 

where hi(t) is the hazard function for the active treatment group, and h0(t) is the 

corresponding hazard function for the reference treatment group. 
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The Proportional Hazards Assumption 

When comparing the hazards of two groups, we can set the hazards of the two 

groups at time t to be hi(t) and h0(t). The proportional hazards assumption implies that the 

ratio of the hazards in the two groups is the same throughout the follow-up time, as 

shown below in Figure 3.7,
235

 

Figure 3.7    Proportional Hazards Assumption 

 
     

     
   

where   is a constant. The proportional hazards assumption also implies that the hazard 

functions for the two groups have the same shape and should remain parallel for the 

entire follow-up time.
233

 

The hazard of an individual at any specified time during follow-up is therefore 

defined as shown in Figure 3.8 below, 

 

 

Figure 3.8    The Cox Hazards Regression Model 

                                     

where hi(t) is the hazard of individual i at time t, h0(t) is the baseline hazard (hazard 

function of an individual whose covariates all have values of 0), and        

                 is a linear function of a set of k fixed covariates. The Cox hazards 
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regression model, thus implies that the hazard (the probability of developing diabetes) for 

individual i at time t is the product of the baseline hazard and the exponentiated linear 

function of a set of k covariates.
233

 

Finally, the Cox proportional hazards regression model is defined as shown below 

in Figure 3.9,
235

 

Figure 3.9    Cox Proportional Hazards Regression Model 

     
     

     
                      

where hi(t) is the hazard at time t, h0(t) is the baseline hazard (i.e., the hazard for the 

comparison group), X indicates an independent variable in the model, and   is the 

regression coefficient for the corresponding independent variable. 

Regression of survival data is frequently performed using the Cox proportional 

hazards regression model.
238

  The model has become popular because it easily 

incorporates time-dependent covariates, is effective at controlling for nuisance variables, 

and can easily accommodate discrete and continuous measurement of event times.
233

  In 

this study, patients were followed from cohort entry until end of observation or 

occurrence of diabetes. Survival time was defined as the period from the first date of an 

index prescription to the first date of an antidiabetic prescription (outcome of interest) or 

end of follow-up. 
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3.5.3    Phase III: Incidence of Diabetes and Association of Diabetes With use of 

Antidepressants using a Retrospective Cohort Design 

In Phase III, the incidence of diabetes was examined using the retrospective 

cohort design. The following section provides a brief background of 

pharmacoloepidemiologic designs and a detailed description of the retrospective cohort 

design.  

3.5.3.1    Pharmacoepidemiologic Designs 

There are essentially two kinds of observational analytical study designs in 

epidemiology: the cohort design and the case-control design.
239

 However, in the past 50 

years several variants of these two designs have emerged and they include the following: 

case-cohort design, case-cross-over, case-time-control design, and the nested case-control 

design.
26, 168, 240-242

  

As discussed earlier, six epidemiological studies examining the association 

between the use of antidepressants and the development of diabetes have been published: 

four nested case-control designs;
9-10, 13-14

 one prospective cohort design;
12

 and one 

retrospective cohort design.
11

 The four nested case-control studies observed a significant 

association between use of antidepressants and the development of diabetes, while the 

two cohort studies did not. Furthermore, the limited number of studies evaluating the 

association between use of antidepressants and the development of diabetes makes it 

difficult to explain the source of the inconsistency in the findings. Nevertheless, it is 

apparent that the findings of an association between use antidepressant and diabetes may 
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be related to the design employed. To address this uncertainty, this study evaluated the 

association between antidepressant use and the development of diabetes using two study 

designs: retrospective cohort design and the nested case-control design. The following 

section describes in detail the retrospective cohort design that was used in this study. 

3.5.3.2    Retrospective Cohort Design 

The term cohort refers to a group of subjects with similar characteristics.
239

 A 

cohort analysis can be conducted prospectively or retrospectively. In a prospective cohort 

analysis, a group of subjects who have not experienced the outcome of interest are 

assembled at time zero and followed over a specified period of time until the onset of the 

outcome of interest.
168, 243

 The rate of disease in the exposed group is then compared with 

that in the unexposed group. In a prospective cohort study, the relevant exposures may or 

may not have occurred at the time the study begins, but the outcomes of interest have 

certainly not yet occurred.  By contrast, in a retrospective cohort study, both exposure 

and outcomes of interest have already occurred when the study begins.
168, 239

  

 Although prospective cohort studies are considered methodologically stronger in 

establishing a potential causal relationship, retrospective cohort studies are less 

expensive, less time consuming, and less logistically challenging.
168

 Furthermore, the 

availability of pharmacy and medical records on large number of patients has made 

retrospective cohort analysis using historical cohorts formed from computerized 

databases an essential technique in pharmacoepidemiology.
168

 The present study included 

a retrospective cohort method in Phases II and III of the study. The time to occurrence of 
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diabetes and the incidence of diabetes in patients exposed to antidepressants were 

compared to patients in the unexposed group (benzodiazepine users).  

 

3.5.4    Phase IV: The Incidence of Diabetes Associated with Antidepressant Agents 

using a Nested Case-Control Design 

Despite retrospective cohort designs being less expensive and less logistically 

challenging than prospective cohort designs, they are fraught with limitations common in 

cohort studies.
242

 In particular, it is difficult to control for time-dependent exposure 

measures. To address this constraint, two hybrid designs of cohort and case-control 

designs based on sampling within a cohort have been proposed and successfully applied 

in pharmacoepidemiology.
168, 242

 These two designs, the nested case-control and case-

cohort designs, permit the precise estimation of relative risks measures.
168

 However, the 

nested case-control design has been widely used because multivariate statistical analysis 

using standard techniques can easily be performed using available software packages for 

conventional matched case-control data.
168, 242

 This study used the nested design to 

evaluate the incidence of diabetes associated with use of antidepressants. The following 

section describes the nested case-control design in detail and how it was operationalized 

in this study.   

Design of nested case-control 

The nested case-control design ordinarily consists of four steps: (1) cohort time 

axis definition, (2) case definition and case selection, (3) risk set definition and formation 
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of cases, and (4) random selection of controls from each risk set.
26, 168, 242

 Similar to a 

prospective cohort study, the nested case-control study begins with a definition of the 

cohort. This includes a specific definition of time entry into the cohort, as well as strict 

eligibility criteria for subjects in the cohort.
26, 168, 242

 The second step consists of 

following the cohort to the outcome of interest. At the end of follow up, the researcher 

identifies cases that have already occurred (in the case of a retrospective nested case-

control study) or as they occur (in the case of a prospective nested case-control). The 

third step is formation of a risk set corresponding to the cases. The fourth step is 

randomly selecting controls for each risk set from individuals in the cohort who have not 

developed the disease of interest by the time of disease occurrence in the case. A cohort 

member who serves as a control at one point in time may later become a case and a 

cohort member may be selected as a control for more than one case.
26, 168, 242

  

Risk set definition 

A risk set at a specified time is was composed of of a case and corresponding non-

cases present in the cohort at the time the case becomes diseased.
168, 242

 All subjects who 

have not developed the disease at the time of disease occurrence in the case are included 

in the corresponding risk set and can be randomly selected as a control for the case. A 

future case is eligible to be a control for a prior case and a subject may be selected as a 

control more than once. Because the risk set is defined by the time the case becomes a 

case, all members of the risk set are matched to the case according to time on the time 

axis (i.e., matched on survival time).  This type of sampling is referred to as risk-set 
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sampling.
168, 242

 Furthermore, selected potential confounding factors (e.g., age, sex, 

race/ethnicity) can be used as additional matching variables for cases with controls in the 

risk set. However, matching for a confounding factor means that its effect cannot be 

evaluated in the analysis.
168

  Figure 3.10 provides a diagrammatic illustration of a risk 

set.  

Figure 3.10    Definition of Risk Sets using a hypothetical cohort  
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In Figure 3.10, twelve subjects were enrolled into a cohort and were followed up 

until the end of study. Four subjects developed the disease/outcome of interest. Thus, four 

risk sets can be created as shown below: 

1) Risk set for subject 1 will include subjects 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, and 12; 

2) Risk set for subject 5 will include subjects 6, 7, 8, 9, 10, 11, and 12; 

3) Risk set for subject 8 will include 9, 10, 11, and 12; 

and 

4) Risk set for subject 10 will include 11, and 12. 

Selection of controls  

After the risk set has been defined, controls for each case are randomly selected 

from the risk set corresponding to the case. Research has shown that there is little gain in 

selecting more than four controls per case.
244

 Random selection of controls from the risk 

set of each case, without replacement, is the preferred method of selecting controls 

compared to sampling with replacement, as it has greater statistical efficiency.
245

 

Futhermore, it is recommended to use exposure and covariate information for each non-

case selected from the corresponding case‟s risk set so that the variables reflect values at 

the time of selection.
245

 As mentioned earlier, a future case can be selected as a control 

for another case, and the same subject may serve as a control for more than one case 

provided that the subject is still in the cohort and has not experienced the outcome of 

interest.
26
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Advantages of the nested case-control design  

There are several advantages of a nested case-control design over a prospective 

cohort design.
26, 242

 First, the controls are from the same population as the cases. Second, 

confounding variables are controlled for simply by matching and thus avoids complex 

statistical techniques such as propensity scores, which ultimately achieve the same goal.
26

 

Third, potential confounding variables are better controlled through matching, including 

age, calendar time, and duration of exposure.  Fourth, drug exposure  with respect to time 

is quantified better because cases and controls are matched by time (survival time).
26

 

Finally, nested case-control designs are less expensive and collection and analysis of data 

are less time consuming.   

Cohort entry/selection 

The nested case-control analysis was performed using the entire study sample 

(antidepressant and benzodiazepine users) and using the antidepressant cohort only (See 

Fig. 3.1). Follow up extended from cohort entry (index date) until the first date of any of 

the following: new prescription of an oral antidiabetic agent; end of eligibility; or end of 

study period.  

Case definition and risk-set sampling 

Cases were defined as subjects who received at least one prescription of an oral 

antidiabetic agent in the period after cohort entry. The date of the first prescription of an 

antidiabetic agent was defined as the date of diabetes onset. The observed survival time 
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for each case was defined as the period between the date of the first prescription of an 

antidepressant agent (cohort entry, index date) and the date of the first prescription for an 

antidiabetic agent.  For each case, up to four control patients were randomly selected 

from the risk set of cohort members using the „greedy‟ method (without replacement).
246

 

Research indicates that there is minimal gain when matched controls exceed four.
168

  The 

risk set was composed of all patients newly initiated on index medications who had not 

developed diabetes by the observed survival time. Controls were matched to cases on age 

(2 years) and gender. In the nested case-control analysis within the exposed cohort, 

controls were assigned the date of diagnosis of diabetes of the corresponding case. The 

effects of matching variables cannot be examined, and thus they were not entered into the 

regression models.  

  Identification of exposure to antidepressants (Recency of antidepressant use) 

All prescriptions of antidepressants during follow-up were identified. Exposure 

was categorized as current use, former use, and non-use according to antidepressant use 

before the date of diabetes diagnosis. Controls were assigned the date of diabetes of the 

corresponding matched cases. Current use was defined as a prescription for an 

antidepressant agent that lasted into the 6-month period before the date of diabetes 

diagnosis. Former use was defined as prescription supply that ended more than 6 months 

before the date of diabetes diagnosis. Non-use was defined as the prescription supply that 

started after date of diabetes diagnosis. Figure 3.11 illustrates the different recency of 

antidepressant use categories. 
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Figure 3.11    Recency of antidepressant use categories   
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3.6    STUDY VARIABLES 

Figures 3.12 and 3.13 show the study models for the retrospective cohort design 

and the nested case-control design, respectively.  
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Figure 3.12    Study Model for the Retrospective Cohort Design  
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Figure 3.13    Study Model for the Nested Case-control Design  

 
a. Nested case-control within entire study cohort (Phase IV Part A) 
b. Nested case-control within exposed cohort (Phase IV Part B) 
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3.6.1    Dependent Variables 

3.6.1.1    Survival Time  

In phase II of the study, survival time was the primary dependent variable. 

Survival time was defined as the duration of time, in days, from the index prescription 

date to the first date of prescription of an antidiabetic medication (oral antidiabetic agent).  

3.6.1.2    Incidence of Diabetes 

The main purpose of phases III and IV of the study was to examine the incidence 

of diabetes between antidepressant users and benzodiazepine users and between current 

and former users of antidepressants. As mentioned earlier, diabetes was defined as a 

prescription claim of an oral antidiabetic medication during the follow-up period after the 

first date of an index medication (cohort entry). The date of the first prescription of an 

antidiabetic medication was considered the date of diagnosis of diabetes.  

To ensure that only new cases of diabetes were included, the study cohort only 

contained users of antidepressants or benzodiazepines without a history of diabetes as 

determined by the absence of prescriptions for antidiabetic medications in the 12 months 

before cohort entry. In addition, new cases of diabetes occurring within seven days after 

the index date were excluded, as they were not likely be related to the index medication. 

Although evidence from case reports suggest that glucose dysregulation start as early as 4 

days, it is unlikely that patients will be diagnosed of diabetes within one week of 

antidepressant therapy. Therefore, a one week washout period is appropriate.  
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3.6.2    Independent Variables 

Risk factors for developing diabetes were controlled for while examining the 

relationship between exposure to antidepressants and development of diabetes. These 

included primary medication variables (exposure status, recency of antidepressant use, 

and antidepressant class), clinical covariates (treatment duration, medication adherence, 

medication persistence, concomitant diabetogenic medications, Chronic Disease Score, 

and year of cohort entry), and demographic variables (age, gender, and race/ethnicity). 

The operational definitions for the individual independent variables are discussed in the 

following section.  

3.6.2.1    Primary Medication Variables 

Use of antidepressants, benzodiazepines, concomitant diabetogenic medications, 

and other chronically prescribed medications were established using the AHFS, the NDC 

and the Generic Sequencing Number (GSN) codes.  

Exposure status (retrospective cohort design and nested case-control within the entire 

study cohort) 

As explained earlier, patients were classified into two cohorts depending on 

whether they were prescribed antidepressant agents or benzodiazepines. 
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Recency of Antidepressant use (for the nested case-control design within the exposed 

cohort) 

As mentioned earlier, in the nested case-control analysis within the exposed 

cohort, exposure to antidepressants was categorized into current use, former use, and 

non-use. Current use was defined as a prescription for an antidepressant agent that lasted 

into the 6-month period before the date of diabetes diagnosis. Former use was defined as 

prescription supply that ended more than 6 months before the date of diabetes diagnosis. 

Non-use was defined as the prescription supply that started after date of diabetes 

diagnosis. 

Antidepressant class 

Antidepressants were classified into four groups: tricyclic antidepressants 

(TCAs), selective serotonin re-uptake inhibitors (SSRIs), serotonin-norepinephrine 

reuptake inhibitors (SNRIs), and Other antidepressants. Table 3.1 shows the categories of 

and individual antidepressants which will be included in this study.  
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Table 3.1   Classification of FDA-approved antidepressant agents 

Tricyclic 

antidepressants 

Selective 

serotonin-

reuptake 

inhibitors 

Serotonin-

norepinephrine 

reuptake inhibitors 

Other 

antidepressants 

Amitriptyline  Citalopram  Desvenlafaxine Bupropion  

Amoxapine  Escitalopram  Duloxetine  Isocarboxazid 

Clomipramine  Fluoxetine  Venlafaxine Maprotiline 

Desipramine  Fluvoxamine   Mirtazapine 

Doxepin  Paroxetine   Nefazodone 

Imipramine Sertraline   Phenelzine  

Nortriptyline   Selegiline 

Protriptyline    Tranylcypromine 

Trimipramine    Trazodone 

 

Antidepressant agents 

Patients receiving antidepressants were classified according to whether they filled 

prescriptions of antidepressant agents listed in Table 3.1. The specific antidepressant 

agent variables were dichotomized with „1‟ indicating that the patient was prescribed a 

specific agent and „0‟ indicating that the patient was not prescribed a specific agent.  
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3.6.2.2    Clinical Covariates 

Treatment duration  

Duration of treatment was defined as the period from the index date to the date of 

the last prescription. The treatment duration variable was operationalized as both a 

continuous variable and categorical variable. As a continuous variable, treatment duration 

was measured in days of treatment from the index date. As a categorical variable, the 

duration of treatment was categorized as follows: short-term (<3 months); medium-term 

(3-12 months); and long-term (>12 months) use.
14

 In regression analyses, treatment 

duration was dichotomized as ≤ 365 days and  365 days.  

Medication Adherence and Persistence 

In pharmacoepidemiological studies using automated databases, exposure to 

drugs is often inferred from prescriptions filled.
168, 247

 The assumption made is that a 

patient who fills a prescription for a particular drug takes the drug as prescribed. Just as 

patients who do not take their medications do not get cured, patients who do not take 

their medications will not experience adverse effects of medications. Adherence to 

prescribed medications is therefore a useful proxy to measuring exposure to drugs.
168

 In 

addition, medication persistence is frequently computed alongside medication adherence 

to indicate how long patients remain on prescribed medications. In this study, medication 

adherence and persistence were measured and used as covariates in the regression 

analyses examining the association between the use of antidepressants and the 

development of diabetes. 
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Medication adherence and persistence were computed for benzodiazepines and 

antidepressant agents. In situations where prescriptions for different dosage strengths of a 

drug were filled on the same day, all the prescriptions were considered to be part of the 

same prescription for purposes of measuring adherence and persistence. 

Medication Possession Ratio 

Adherence was assessed using the medication possession ratio (MPR).
248-249

 This 

method assumes that a patient who fills consecutive prescriptions consumed medications 

dispensed in the previous prescription filled. Adherence was assessed for the entire 

duration of treatment. An 80% cut-off was used to define adherence. The formula for 

calculating MPR is as shown in Figure 3.14 below, 

Figure 3.14    Medication Possession Ratio Calculation  

     
                                      

                                   
                                                               

 

 

Persistence 

Persistence was defined as the number of days of continuous drug use during the 

follow-up period.
250-252

 To account for early and delayed refills, a 1.5x (1.5x last days 

supply) gap period was allowed between prescriptions.
249

 For the 1.5x last days supply 

gap, patients receiving a 60-day supply, for example, were considered to have persisted 
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with therapy if they refilled their prescription within a 90 day (60 x 1.5) window from the 

date of the preceding prescription.  

Concomitant Diabetogenic Drugs 

A number of drugs have been shown to be risk factors for diabetes in 

epidemiologic and experimental studies. These drugs have a potential to confound the 

relationship between use of antidepressants and the development of diabetes. Thus, they 

were controlled for in the analysis. Diabetogenic drugs include: -blockers; β-blockers, 

alpha blockers, thiazide diuretics, carbamazepine, phenytoin, valproate, lithium, 

glucocorticoids, combined oral contraceptives containing norgesterol, and 

antipsychotics.
192-195

 The diabetogenic medication variables were dichotomized to 

indicate the presence or absence of any of the drugs listed above. The total number of 

concomitant diabetogenic medications was entered in the model as a continuous variable. 

Chronic Disease Score (Comorbidity Index) 

Comorbidity is an important confounder in epidemiologic studies.
168

 In the 

absence of detailed patient disease history as is often the case with automated 

prescription claims databases, comorbidity scores are frequently used as measures of 

health status and disease severity in epidemiologic studies.
253

 There are two types of 

comorbidity scores: diagnosis-based scores and prescription-medication based scores.
253-

254
 Diagnosis-based scores, as the name suggests, can only be used if diagnosis data are 

available in patient records. An example of a commonly used diagnosis-based score is the 
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Charlson Comorbidity Index.
255

 On the other hand, prescription medication-based scores 

are computed when prescription claims data are used in epidemiologic studies. An 

example of a prescription-medication based score is the Chronic Disease Score (CDS).
253

 

This study used a prescription claims database with no diagnosis data. Therefore, the 

Chronic Disease Score (CDS) was used as a measure of chronic disease status.
256

  

The CDS is a comorbidity index, weighted for disease severity, derived from 

medication data.
256

 It is also considered an indirect representation of overall health 

status.
253

 The CDS is calculated by assigning integer weights for each comorbidity 

category represented by selected medication classes. All the weights are then summed up 

to obtain an overall score. The Chronic Disease Score has become an indispensable 

measure in pharmacoepidemiologic studies and its validity and reliability has been 

evaluated in several studies.
253-254, 257-258

 The scoring rules developed by Von Korff et al. 

were used in this study.
256

 These rules are summarized in Table 3.2. 
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Table 3.2   Scoring rules for computing the Chronic Disease Score  

Chronic disease Medication class(es) Scoring rules 

Heart disease Class 1= Anticougulants, 

hemostatics 

Class 2 = Cardiac agents, 

ACE inhibitors 

Class 3=Loop diuretics 

One class = 3 

Two classes =  4 

Three classes = 5 

Respiratory illness Class 1= Isoproterenol  

Class 2=Beta-adrenergic, misc 

Class 3=Xanthine products 

Class 4=Respiratory products 

including bronchodilators and 

mucolytics but excluding 

cromolyn 

Class 5=Epinephrine  

 

One class = 2 

Two or more classes = 3 

Asthma, rheumatism Glucocorticoids  Score  = 3 

 

Rheumatoid arthritis  Gold salts Score = 3 

Cancer Antineoplastics Score = 3 

 

Parkinson‟s disease L-Dopa Score = 3 

 

Hypertension Class 1=Antihypertensives 

(except ACE inhibitors) or 

calcium channel blockers 

Class 2=Beta-blockers , 

Diuretics  

 

If class 1, score = 2 

 

If class 2 and not 1, score 

= 1   

Diabetes
a 
 Insulin  

Oral hypoglycemic 

 

Score = 2 

Epilepsy Anticonvulsants  Score = 2 

 

Asthma, rhinitis  Cromolyn  Score = 2 

 

Acne  Class 1=Antiacne tretinoin 

Class 2=Topical macrolides 

Either class with 2 or more 

prescriptions filled = 1 
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Table 3.2   Scoring rules for computing the Chronic Disease Score (continued) 

Chronic disease Medication class(es) Scoring rules 

Ulcers  H-2 antagonists, proton-pump 

inhibitors  

Score = 1 

 

Glaucoma  Ophthalmic miotics Score = 1 

 

Gout, hyperuricemia Uric acid agents  Score = 1 

 

High cholesterol Lipid-lowering drugs Score = 1 

 

Migraines  Ergot derivatives 

Triptans 

Score = 1 

 

Tuberculosis Antitubercular agents Score = 1 

 
 

Adapted from: Von Korff M, Wagner EH, Saunders K. A chronic disease score from automated pharmacy data. J 

Clin Epidemiology 1992; 45(2):197-203. 
a.  Prescriptions for diabetic medications filled before the index date will not be relevant in this study because 

patients with pre-existing diabetes will not meet the inclusion criteria of the study cohort. 

 

Using the scoring rules outlined above, a prescription of an illness-specific drug, 

such as L-dopa, was considered as an indication of the presence of that illness, in this 

case Parkinson‟s disease. All AHFS (American Hospital Formulary System) codes and 

Generic Sequencing Number codes in the Medicaid database were reviewed, and fitted as 

closely as possible to the categories in the CDS algorithm outlined in Table 3.2 above. 

The CDS was the sum of the weights corresponding to prescriptions of medications listed 

above. For example, an individual who filled prescriptions for an antiepileptic drug and a 

cancer drug was assigned a CDS score (2+3) of five.  

The original indication outlined in the algorithm was modified by including 

proton pump inhibitors for peptic ulcers and by changing the indication for methotrexate. 

Methotrexate was originally included as a cancer drug in the score but is now used more 
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frequently for rheumatoid arthritis. Therefore, methotrexate was categorized as a cancer 

drug in this study. Proton-pump inhibitors, which have largely replaced histamine-2 

receptor antagonists as first line agents in the treatment of ulcers, were included in the 

calculation of the CDS score. The CDS was computed using all the prescriptions in the 

12 months pre-index period. In regression analysis, the CDS was entered as a continuous 

variable. 

  Year of cohort entry 

The year in which a patient entered the study cohort was controlled for in the 

analysis. This was the calendar year in which the patient received the first prescription of 

an antidepressant or benzodiazepine as outlined earlier. The year of cohort entry variable 

values included: 2002; 2003; 2004; 2005; 2006; 2007; and 2008.  

 

 

 

 

 

 

3.6.2.3    Demographic Variables 

Age 

The prevalence of diabetes has been shown to increase with age.
259-260

 The age for 

each subject was the age in years at the time of the first prescription for an index 
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medication. Age was treated both as a continuous variable and as a categorical variable. 

The following age categories were used: 18-30; 31-45; 46-64. 

Gender 

In the adult population, the prevalence of diabetes is higher in females than in 

males.
259-260

 Gender was characterized by a dichotomous variable: „male‟ or „female.‟  

Race/ethnicity 

According to the third National Health and Nutritional Examination Study 

(NHANES 111), African-Americans are 1.6 times and Mexican-Americans are 1.9 times 

as likely to have diabetes as Whites.
259-260

 Patients were categorized into the following 

racial/ethnic groups: White, Hispanic, African-American, and Others. 

3.6.3    Unavailable Variables 

The Medicaid pharmacy claims database does not include information on all 

relevant risk factors for diabetes. The following risk factors known to increase the risk of 

diabetes are not available in the prescription files: family history of diabetes, diagnosis, 

measures of weight, body mass index, central adiposity, and lifestyle factors: 

consumption of a high calorie diet, smoking, and physical activity. Failure to control for 

these factors could yield a biased estimate of the risk associated with antidepressant use.   

 Table 3.3 provides a summary of dependent and independent variables that were 

used in this study. Table 3.4 provides a summary of the operational definitions of the 

study variables. 
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Table 3.3   Summary of dependent and independent variables according to study 

design 

Study design  Dependent variable Independent variable 

Retrospective cohort Incidence of diabetes 

 

Time to occurrence 

of diabetes 

 

 

Primary medication variables 

Exposure status  

Antidepressant class 

 

Clinical Covariates 

Treatment duration  

Medication adherence 

Medication persistence 

Diabetogenic drugs 

Chronic Disease Score 

Year of cohort entry 

Dual exposure 

 

Demographic variables 

Age 

Gender  

Race/ethnicity 

Nested case-control Incidence of diabetes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Primary medication variables 

Exposure status
a
 

Recency of antidepressant use
b
 

Antidepressant class 

 

Clinical Covariates 

Medication adherence 

Medication persistence 

Diabetogenic drugs 

Chronic Disease Score 

Year of cohort entry   

Dual exposure 

 

Demographic variables 

Age (matching variable) 

Gender (matching variable) 

Race/ethnicity 

 

Risk-set defining variables 

Date of diabetes diagnosis 

Survival time 
 

a. Nested case-control within entire study cohort (Phase IV Part A) 
b. Nested case-control within exposed cohort (Phase IV Part B) 
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Table 3.4   Summary of operational definitions of study variables 

 
Variable Name  Operational Definition 

Dependent   

Retrospective cohort   

Incidence of  diabetes The proportion of patients prescribed antidiabetic medications after 

the index date 

0 = not prescribed antidiabetic medications 

1 = prescribed antidiabetic medications 

Time to occurrence of 

diabetes       

The period in days, between the first date of the index medication 

and the first date of a prescription for an antidiabetic medication 

(continuous) [survival time] 

Nested case-control  

Incidence of Diabetes See above 

 

Independent  

Retrospective cohort  

Exposure status 0=Benzodiazepine group (reference) 

1=Antidepressant group 

Antidepressant class 1=tricyclic  antidepressants (TCAs)[reference]  

2=selective serotonin reuptake inhibitors (SSRIs) 

3=serotonin norepinephrine reuptake inhibitors (SNRI) 

4=other antidepressants  

Treatment duration Continuous: Number of days of antidepressant/benzodiazepine 

treatment from index date to last date of index prescription plus last 

days supply 

Categorical: 

1=short term (<3 months) (reference) 

2=medium term (3-12 months) 

3=long term (>12 months) 

Age  Continuous: Age of the patient (in years) at the index date  

Categorical:  

0=18-30 (reference) 

1=31-45 

2=46-64 

Gender Gender of the patient at index date 

0=Male (Reference) 

1=Female  

Race/ethnicity 1=White (reference), 2=African American; 3=Hispanic; 4= other  

Medication adherence  Medication possession ratio (MPR) for the entire follow-up period 

Chronic Disease Score 

(CDS) 

 CDS at pre-index period (continuous) 

 

Diabetogenic medications  

Beta-blockers 

Thiazide diuretics 

0=not prescribed at index date or post-index period 

1=prescribed at index date or post-index period 
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Variable Name  Operational Definition 

Carbamazepine 

Phenytoin 

Valproate 

Lithium 

Corticosteroids 

Alpha-blockers 

Antipsychotics 

Year of cohort entry 0=2002(reference) 

1=2003  

2=2004 

3=2005 

4=2006 

5=2007 

6=2008 

Dual exposure Concurrent use of benzodiazepines and antidepressant agents at 

cohort entry 

Nested case-control  

Exposure status 

(entire study cohort) 

0=Benzodiazepine group (reference) 

1=Antidepressant group 

Recency of 

antidepressant exposure 

(exposed cohort) 

Former use: >6 months before date of diabetes diagnosis(reference) 

Current use: 0 to   6 months before date of diabetes diagnosis 

Antidepressant class 

(current use) 

1=tricyclic  antidepressants (TCAs)[reference]  

2=selective serotonin reuptake inhibitors (SSRIs) 

3=serotonin norepinephrine reuptake inhibitors (SNRI) 

4=other antidepressants  

Treatment 

duration/survival time  

Risk-set defining variable 

Age  See above (Matching variable) 

Gender See above (Matching variable) 

Race/ethnicity See above  

Medication adherence See above 

Chronic Disease Score See above 

Diabetogenic medications See above  

Year of cohort entry See above  

Dual exposure See above 

Date of diabetes 

diagnosis 

Date of first prescription for an oral antidiabetic medication  
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3.7    SAMPLE SIZE CALCULATIONS 

3.7.1    Retrospective Cohort Design 

To determine the sample size required for a cohort study, five parameters need to 

be specified: 1) the desired type I error rate, alpha (); 2) the desired type II error rate, 

beta (β); 3) the minimum effect size (i.e., the relative risk of disease in the exposed 

population important to detect); 4) the expected incidence of disease in the unexposed 

population; and 5) the number of the unexposed control subjects to be included in the 

study for each exposed study subject.
168

 In this study, the type I error rate (-level) was 

set at 0.05 for all statistical analyses. The maximum acceptable type II error (β-level) was 

0.2, which gives a minimum accepted power level of 0.8 (i.e., power = 1 – β). The chosen 

type I and type II error rates are the most commonly used in cohort studies.  

Based on current research, the relative risk of diabetes in patients treated with 

antidepressants compared to those not treated with antidepressants ranges from 1.05 – 

3.48.
11-15

 To be conservative, a minimum relative risk of 1.50 (i.e., 50 percent increase in 

the risk) would be expected in the development of diabetes in patients using 

antidepressants. In 2007, the incidence of diabetes among adults aged 18 years and older 

in the U.S. was estimated at 9.0 per 1,000 persons.
6, 261

 The incidence of diabetes in 

adults in Texas in 2007 ranged from 10.3 to 12.8 per 1,000 persons.
261

 Furthermore, the 

incidence of diabetes increases with age.
262

 An incidence of 12.8 per 1,000 was arbitrarily 

selected, as opposed to the national average, to reflect the study population. Finally, the 

ratio of exposed to unexposed (control) study groups was set at 1:1. 
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A number of different formulas have been used to calculate the sample size based 

on the five variables defined above. The most commonly used formula in cohort design 

was modified from the one proposed by Schlesselman and is shown in Figure 3.15 

below.
168, 263

   

Figure 3.15    Sample Size Formula 

  
 

         
            

 

 
                         

      

 
 

 

 

where p is the incidence of the disease in the unexposed, R is the minimum 

relative risk to be detected,  is the acceptable type I error rate, β is the acceptable type II 

error rate, Z1-/2 and Z1-β refer to the unit normal deviates corresponding to  and β, K is 

the ratio of number of control (unexposed) subjects to the number of exposed subjects, 

and U is defined as shown in Figure 3.16 below.
168

 

Figure 3.16    Definition of U in Sample Size Formula 

   
     

   
 

Given the above specified parameters, the number of subjects needed in 

comparison groups is 6,026. The total sample size required is 12,052 (Note: When R is 

varied, the total sample size required to detect an R=1.25 is 43,420; and for R=2.0, total 

sample size is 3,602).  
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3.7.2    Nested Case-Control Design 

To determine the sample size required for a case-control, five pieces of 

information need to be specified: 1) the desired type I error rate, alpha (); 2) the desired 

type II error rate, beta (β); 3) the minimum effect size (i.e., the odds ratio of disease in 

the exposed population important to detect [an approximation of the relative risk]); 4) the 

expected prevalence of exposure in the undiseased control group; and 5) the number of 

the undiseased control subjects to be included in the study for each diseased (case) study 

subject.
168

 In this study, the type error rate (-level) was set at 0.05 for all statistical 

analyses. The maximum acceptable type II error (β-level) will be 0.2, which gives a 

minimum accepted power level of 0.8 (i.e., power = 1 – β). The chosen type I and type II 

error rates are the most commonly used in case-control studies.  

Based on current research, the relative risk/odds ratio of diabetes in patients 

treated with antidepressants compared to those not treated with antidepressants ranges 

from 1.05 – 3.48.
11-15

 To be conservative, a minimum odds ratio of 1.5 (i.e., 50 percent 

increase in the risk) would be expected in the development of diabetes in patients using 

antidepressants. The prevalence of exposure to antidepressants in the control group was 

57 percent in another nested case-control study.
14

 Finally, the ratio of undiseased control 

subjects to diseased cases was set at 4:1. 

A number of different formulas have been used to calculate the sample size based 

on the five variables defined above. The most commonly used formula the case-control 

design is similar to the formula used in cohort design and is shown in Figure 3.17 

below.
168, 263
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Figure 3.17    Sample size formula for case-control design 

   
 

      
            

 

 
                

      

 
        

 

 

where p is the prevalence of the exposure in the control group, R is the minimum 

risk ratio to be detected,  is the acceptable type I error rate, β is the acceptable type II 

error rate, Z1-/2 and Z1-β refer to the unit normal deviates corresponding to  and β, K is 

the ratio of undiseased control subjects to diseased cases, and U is defined as shown in 

Figure 3.18 below. 

Figure 3.18    Definition of U in the Sample Size formula for Case-control design  

   
 

   
   

 

        
  

 and V is defined as shown in Figure 3.19 below, 

Figure 3.19    Definition of V in the Sample Size formula for Case-Control design  

   
  

        
 

Given the above specified parameters, the number of subjects needed in the 

disease group is 258, and the number of subjects in the control group is 1,032. (Note: 

When R is set at 1.25; the number of subjects needed in the diseased group is 811, and 

the number of subjects in the control group is 3,244.) 
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3.8    DATA COLLECTION 

Medicaid eligibility data was provided by the Department of Texas Health and 

Human Services Commission (THHSC). The eligibility data includes patient unique 

identifiers, gender, race/ethnicity, date of enrollment, and date of end of enrollment. The 

pharmacy claims data was collected, with the permission of the THHSC, from the 

University of Texas at Austin, which is licensed to use these data. The pharmacy claims 

data includes patient unique identifiers, age, gender, the National Drug Code (NDC) 

which identifies drug preparation, strength and manufacture, the Generic Sequencing 

Number (GCN) which identifies the drug preparation and strength (i.e., without regard to 

manufacture), the American Hospital Formulary Service (AHFS) number which 

identifies the therapeutic indication of each drug, the date a prescription was dispensed, 

the quantity of drug supplied, and the number of days supplied. The unique patient 

identifiers (de-identified unique numbers) were used to merge the two data files. 
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3.9    STATISTICAL ANALYSIS 

All data manipulation and statistical analyses were performed using SAS for 

Windows, Version 9.2 (SAS Institute, Cary, NC). Data were examined using frequencies, 

histograms, and box plots to check for data abnormalities and normality. Unless 

specified, all statistical analyses were two-tailed, with significance level set a priori at  

= 0.05.  

Differences in demographic and clinical variables were analyzed as follows. 

Categorical variables (gender and race/ethnicity) were examined using Pearson‟s Chi-

square tests.  Continuous variables (age, MPR, persistence, treatment duration, number of 

diabetogenic medications, and the Chronic Disease Score) were examined for normality 

and analyzed using the Student‟s t-test and analysis of variance (ANOVA). When the 

assumption of normality was violated, the variables were analyzed using the Wilcoxon 

signed-rank test (Mann-Whitney) or Kruskal-Wallis tests, respectively. Post-hoc tests 

were performed to investigate significant differences in ANOVA tests. Differences in 

survival time were examined using the Log-Rank Test (also known as the Mantel-

Haenszel test or Mantel-Cox test). The Kaplan-Meier Estimator was used to plot survival 

functions in stratified analysis.  

Finally, Cox proportional hazards regression, logistic regression, and conditional 

logistic regression analyses were performed while controlling for covariates.  All 

predictor variables entered in regression models were assessed for multicollinearity using 

tolerance, variance inflation factor, proportion of variance, and correlation coefficients. In 
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the Cox proportional hazards regression analysis, the proportionality of hazards 

assumption was tested in addition to multicollinearity tests.  

3.9.1    Objectives 1-5: Demographic Characteristics and Drug Use Patterns 

For Objective 1, bivariate analyses (t-tests and Chi-square) were conducted to 

compare the distribution of gender, race/ethnicity and year of cohort entry and mean age 

of the study population, stratified by exposure status (i.e., antidepressant users vs. 

benzodiazepine users). For Objective 2, chi-square tests were used to compare use of 

diabetogenic medications in the study sample when stratified by exposure status. For 

Objective 3, bivariate analyses (t-tests and ANOVA) were conducted to compare the 

number diabetogenic medications and the Chronic Disease Score when stratified by 

exposure status and antidepressant class. For objective 4, t-tests and ANOVA were 

performed to compare differences in treatment duration when stratified by exposure 

status and antidepressant class.  

 For Objective 5, bivariate analyses (t-tests, Chi-square, and ANOVA) were 

performed to compare mean MPR rates according to exposure status and antidepressant 

class. Medication adherence was categorized as follows: non-adherent, MPR=0 to <0.80; 

adherent, MPR>=0.80.  As with adherence, bivariate analyses was conducted to compare 

the mean persistence rates (t-tests and ANOVA) according to exposure status and 

antidepressant class. 



 

 178 

3.9.2    Objectives 6 and 7: Survival Analysis: Time to Occurrence of Diabetes 

Survival times for antidepressant users and benzodiazepine users and among 

antidepressant classes were compared using the Log-Rank test. The Kaplan-Meier 

Estimator was used to plot survival function curves stratified by exposure status and 

antidepressant class. Furthermore, the Cox proportional hazards regression model was 

used to compare survival time between antidepressant users and benzodiazepine users, 

among antidepressant classes, between antidepressant classes and benzodiazepines, and 

between selected antidepressant agents and benzodiazepines. The following variables 

were controlled for: demographic factors (age, gender, race/ethnicity), Chronic Disease 

Score, medication adherence, persistence, year of cohort entry, diabetogenic medications, 

and dual exposure.  

Twelve Cox proportional hazards regression models were used to compare 

survival time. Model 1 tested the hypothesis that survival time does not differ between 

antidepressant users and benzodiazepine users, after controlling for covariates. Models 2-

4 compared the survival times for SSRIs, SNRIs, and Other antidepressants with that of 

TCAs, after controlling for covariates. Models 5-8 compared the survival times for 

antidepressant classes (TCAs, SSRIs, SNRIs, and Other) with that of benzodiazepines, 

after controlling for covariates. Models 9-12 compared survival times for amitriptyline, 

escitalopram, sertraline, and trazodone with that of benzodiazepines, after controlling for 

covariates. 
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3.9.4    Objectives 8 to 10: Incidence of Diabetes 

Objective 8: Retrospective Cohort Design 

The incidence of diabetes was compared in the study cohort according to 

exposure status, antidepressant class, dual exposure, treatment duration, age, and gender 

using the Pearson Chi-square test. In addition, Logistic Regression Models with diabetes 

as an outcome variable were created to compare the incidence of diabetes between 

antidepressant users and benzodiazepine users, among antidepressant classes, between 

antidepressant classes and benzodiazepines, and between selected antidepressant agents 

and benzodiazepines. In addition, incidence of diabetes was compared between long-term 

and short-term treatment duration, and medium-term and short-term treatment duration. 

The following variables were controlled for: demographic factors (age, gender, 

race/ethnicity), treatment duration, medication adherence, persistence, Chronic Disease 

Score, diabetogenic medications, year of cohort entry, and dual exposure.  

Eleven models were used to examine the association between use of 

antidepressants and the development of diabetes. Model 1 tested the hypothesis that the 

incidence of diabetes does not differ between antidepressant users and benzodiazepine 

users, after controlling for covariates. Models 2 tested the hypothesis that the incidence of 

diabetes for SSRIs, SNRIs, and other antidepressant agents does not differ when 

compared to TCAs, after controlling for covariates. Models 3-6 compared the incidence 

of diabetes for antidepressant classes (TCAs, SSRIs, SNRIs, and other) with that of 

benzodiazepines, after controlling for covariates. Models 7-10 compared the incidence of 
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diabetes for amitriptyline, escitalopram, sertraline, and trazodone with that of 

benzodiazepines, after controlling for covariates. Finally, Model 11 tested the hypothesis 

that the incidence of diabetes does not differ according to treatment duration (short-term, 

medium-term, long-term), after controlling for covariates.  

The regression models shown in Figure 3.20, Figure 3.21, and Figure 3.22 formed 

the basis of the logistic regression analyses:
234

  

Figure 3.20    Regression Model 

    
  

    
 

where     is the estimated probability of individual i (i= 1, …, n) developing diabetes and 

u is the linear combination expressed as shown below in Figure 3.21, 

Figure 3.21    Definition of u for the Regression Model 

                       

With constant β0, coefficients βj and predictors Xj for k predictors (j= 1, 2…, k). 

The above linear regression equation creates the logit or log of odds (left hand side of the 

equation below in Figure 3.22): 

Figure 3.22    Logistic Regression Model 
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Thus, the linear regression equation is the natural logarithm (loge) of the 

probability of having diabetes divided by the probability of not having diabetes. 

Therefore, based on the above logistic regression equation, the odds of individual i 

developing diabetes, depends on the value of the constant β0, and the contribution of all 

the variables in the model. The above model was used to compare the incidence of 

diabetes by different treatment groups, after controlling for covariates.  

Objective 9: Nested case-control within the entire study cohort 

Comparisons of the incidence of diabetes between antidepressant users and 

benzodiazepine users, among different antidepressant classes, and between antidepressant 

classes and benzodiazepines was assessed using conditional logistic regression, while 

controlling for medication adherence (MPR), persistence, Chronic Disease Score, and 

diabetogenic medications, treatment duration, year of cohort entry, and dual exposure. 

The conditional logistical regression model is similar to the conventional logistic 

regression model except that it accounts for the matching in the study sample. Age and 

gender were matching variables. The effect of these variables therefore could not be 

examined in the regression analysis.  

Eight models were created to examine the association between use of 

antidepressants and the development of diabetes. Model 1 tested the hypothesis that the 

incidence of diabetes does not differ between antidepressant users and benzodiazepine 

users, after controlling for covariates. Models 2-4 compared the incidence of diabetes for 

SSRIs, SNRIs, and Other antidepressants with that of TCAs, after controlling for 
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covariates. Models 5-8 tested the hypothesis that the incidence of diabetes for 

antidepressant classes (TCAs, SSRIs, SNRIs, and Other) does not differ when compared 

to benzodiazepines, after controlling for covariates.  

Objective 10: Nested case-control within the exposed cohort  

For the nested case-control within the exposed cohort, eight regression models 

were constructed. Model 1 tested the hypothesis that the incidence of diabetes does not 

differ between current and former users of antidepressant agents, after controlling for 

covariates. Models 2-4 compared the incidence of diabetes for SSRIs, SNRIs, and Other 

antidepressants with that of TCAs, after controlling for covariates. Models 5-8 compared 

the incidence of diabetes for current users of different antidepressant classes (TCAs, 

SSRIs, SNRIs, and other) and that of former users, after controlling for covariates.  

Table 3.5 provides a summary of study hypotheses and statistical techniques.  
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Table 3.5   Summary of Hypotheses tested, Study Measure(s), and Statistical Techniques 

Hypothesis  Study 

Phase 

DV Measurement 

level 

IV Measurement 

level 

Test 

Objective 1: To determine whether  

demographic characteristics and year of 

cohort entry differ when stratified by 

exposure status. 

Phase I      

H0 (1a) :Mean age  will not differ  

significantly when stratified by exposure 

 status 

 Age  

 

Continuous  Exposure status  Nominal  Student‟s t-

test 

H0(1b): The proportion of patients in each 

 gender category will not differ when 

stratified by exposure status.  

 Gender  Nominal  Exposure status  Nominal Pearson Chi-

square (
2
) 

H0(1c) : The  proportion of patients in each  

 race/ethnicity category will not differ when 

 stratified by exposure status. 

 Race/ethnicity Nominal  Exposure status Nominal  Pearson Chi-

square (
2
) 

H0(1d) : The proportion of patients in each 

 year of cohort entry will not differ when  

stratified by exposure status. 

 Year of cohort 

entry 

Nominal Exposure status Nominal Pearson Chi-

square (
2
) 

Objective 2: To determine whether the 

proportion of patients prescribed 

diabetogenic medications differs when 

stratified by exposure status and 

antidepressant class. 

Phase I      

H0 (2a-h) :The proportion of patients 

 prescribed diabetogenic medications (i.e.,  

alpha-1adrenergic blockers [H0(2a)],  

antipsychotics [H0(2b)], beta-2 adrenergic  

blockers [H0(2c)], carbamazepine [H0(2d)],  

norgesterol-containing oral contraceptives 

[H0(2e)],  phenytoin [H0(2f)], thiazide diuretics  

[H0(2g)], and valproic acid [H0(2h)]) will not 

 Diabetogenic 

medications 

Nominal  Exposure status  Nominal  Pearson Chi-

square (
2
) 
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 differ significantly when stratified by 

 exposure status. 

H0(2i):  The mean number of diabetogenic 

medications will not differ significantly 

when stratified by exposure status. 

 Number of 

diabetogenic 

medications 

Continuous  Exposure status  Nominal  Student‟s t-

test 

H0(2j):  The mean number of diabetogenic 

medications will not differ significantly 

when stratified by antidepressant 

class. 

 Number of 

diabetogenic 

medications 

Continuous  Antidepresant 

class 

Nominal  ANOVA 

Objective 3: To determine whether the 

Chronic Disease Score when stratified by 

exposure status and antidepressant class.  

Phase I      

H0(3a) : The Chronic Disease Score will  

not differ significantly when stratified  

by exposure status. 

 Chronic 

Disease Score 

Continuous  Exposure status Nominal  Student‟s t-

test 

H0(3b) : The Chronic Disease Score will  

not differ significantly when stratified by 

antidepressant class. 

 Chronic 

Disease Score 

Continuous  Antidepressant 

class 

Nominal  ANOVA 

Objective 4: To determine whether 

treatment duration differs when stratified by 

exposure status and antidepressant class. 

Phase I      

H0(4a):  Treatment duration will not differ 

 significantly when stratified by  

exposure status. 

 Treatment 

duration 

Continuous  Exposure status Nominal  Student‟s t-

test 

H0(4b):  Treatment duration will not differ 

 significantly when stratified by  

antidepressant class. 

 Treatment 

duration 

Continuous  Antidepressant 

class 

Nominal  ANOVA 

Objective 5: To determine whether 

medication adherence (MPR) and 

persistence differs when stratified by 

exposure status and antidepressant class. 

Phase I      

H0(5a) : Medication possession ratio   MPR Continuous Exposure status Nominal  Student‟s t-



 

 185 

(MPR) will not differ significantly when 

 stratified by exposure status  

test 

H0 (5b) : Medication possession ratio 

(MPR) will not differ significantly when 

 stratified by antidepressant class.  

 MPR Continuous  Antidepressant 

class 

Nominal ANOVA 

H0 (5c) : The proportion of patients who 

 are adherent  (MPR80%) will not differ  

significantly  when stratified  by exposure  

status  

 Proportion 

adherent  

Nominal  Exposure status  Nominal  Pearson Chi-

square (
2
) 

H0 (5d) : The proportion of patients who  

are adherent (MPR80%) will not differ  

significantly when stratified by  

antidepressant class.  

 Proportion 

adherent 

Nominal  Antidepressant 

class 

Nominal Pearson Chi-

square (
2
) 

H0(5e) : Persistence will not differ  

significantly when stratified by 

exposure status  

 Persistence Continuous Exposure status Nominal  Student‟s t-

test 

H0 (5f) : Persistence will not differ  

significantly when stratified by  

antidepressant class.  

 Persistence Continuous  Antidepressant 

class 

Nominal ANOVA 

Objective 6: To determine whether survival  

time differs when stratified by exposure 

status and antidepressant class. 

Phase 

II 

     

H0(6a)  : Survival time will not differ  

significantly when stratified by exposure 

status. 

 Survival time Continuous  Exposure status Nominal  Log-rank test 

Kaplan-Meier 

curves 

H0(6b)  : Survival time will not differ  

significantly when stratified by  

antidepressant class. 

 Survival time Continuous  Exposure status Nominal  Log-rank test 

Kaplan-Meier 

curves 

Objective 7: To determine whether survival 

time differs when stratified by exposure 

status and antidepressant class, while 

controlling for covariates. 

Phase 

II 

     



 

 186 

H0(7a)  : Survival time will not differ 

significantly when stratified by exposure 

status. 

 Survival time Continuous  Exposure status Nominal  Cox-

proportional 

regression 

analysis 

H0(7b-d)  :  Survival time will not differ 

significantly when stratified by 

antidepressant class (SSRIs (7b), SNRIs(7c), 

and Other(7d) vs. TCAs), while controlling 

for covariates. 

 Survival time Continuous  Antidepressant 

class  

Nominal  Cox-

proportional 

regression 

analysis 

H0(7e-h): Survival time will not differ 

 significantly between antidepressant classes 

(TCAs (7e), SSRIs(7f), SNRIs(7g), Other(7h))  

and benzodiazepines, while controlling for 

covariates.  

 Survival time Continuous  Antidepressant 

classes vs. 

benzodiazepines 

Nominal  Cox-

proportional 

regression 

analysis 

H0(7i-l): Survival time will not differ  

significantly between selected 

antidepressant agents (Amitriptyline(7i),  

Escitalopram(7j), Sertraline(7k), Trazodone(7l)) 

and benzodiazepines, while controlling for  

covariates.   

 Survival time Continuous  Antidepressant 

agents vs. 

benzodiazepines 

Nominal  Cox-

proportional 

regression 

analysis 

Objective 8:  Using a retrospective cohort 

design, determine whether the incidence of 

diabetes differs when stratified by exposure 

status, antidepressant class, and treatment 

duration while controlling for covariates. 

Phase 

III 

     

H0(8a)  : The incidence of diabetes will not 

differ significantly when stratified by 

exposure status. 

 Incidence of 

diabetes 

Nominal Exposure status Nominal Pearson Chi-

square (
2
)

*
 

Logistic 

regression 

H0 (8b-d): Incidence of diabetes will not differ  

significantly when stratified by 

antidepressant class (SSRIs(8b), SNRIs(8c),  

 Incidence of 

diabetes 

Nominal Antidepressant 

class 

Nominal Pearson Chi-

square (
2
) 

Logistic 
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Other(8d) vs. TCAs), while controlling for  

covariates. 

regression 

H0 (8e-h): Incidence of diabetes will not differ 

 significantly between antidepressant classes  

(TCAs (8e), SSRIs(8f), SNRIs(8g), Other(8h)) 

 and benzodiazepines, while controlling for 

 covariates. 

 Incidence of 

diabetes 

Nominal Antidepressant 

class vs. 

benzodiazepines 

Nominal Logistic 

regression 

 

H0 (8i-l) : Incidence of diabetes will not differ 

 significantly between selected 

 antidepressant agents (Amitriptyline(8i), 

 Escitalopram(8j), Sertraline(8k), 

 Trazodone(8l)) and benzodiazepines, while 

 controlling for covariates.   

 Incidence of 

diabetes 

Nominal Antidepressant 

agents vs. 

benzodiazepines 

Nominal Pearson Chi-

square (
2
)

*
 

Logistic 

regression 

H0 (8m-n): Incidence of diabetes will not differ 

 significantly when stratified by treatment 

 duration (medium-term vs. short-term (8m), 

long-term vs. short-term (8n)), while 

controlling for covariates. 

 Incidence of 

diabetes 

Nominal Treatment 

duration 

Nominal Pearson Chi-

square (
2
)

*
 

Logistic 

regression 

Objective 9: Using a nested case-control 

design, determine whether the incidence of 

diabetes in the entire study cohort differs 

when stratified by exposure status and 

antidepressant class, while controlling for 

covariates. 

Phase 

IV 

     

H0(9a)  :  The incidence of diabetes will not 

differ significantly when stratified by 

exposure status 

 Incidence of 

diabetes 

Nominal Exposure status Nominal Pearson Chi-

square (
2
)

*
 

Conditional 

logistic 

regression 

H0(9b-d)  :   Incidence of diabetes will not 

differ significantly when stratified by 

antidepressant class (SSRIs(9b), SNRIs(9c), 

 Incidence of 

diabetes 

Nominal Exposure status Nominal Pearson Chi-

square (
2
)

*
 

Conditional 
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*
Refers to bivariate analysis 

and Other(9d) compared with TCAs), while 

controlling for covariates. 

logistic 

regression 

H0(9e-h)  :    Incidence of diabetes will not 

differ significantly between antidepressant 

classes (TCAs(9e), SSRIs(9f), SNRIs(9g), 

Other(9h)) and benzodiazepines, while 

controlling for covariates 

 Incidence of 

diabetes 

Nominal Exposure 

status/antidepres

sant class 

Nominal Conditional 

logistic 

regression 

 

Objective 10: Using a nested case-control 

design, determine whether the incidence of 

diabetes in the exposed cohort differs when 

stratified by recency of antidepressant 

exposure (current vs. former), 

antidepressant class, and current 

antidepressant class use vs. former use, 

while controlling for covariates. 

Phase 

IV 

     

H0(10a)  :  The incidence of diabetes will not 

differ significantly when stratified by 

recency of antidepressant exposure 

 Incidence of 

diabetes 

Nominal Recency of 

antidepressant 

Exposure 

Nominal Pearson Chi-

square (
2
)

*
 

Conditional 

logistic 

regression 

H0(10b-d)  :   Incidence of diabetes will not 

differ significantly when comparing 

different antidepressant classes (SSRIs(10b), 

SNRIs(10c), Other(10d) compared with TCAs), 

while controlling for covariates. 

 Incidence of 

diabetes 

Nominal Antidepressant 

class 

Nominal Pearson Chi-

square (
2
)

*
 

Conditional 

logistic 

regression 

H0(10e-h)  :   Incidence of diabetes will not 

differ significantly between current use of 

 antidepressant classes (TCAs(10e), SSRIs(10f),  

SNRIs(10g), Other(10h)) and former use,  

while controlling for covariates. 

 Incidence of 

diabetes 

Nominal Current use of 

antidepressant 

classes vs. 

former use 

Nominal Conditional 

logistic 

regression 
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CHAPTER 4:  RESULTS 

CHAPTER OVERVIEW  

This chapter provides a detailed description of the results of the study, including 

descriptive statistics of the study sample and objective analyses. Using Texas Medicaid 

prescription records, patients with new prescription claims for antidepressant agents 

(exposed cohort) or benzodiazepines (unexposed cohort) were identified between January 

1, 2002 and January 1, 2009 and followed for at least 12 months up to December 31, 

2009, as depicted in Figure 3.2 of Chapter 3. The date of the first prescription claim of 

either an antidepressant agent or a benzodiazepine was selected as the index date. Patients 

were followed from the index date until the date of the first prescription claim of an 

antidiabetic medication (main study endpoint) or end of follow-up. In survival analysis, 

patients were censored if they did not experience the main outcome of interest (diabetes) 

by end of follow-up.  

The study was divided into four phases. Phase I described demographic 

characteristics, antidepressant and benzodiazepine use patterns, year of cohort entry and 

clinical covariates in the study cohort. Phase II described the time to occurrence of 

diabetes (survival time) in the study cohort using survival analysis. Phase III, described 

the incidence of diabetes in the study cohort using a retrospective cohort design. Finally, 

Phase IV described the incidence of diabetes in the study cohort using a nested case-

control design. Bivariate analyses were conducted comparing background variables 

(covariates) by exposure status and antidepressant class. In addition, logistic regression 
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analyses were conducted comparing the incidence of diabetes by exposure status, recency 

of antidepressant exposure, and antidepressant class while controlling for covariates. 

The study cohort consisted of 44,715 Texas Medicaid enrollees. The average 

follow-up period was 2.3 (SD=1.9) years. New users of antidepressant agents or 

benzodiazepines were included in the study. Patients were excluded if they 1) were aged 

less than 18 or greater than 64 years at index, 2) were not continuously enrolled 12 

months pre-index and 12 months post-index, 3) had one or more claims for the index 

medication during the 12 months pre-index period,  4) did not have at least one additional 

claim for the index medication within six months of the index date (i.e., those who had 

less than two  index medication claims in the first six months were excluded), 5) had less 

than 30 days of treatment duration of the index medication, and 5) had claims for 

antidiabetic medications or insulin during the 12 months pre-index period or within six 

days post-index. To allow for at least 12 months follow-up, the last possible date of 

cohort entry was January 1, 2009.   Figure 4.1 shows the study‟s exclusion criteria with 

the corresponding sample sizes after implementation of each criterion.  
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Figure 4.1 Flow diagram of the inclusion/exclusion criteria of the study population 

 

 

Patients who filled at least two prescriptions 

for an antidepressant agent or benzodiazepine 

agent during the study period  

 N=686,043 

 

New users of antidepressants or 

benzodiazepines 

N=363,216 

Patients who filled at least one additional 

prescription of index medications within 6 

months post index 

N=200,904 

Patients with continuous enrollment 12 

months pre-index and 12 months post index 

N=50,385 

Patients with no history of diabetes mellitus 

 

N=46,017 

Study sample 

 

N=44,715 

Excluded (N=12,598) 

 Patients who filled prescriptions for 

antidepressants or benzodiazepines 

at 12 months pre-index 

 

Excluded (N=162,312) 

 Patients who did not fill at least on 

additional prescription for index 

medications within 6 months post-

index 

 

Excluded (N=150,519) 

 Patients without 12 months 

continuous enrollment pre-index 

and post-index 

 

Excluded (N=150,519) 

 Patients without 12 months 

continuous enrollment pre-index 

and post-index 

 

Excluded (N=150,519) 

 Patients without 12 months 

continuous enrollment pre-index 

and post-index 
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Comparison of included and excluded patients based on 12-months pre-index and 12-

months post-index continuous enrollment 

Appendix D shows the demographic characteristics (age and gender) and exposure 

status for patients included (N=50,385) and those excluded (N=150,519) based on the 

pre- and post-index 12 months continuous enrollment criterion. Although there were 

statistically significant differences (p<0.0001) between the included and excluded 

patients, these differences may not be practically significant. Patients included (Mean 

age=40.6; SD=14.4) due to meeting the continuous enrollment criterion were older than 

those who were excluded (Mean age=38.2; SD=13.2). Excluded patients (73.4%) were 

more likely to be female than included patients (68.5%). In addition, excluded patients 

(75.1%) were more likely to be antidepressant users than those included (69.7%).   

Study results presentation 

The results of the study are presented in order of the study objectives and 

corresponding hypotheses in accordance with the four study phases, i.e.: 

 Phase I: Demographic characteristics and clinical covariates (Objectives 1 – 5); 

 Phase II: Survival Analysis: Time to occurrence of diabetes (Objectives 6 and 7); 

 Phase III: Incidence of diabetes using a retrospective cohort design (Objective 8); 

 Phase IV: Incidence of diabetes using a nested case-control design (Objectives 9 

and 10). 
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4.1    PHASE I: DEMOGRAPHIC CHARACTERISTICS AND CLINICAL COVARIATES 

Three categories of independent study variables as depicted in Figure 3.12 in 

Chapter 3 were examined: demographic variables, primary medication variables, and 

clinical variables. The demographic variables examined included age, gender, and 

race/ethnicity of the study population. Primary medication variables were composed of 

exposure status and antidepressant class. Clinical variables included medication 

adherence (i.e., Medication Possession Ratio, MPR), persistence, use of diabetogenic 

medications, Chronic Disease Score, treatment duration, and dual exposure.  

Exposure status, and antidepressant and benzodiazepine utilization patterns are 

discussed first as patients were categorized based on their exposure status at index. This 

is followed by a comparison of demographic characteristics and year of cohort entry 

between the exposed (antidepressant users) and unexposed groups (benzodiazepine 

users). This section concludes with a discussion of concomitant diabetogenic medication 

use patterns, Chronic Disease Score, treatment duration, medication adherence, and 

persistence.    
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4.1.1    Exposure Status and Antidepressant and Benzodiazepine Utilization Patterns 

Antidepressant and benzodiazepine utilization patterns in the study cohort are 

shown in Tables 4.1 through 4.3.   

Table 4.1   Exposure status in the study cohort (N=44,715) 

Exposure status  N % 

 

Exposed (Antidepressant users) 35,552 79.5 

Unexposed (Benzodiazepine users)    9,163 20.5 

Total  44,715       100.0 

Use of both antidepressants and benzodiazepines at 

index (i.e., dual exposure) 
  6,251         14.0 

Use of either antidepressants or benzodiazepines at 

index 
38,464         86.0 

Total  44,715       100.0 

  

 Table 4.1 shows the exposure status in the study cohort. The majority of patients 

(79.5%) in the study cohort were exposed to antidepressant agents while 20.5 percent 

were unexposed (benzodiazepine users). Of the total study sample, 14.0 percent of 

patients had prescription claims for both antidepressants and benzodiazepines at index. 

These patients were classified as exposed to antidepressant agents (exposed group). A 

variable indicating use of both antidepressants and benzodiazepines was used as covariate 

in regression analyses.   

Table 4.2 shows the frequency distribution of index antidepressant classes and 

antidepressant agents in the study cohort. More than half (53.2%) of patients in the 

exposed group were prescribed selective serotonin-reuptake inhibitors (SSRIs), followed 

by Other antidepressants (21.3%), serotonin norepinephrine reuptake inhibitors (SNRIs, 

13.5%), and tricyclic antidepressants (TCAs, 11.9%). The most commonly used 
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antidepressant agents in the study cohort were sertraline (16.5%), escitalopram (16.0%), 

and trazodone (10.6%). Among TCAs, amitryptyline (72.0%) was the most commonly 

used while sertraline (30.9%) and escitalopram (30.1%) were the most commonly used 

among SSRIs. Venlafaxine (50.1%) and duloxetine (43.8%) were the most commonly 

used among SNRIs. Lastly, among Other antidepressants, trazodone (49.6%) and 

bupropion (35.7%) were the most commonly used.    

Table 4.3 shows the frequency distribution of index benzodiazepines in the study 

cohort. The majority of patients in the benzodiazepine group received prescriptions for 

alprazolam (46.6%). Other commonly prescribed benzodiazepines included lorazepam 

(21.6%), clonazepam (14.9%), and diazepam (14.2%).  
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Table 4.2   Frequency distribution of index antidepressant agents and  

antidepressant classes in the exposed study cohort (N= 35,552) 

 

Drug class/name N % of Class 

Total 

% of Antidepressant 

Agents Total  

Antidepressant classes    

   TCAs  4,241            11.9 NA 

   SSRIs       18,913            53.2 NA 

   SNRIs 4,807            13.5 NA 

   Other 7,591            21.3 NA 

   Total       35,552            99.9 NA 

Antidepressant agents    

TCAs (Total)  4,241   

   Amitriptyline 3,054           72.0 8.6 

   Amoxapine        8             0.2 0.0 

   Clomipramine      43             1.0 0.1 

   Desipramine      43             1.0 0.1 

   Doxepin     321   7.6 0.9 

   Imipramine     277  6.5 0.8 

   Nortriptyline    480          11.3 1.4 

   Protriptyline      11 0.2 0.0 

  Trimipramine       4 0.1 0.0 

SSRIs (Total)      18,913   

   Citalopram        2,178         11.5 6.1 

   Escitalopram         5,701         30.1                16.0 

   Fluoxetine         2,797         14.8 7.9 

   Fluvoxamine  120           0.6 0.3 

   Paroxetine         2,263         12.0 6.4 

   Sertraline         5,854         31.0               16.5 

SNRIs (Total)        4,807   

   Desvenlafaxine  295           6.1 0.8 

   Duloxetine         2,104         43.8 5.9 

   Venlafaxine         2,408         50.1 6.8 

Other (Total)        7,591   

   Bupropion         2,712         35.7 7.6 

   Mirtazapine         1,085         14.3 3.1 

   Nefazodone    13           0.2 0.0 

   Phenelzine     1           0.0 0.0 

   Selegiline   11           0.1 0.0 

   Tranylcypromine    3           0.0 0.0 

   Trazodone       3,766         49.6                10.6 

Total      35,552           NA                99.9 
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Footnote for Table 4.2 on previous page: 

Note:  Percentages do not add up to 100.0% because of rounding error. Abbreviations: TCAs: tricyclic 

antidepressants; SSRIs: selective serotonin reuptake inhibitors; SNRIs: serotonin norepinephrine reuptake 

inhibitors. 

 

 

 

 

Table 4.3   Frequency distribution of index benzodiazepines in the unexposed study  

cohort (N= 9,163) 

 

Drug name N % 

Alprazolam  4,266        46.6 

Chlordiazepoxide      67          0.7 

Clonazepam          1,366        14.9 

Clorazepate   106          1.2 

Diazepam  1,301        14.2 

Estazolam         7          0.1 

Flurazepam      53          0.6 

Lorazepam           1,977        21.6 

Oxazepam    20          0.2 

Total         9,163      100.1 
Note:  No prescription claims were filled for temazepam and triazolam during the study period. 

Percentages do not add up to 100.0% because of rounding error. 
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4.1.2    Objective 1: Demographic Variables and Year of Cohort Entry 

Demographic characteristics available from the patient pharmacy claims and 

eligibility records were age, gender, and race/ethnicity. The year of cohort entry was 

determined from the date of the first claim of index medications. Table 4.4 shows t-test 

and chi-square comparisons of demographic characteristics and year of cohort entry 

between exposed and unexposed groups.  

Age by exposure status 

H0 (1a):  Mean age will not differ significantly when stratified by exposure status. 

The average age of patients in the study cohort was 38.6 (SD=14.2). As 

mentioned in the study inclusion criteria, patients were required to be aged at least 18 

years and not be older than 64 years at the index date. The majority (63.9%) of patients 

were aged between 31-64 years and 36.1 percent were aged 18-30 years.   A t-test 

analysis of age and exposure status revealed that patient age differed significantly by 

exposure status (t=29.7; d.f.=14,603; p<0.0001).  Patients in the unexposed group were 

older (Mean=42.4; SD=13.7) than patients in the exposed group (Mean=37.6; SD=14.1). 

In addition, a chi-square analysis showed that the proportion of patients aged between 46-

64 years was significantly higher (
2
=721.3; d.f.=2; p<0.0001) in the unexposed group 

(45.6%) than in the exposed group (32.8%). The exposed group (38.9%) had a higher 

proportion of patients aged 18-30 years than the unexposed group (25.2%).  

H0 (1a):      Rejected. 
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Gender by exposure status 

H0 (1b):    The proportion of patients in each gender category will not differ 

significantly when stratified by exposure status. 

The majority of patients were females (69.3%). A chi-square analysis of gender 

and exposure status revealed that patient gender differed significantly by exposure status 

(
2
=832.5; d.f.=1; p<0.0001). Patients in the exposed group were more likely to be 

female (72.5%) than patients in the unexposed group (56.9%).  

 H0 (1b):      Rejected. 

Race/Ethnicity by exposure status 

H0 (1c):  The proportion of patients in each race/ethnicity category will not differ 

significantly when stratified by exposure status. 

Race/ethnicity data was missing for about two-thirds (66.6%) of the study sample. 

Among those whose race/ethnicity data were available (N=14,948), the highest prevalent 

group were Whites (34.1%), Hispanics (32.9%) and African-Americans (32.3%). Asian-

Americans, Native Hawaiians/Pacific Islanders and American Indians/Alaska Natives 

constituted less than one percent of the sample (0.6%).   A chi-square analysis of 

race/ethnicity and exposure status revealed that patient race/ethnicity differed 

significantly by exposure status (
2
=105.4; d.f.=3; p<0.0001). Patients in the exposed 

group were more likely to be Hispanic (35.1% vs. 25.8%) and less likely to be White 

(33.0% vs. 37.8%) or African-American (31.3% vs. 35.9%) than patients in the 

unexposed group.  
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H0 (1c):      Rejected. 

Year of cohort entry by exposure status 

H0 (1d): The proportion of patients in each year of cohort entry will not differ 

significantly when stratified by exposure status. 

The majority (61.6%) of patients entered the cohort between 2002 and 2004. The 

highest proportion of patients entered the cohort in 2003 (25.7%) followed by 2002 

(20.0%) and 2004 (15.9%). The lowest proportion of patients entered the cohort in 2008 

(3.1%).  A chi-square analysis of year of cohort entry and exposure status revealed that 

the year in which patients entered the cohort differed significantly by exposure status 

(
2
=365.5; d.f.=6; p<0.0001). A higher proportion of patients in the exposed group 

entered the cohort in 2002 (21.0% vs. 16.0%) and 2003 (26.8% vs. 21.5%) than in the 

unexposed group while a higher proportion of patients in the unexposed group than the 

exposed group entered the cohort in 2004 (16.6% vs. 15.7%), 2005 (16.0% vs. 12.5%), 

2006 (13.2% vs. 11.5%), 2007 (12.5% vs. 9.6%) and 2008 (4.2% vs. 2.8%).  

H0 (1d):      Rejected. 
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Table 4.4   T-test and Chi-square comparison of demographic characteristics (age, gender, race/ethnicity) and year of  

cohort entry between exposed (antidepressant users) and unexposed (benzodiazepine users) groups (N=44,715)  

 

Variable  Total  (N=44,715) Exposed (N=35,552) Unexposed (N=9,163) Test- 

statistic 

d.f. p-value 

 Mean SD Mean SD Mean SD    

Age
a
 38.6 14.2 37.6 14.1 42.4 13.7 29.7 14,603 <0.0001 

 N % N % N %    

Age (years)
b
       721.3  2 <0.0001 

   18-30 16,138 36.1 13,830 38.9 2,308 25.2    

   31-45 12,743 28.5 10,069 28.3 2,674 29.2    

   46-64 15,834 35.4 11,653 37.8 4,181 45.6    

Gender
b
       832.5 1 <0.0001 

   Male 13,745 30.7   9,792 27.5 3,953 43.1    

   Female 30,970 69.3 25,760 72.5 5,297 56.9    

Race/Ethnicity
c
       105.4 3 <0.0001 

   White  5,097 34.1 3,790 33.0 1,307 37.8    

   African-American                         4,835 32.3 3,594 31.3 1,241 35.9    

   Hispanic 4,926 32.9 4,033 35.1    893 25.8    

   Other     90   0.6     72  0.6     18  0.5    

Year of cohort entry
b
       365.5 6 <0.0001 

   2002 8,947 20.0 7,480 21.0 1,468 16.0    

   2003  11,491 25.7 9,523 26.8 1,968 21.5    

   2004 7,105 15.9 5,589 15.7 1,517 16.6    

   2005 5,917 13.2 4,456 12.5 1,462 16.0    

   2006 5,317 11.9 4,103 11.5 1,216 13.2    

   2007 4,549 10.2 3,406  9.6 1,144 12.5    

   2008 1,389   3.1 1,001  2.8    388   4.2    
a. T-test. 
b. 2 –test. 
c. N =14,948; Excludes 29,767 patients (66.6%) whose race was unknown or missing. Sample with race/ethnicity data.
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4.1.3    Objectives 2 to 5: Clinical Variables 

Clinical covariates computed from the pharmacy claims were concomitant 

diabetogenic medication use patterns, Chronic Disease Score, medication possession ratio 

(MPR), persistence, and treatment duration. Descriptive statistics for each of the variables 

are discussed in the following section. Two other covariates, dual exposure and year of 

cohort entry, were discussed in earlier sections.    

 Concomitant Diabetogenic Medications (Objective 2) 

Several medications are known to increase the risk of diabetes and have a 

potential to confound the relationship between antidepressants and the development of 

diabetes. Overall, 74.9 percent of patients received at least one concomitant diabetogenic 

medication during the follow-up period. The frequency distribution of patients who had 

prescription claims for concomitant diabetogenic medications is shown in Table 4.5.  

 

Table 4.5   Frequency distribution of use of diabetogenic medications in the study 

 cohort (N=44,715) 

 

Number of diabetogenic medications N % 

   0 11,230 25.1 

   1 17,384 38.9 

   2 10,804 24.2 

   3     5,297 11.8 

Total 44,715         100.0 
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Diabetogenic medication use pattern by exposure status  

H0(2a-h):  The proportion of patients receiving diabetogenic medications (i.e., alpha-

1 adrenergic blockers [H0(2a)], antipsychotics [H0(2b)], beta-2 adrenergic 

blockers [H0(2c)], carbamazepine [H0(2d)], norgesterol-containing oral 

contraceptives [H0(2e)], phenytoin [H0(2f)], thiazide diuretics [H0(2g)], and 

valproic acid [H0(2h)]) will not differ significantly when stratified by 

exposure status.  

Table 4.6 shows the diabetogenic medication use pattern in the study cohort and 

chi-square comparison according to exposure status. Overall, antipsychotics (25.3%), 

beta-2 adrenergic blockers (18.9%) and thiazide diuretics (17.9%) were the most 

commonly used diabetogenic medications.  None of the patients had prescription claims 

for systemic corticosteroids and lithium during the study period (Note: Hypotheses for 

systemic corticosteroids and lithium were deleted). Chi-square analyses between each 

diabetogenic medication and exposure status revealed that use of all diabetogenic 

medication, except alpha-1 adrenergic blockers (p=0.6967), significantly differed by 

exposure status (p<0.0001).  Patients in the exposed group were more likely than those in 

the unexposed group to use antipsychotics (27.5% vs. 16.9%), beta-2 adrenergic blockers 

(19.4% vs. 17.2%), thiazide diuretics (18.6% vs. 15.3%) and norgesterol-containing oral 

contraceptives (1.2% vs. 0.4%). On the other hand, patients in the unexposed group were 

more likely than those in the exposed group to use phenytoin (7.1% vs. 4.6%), 

carbamazepine (4.6% vs. 3.3%) and valproic acid (2.2% vs. 1.3%).  

H0 (2a):        Not Rejected.           H0 (2b-h):      Rejected. 
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Table 4.6   Chi-square comparison of use of diabetogenic medications between exposed (antidepressant users) and  

unexposed (benzodiazepine users) groups (N=44,715) 

 

Diabetogenic 

medications 

Total (N=44,715) Exposed (N=35,552) Unexposed (N=9,163) 2
 p-value 

 N  N % N %  

Alpha-1 blockers   1,000   2.2    800   2.3    200   2.2    0.1   0.6967 

Antipsychotics  11,322 25.3 9,776 27.5 1,546 16.9   435.0 <0.0001 

Beta-blockers   8,469 18.9 6,888 19.4 1,581 17.2  21.3 <0.0001 

Carbamazepine   1,610   3.6 1,189   3.3    421   4.6 32.8 <0.0001 

Norgesterol     474   1.1    438   1.2     36   0.4 48.9 <0.0001 

Phenytoin    2,285   5.1 1,630  4.6    655   7.1 98.7 <0.0001 

Thiazide diuretics   8,000 17.9 6,602 18.6 1,403 15.3 52.6 <0.0001 

Valproic acid     650  1.4    451   1.3   199   2.2 41.5 <0.0001 

 

Note: Numbers represent row frequencies and percentages. Degree of freedom equal=1 for all chi-square tests.
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Number of Concomitant Diabetogenic Medications by exposure status  

 

H0 (2i):  Mean number of diabetogenic medications will not differ significantly 

when stratified by exposure status.  

Table 4.7 shows the Wilcoxon test and chi-square comparison of the number of 

concomitant diabetogenic medications according to exposure status. The mean number of 

concomitant diabetogenic medications used by patients in the study sample was 1.2 

(SD=1.0; Minimum=0; Maximum=7; Median=1.0). A Wilcoxon test showed significant 

differences between exposed and unexposed groups (p<0.0001). Patients in the exposed 

group (Mean=1.3; SD=1.0) used a higher number of diabetogenic medications than 

patients in the unexposed group (Mean=1.1; SD=1.0). A  

A chi-square analysis of number of diabetogenic medications by exposure status 

revealed that the number of diabetogenic medications differed significantly by exposure 

status (
2
=521.9; d.f.=3; p<0.0001). A higher proportion of patients in the exposed group 

used one (39.4% vs. 36.7%), two (25.0% vs. 20.8%), and three or more (12.7% vs. 8.6%) 

diabetogenic medications than the unexposed group. A higher proportion in the exposed 

group (77.1%) than in the unexposed group (66.1%) used at least one diabetogenic 

medication during follow-up (
2
=471.5; d.f.=1; p<0.0001).   

H0 (2i):        Rejected.
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Table 4.7   Wilcoxon test and chi-square comparison of number of diabetogenic medications between exposed  

(antidepressant users) and unexposed (benzodiazepine users) groups (N=44,715) 

 

Variable Total (N=44,715) Exposed (N=35,552) Unexposed (N=9,163) Test-

statistic 

d.f.  p-value 

Mean SD Mean SD Mean SD 

Mean (SD) 

diabetogenic 

medications
a
 

1.2 1.0 1.3 1.0 1.1 1.0 NA NA <0.0001 

 N % N % N %    

Number of 

diabetogenic 

medications
b
 

         

    0 11,230 25.1   8,125 22.9 3,105 33.9 521.9 3 <0.0001 

    1 17,384 38.9 14,022 39.4 3,362 36.7    

    2 10,804 24.2  8,899 25.0 1,905 20.8    

  3  5,297 11.8  4,506 12.7    791  8.6    

Number of 

diabetogenic 

medications
b
 

         

   0 11,230 25.1 8,125 22.9 3,105 33.9 471.5 1 <0.0001 

 1 33,485 74.9  27,427 77.1 6,058 66.1    

 
a. Wilcoxon test.   
b. 2 

–test. 

 

 

 

 

 

 



 

 207 

Number of Concomitant Diabetogenic Medications by antidepressant class 

 

H0 (2j):  Mean number of diabetogenic medications will not differ significantly 

when stratified by antidepressant class.  

Table 4.8 shows the ANOVA comparison of the number of concomitant 

diabetogenic medications according to antidepressant class. Oneway ANOVA revealed 

that the number of concomitant diabetogenic medications differed significantly by 

antidepressant class (F=69.7; d.f.=3;35,548; p<0.0001). A Kruskal-Wallis test also 

showed that the average number of concomitant diabetogenic medications differed 

significantly by antidepressant class (2 
=195.0; d.f.=3; p<0.0001). 

A Duncan post-hoc analysis revealed that the mean number of diabetogenic 

medications for patients prescribed Other antidepressant agents (Mean=1.4; SD=1.1) was 

significantly higher than for those prescribed TCAs (Mean=1.3; SD=1.0), SNRIs 

(Mean=1.3; SD=1.1), and SSRIs (Mean=1.2; SD=1.0). There was no significant 

difference in the average number of diabetogenic medications between patients 

prescribed TCAs and those prescribed SNRIs.  
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Table 4.8   ANOVA comparison of number of diabetogenic medications by  

antidepressant class (N=35,552) 

 

Antidepressant 

class
1
 

    N Mean  SD F-value d.f. p-value 

   TCAs
a
   4,241 1.3 1.0 69.7 3;35,548 <0.0001 

   SSRIs
b
 18,913 1.2 1.0    

   SNRIs
a
  4,807 1.3 1.1    

   Other
c 
  7,591 1.4 1.1    

1. Duncan post-hoc analysis: Like letters (a-c) indicate non-significant differences within antidepressant 

class. Kruskal-Wallis test showed significant differences among antidepressant classes (2
=195.0; 

d.f.=3; p<0.0001). 

Abbreviations: TCAs: tricyclic antidepressants; SSRIs: selective serotonin reuptake inhibitors; SNRIs: 

serotonin norepinephrine reuptake inhibitors. 

 

Table 4.9 shows the chi-square comparison of the proportion of patients who used 

at least one diabetogenic medication during follow-up by antidepressant class. A chi-

square analysis also revealed that concomitant use of diabetogenic medications differed 

by antidepressant class (2
=123.1; d.f.=3; p<0.0001).  Patients who were prescribed 

Other antidepressant agents (81.1%) were more likely to use concomitant diabetogenic 

medications than patients who were prescribed TCAs (78.5%), SNRIs (77.9%), and 

SSRIs (75.0%).  

H0 (2j):        Rejected. 

 

 

Table 4.9   Chi-square comparison of proportion of patients who used at least one  

diabetogenic medication during follow-up by antidepressant class (N=35,552) 

 

Antidepressant 

class 

    N
*
      n

#
 %      

2
 d.f. p-value 

   TCAs   4,241  3,331 78.5 123.1 3 <0.0001 

   SSRIs 18,913 14,190 75.0    

   SNRIs  4,807 3,747 77.9    

   Other  7,591 6,159 81.1    
Abbreviations: TCAs: tricyclic antidepressants; SSRIs: selective serotonin reuptake inhibitors; SNRIs: 

serotonin norepinephrine reuptake inhibitors.
*
N=row total; 

#
n=row frequency.  
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Chronic Disease Score (Objective 3) 

Disease severity and concomitant chronic diseases may increase the risk of type 2 

diabetes. The Chronic Disease Score was computed to represent disease severity and 

comorbidity in the study sample patients. Overall, 55.8 percent of the study sample had a 

Chronic Disease Score greater than or equal to 1.0. Table 4.10 shows the frequency 

distribution of the Chronic Disease Score in the study sample. 

 

 

Table 4.10   Frequency distribution the Chronic Disease Score in the study cohort  

(N=44,715) 

 

CDS score N % 

  0 19,776 44.2 

  1  2,870  6.4 

  2  9,843         21.2 

  3           5,001         11.2 

  4 2,708           6.1 

  5 2,613           5.8 

6 2,264           5.1 

Total         44,715       100.0 

 

Chronic Disease Score by exposure status 

 

H0 (3a):  The Chronic Disease Score will not differ significantly when stratified by 

exposure status.  

Table 4.11 shows Wilcoxon test and chi-square comparisons of the Chronic 

Disease Score by exposure status. The mean Chronic Disease Score in the study sample 

was 1.70 (SD=1.95; Median=1.0; Minimum=0; Maximum=15). A Wilcoxon test also 

showed that there was a significant difference in the Chronic Disease Score by exposure 



 

 210 

status (p=0.0002). The exposed group (Mean=1.68; SD=1.95) had lower Chronic Disease 

Scores than the unexposed group (Mean=1.75; SD=1.95). In addition, a chi-square 

analysis revealed that Chronic Disease Score differed by exposure status (2 
= 14.5; 

d.f.=1; p=0.0001). Patients in the exposed group (55.3%) were less likely to have chronic 

comorbidities than patients in the unexposed group (57.5%).  

 

H0 (3a):        Rejected. 

 

 

 

Table 4.11   Wilcoxon test and chi-square comparisons of Chronic Disease Score  

between exposed (antidepressant users) and unexposed (benzodiazepine users)  

groups (N=44,715) 

 

Variable Total 

(N=44,715) 

Exposed 

(N=35,552) 

Unexposed 

(N=9,163) 

Test 

statistic 

p-

value 

Mean SD Mean SD Mean SD 

Mean (SD) 

Chronic 

Disease Score
a
 

1.70 1.95 1.68 1.95 1.75 1.95 NA 0.0002 

 N % N % N %   

Chronic 

Disease Score
b
 

        

     0 19,776 44.2 15,885 44.7 3,891 42.5 14.5 0.0001 

   1 24,939 55.8 19,667 55.3 5,272 57.5   

 
a. Wilcoxon-test.    
b. 2 

–test. 
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Chronic Disease Score by antidepressant class 

H0 (3b): The Chronic Disease Score will not differ significantly when stratified by 

antidepressant class.  

Table 4.12 shows the ANOVA comparison of the Chronic Disease Score by 

antidepressant class. Oneway ANOVA revealed that the average Chronic Disease Score 

differed significantly across antidepressant classes (F=2.88; d.f.=3;35,548; p=0.0346). A 

Kruskal-Wallis test also showed that the average Chronic Disease Score differed 

significantly across antidepressant classes (2 
=8.56; d.f.=3; p=0.0357).  

A Duncan post-hoc analysis revealed that the Chronic Disease Scores for patients 

on TCAs and Other antidepressants were higher than the Chronic Disease Scores for 

patients on SNRIs. Patients on SNRIs had similar Chronic Disease Scores as patients on 

SSRIs. 

 

Table 4.12   ANOVA comparison of the Chronic Disease Score by antidepressant  

class (N=35,552) 

 

Antidepressant 

class
1
  

      N Mean  SD F-value d.f. p-value 

   TCAs
a
   4,241 1.70 1.97 2.88 3;35548 0.0346 

   SSRIs
a,b

 18,913 1.68 1.95    

   SNRIs
b
  4,807 1.63 1.93    

   Other
a
  7,591 1.73 1.97    

 
1. Duncan post-hoc analysis: Like letters (a-d) indicate non-significant differences between 

antidepressant classes. Kruskal-Wallis test showed significant differences among antidepressant 

classes (2 
=8.56; d.f.=3; p=0.0357). 

Abbreviations: TCAs: tricyclic antidepressants; SSRIs: selective serotonin reuptake inhibitors; SNRIs: 

serotonin norepinephrine reuptake inhibitors. 
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Table 4.14 shows the chi-square comparison of the proportion of patients with at 

least one chronic disease by antidepressant class. A chi-square analysis between 

frequency of Chronic Disease Score (chronic disease) by antidepressant class revealed 

that Chronic Disease Score did not differ by antidepressant class (2 
=5.21; d.f.=3; 

p=0.1567).  

H0 (3b):       Not Rejected. 

 

 

Table 4.13   Chi-square comparison of proportion of patients with at least one 

 chronic disease (CDS 1) by antidepressant class (N=35,552) 

 

Antidepressant 

class  

    N
*
      n

#
 %      

2
 d.f. p-value 

   TCAs   4,241 2,349  55.4 5.2 3 0.1567 

   SSRIs 18,913  10,415  55.1    

   SNRIs  4,807 2,622     54.5    

   Other  7,591 4,281     56.4    
 

Abbreviations: TCAs: tricyclic antidepressants; SSRIs: selective serotonin reuptake inhibitors; SNRIs: 

serotonin norepinephrine reuptake inhibitors. .
*
N=row total; 

#
n=row frequency. 
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Treatment Duration (Objective 4) 

The length of exposure to a risk factor is an important confounding factor when 

evaluating the relationship between a specific risk factor and an outcome of interest. 

Table 4.14 shows the frequency distribution of treatment duration in the study sample. 

The majority (68.8%) of patients used their index medications for more than 12 months 

(long-term treatment duration).   

 

 

Table 4.14   Frequency distribution of treatment duration in the study sample  

(N=44,715) 

 

Variable N % 

Treatment duration (categorical) months   

<6   5,619 12.6 

6 to ≤12    8,314 18.6 

>12 to ≤18    5,931 13.3 

>18 to ≤24   4,368   9.8 

>24 to ≤36   6,720 15.0 

>36  13,763 30.8 

Total 44,715         100.1 

Treatment duration (clinical practice-based)   

Short-term (3 months)   1,967   4.4 

Medium-term (3 to ≤ 12 months) 11,966 26.8 

Long-term (12  months) 30,782 68.8 

Total 44,715         100.0 
 

Note:  Percentages do not add up to 100.0% because of rounding error. 

 

Treatment duration by exposure status 

H0 (4a):  Treatment duration will not differ significantly, when stratified by 

exposure status.  

Table 4.15 shows the Wilcoxon test and chi-square comparison of treatment 

duration by exposure status. Overall, the mean treatment duration in the study sample 
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was 859.5 days (SD=682.3, [Mean=2.3 years; SD=1.9 years]; Median=645.0; 

Minimum=30.0; Maximum=2619.0). A Wilcoxon test showed a non-significant 

difference in treatment duration by exposure status (p=0.1937). A chi-square analysis 

also showed a non-significant relationship between treatment duration (dichotomized as 

≤365 days and  365 days) and exposure status (
2
=3.7; d.f. = 1; p=0.0550). 

 

H0 (4a):        Not Rejected. 
 

 

 

Table 4.15   Wilcoxon test and Chi-square comparison of treatment duration  

between exposed (antidepressant users) and unexposed (benzodiazepine users)  

groups (N=44,715) 

 

Variable Total 

(N=44,715) 

Exposed 

(N=35,552) 

Unexposed 

(N=9,163) 

Test-

statistic 

p-value 

Mean  SD Mean SD Mean SD 

Treatment 

duration
a
 

  859.5 682.3   854.1 677.2   880.3 701.4      NA 0.1937 

 N % N % N %   

Treatment 

duration 

>365 days
b 

 

30,782 68.8 24,550 69.0 6,232 68.0     3.7 0.0550 

 
a. Wilcoxon test. 
b.  2 

–test. 
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Treatment duration by antidepressant class 

H0 (4b):  Treatment duration will not differ significantly when stratified by 

antidepressant class.  

Table 4.16 shows the ANOVA comparison of treatment duration according to 

antidepressant class. Oneway ANOVA revealed that mean treatment duration differed 

significantly across antidepressant classes (F=96.1; d.f.=3; 35,548; p<0.0001). A 

Kruskal-Wallis test also showed that treatment duration differed significantly across 

antidepressant classes (2 
=323.6; d.f.=3; p<0.0001). A Duncan post-hoc analysis 

revealed that mean treatment duration for patients on SNRIs (Mean = 966.4; SD=703.0; 

Median=761.0) was the longest, followed by patients on Other antidepressants 

(Mean=880.9; SD=683.9; Median=678.0) and SSRIs (Mean=842.0; SD=673.3; 

Median=626.0). Patients on TCAs (Mean=732.9; SD=628.1; Median=511.0) had the 

shortest mean treatment duration. 

Table 4.16   ANOVA comparison of treatment duration among antidepressant  

classes (N=35,552) 

 

Antidepressant 

class
1 
 

    N Mean  SD F-value d.f. p-value 

   TCA
a,2

  4,241 732.9 628.1 96.1 3;35548 <0.0001 

   SSRI
b,3

  18,913 842.0 673.3    

   SNRI
c,4

  4,807 966.4 703.0    

   Other
d,5

  7,591 880.9 683.9    
 
1. Duncan post-hoc analysis: Like letters (a-d) indicate non-significant differences between 

antidepressant classes. Kruskal-Wallis test showed significant differences among antidepressant 

classes (
2 
=323.6; d.f. =3; p<0.0001). 

2. Median=511.0; Range=30 – 2604. 
3. Median=626.0; Range=30 – 2619. 
4. Median=761.0; Range=30 – 2615. 
5. Median=678.0; Range=30 – 261. 

Abbreviations: TCAs: tricyclic antidepressants; SSRIs: selective serotonin reuptake inhibitors; SNRIs: 

serotonin norepinephrine reuptake inhibitors. 
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Table 4.17 shows the chi-square comparison of the proportion of patients who were 

treated for more than 365 days by antidepressant class. A chi-square analysis between 

treatment duration and antidepressant class revealed that the proportion of patients treated 

for more than 365 days differed by antidepressant class (2 
=224.9; d.f.=3; p<0.0001). 

Patients treated with SNRIs (75.8%) were more likely to be treated for more than 365 

days than patients treated with Other antidepressants (70.8%), SSRIs (68.3%), and TCAs 

(61.7%).   

H0 (4b):        Rejected. 

 

 

Table 4.17  Chi-square comparison of proportion of patients who were treated for  

more than 365 days by antidepressant class (N=35,552) 

 

Antidepressant 

class  

N
*
 n

#
 %        

2
 d.f. p-value 

   TCAs 4,241 2,617 61.7 224.9 3 <0.0001 

   SSRIs  18,913  12,918 68.3    

   SNRIs 4,807 3,644 75.8    

   Other  7,591 5,371 70.8    
 

Abbreviations: TCAs: tricyclic antidepressants; SSRIs: selective serotonin reuptake inhibitors; SNRIs: 

serotonin norepinephrine reuptake inhibitors. .
*
N=row total; 

#
n=row frequency. 
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Medication adherence and Persistence (Objective 5) 

Medication taking behaviors can confound the relationship between exposure to a 

drug and the outcome of interest. In this study, medication adherence (MPR) and 

persistence were measured and used as covariates in regression analyses examining the 

association between use of antidepressants and the development of diabetes. Tables 4.18 

and 4.19 show medication adherence and persistence in the study sample.  

 

Medication Possession Ratio by exposure status  

H0 (5a):  Medication possession ratio (MPR) will not differ significantly when  

             stratified by exposure status. 

Table 4.18 shows the t-test and chi-square comparisons of MPR according to 

exposure status. The mean MPR in the study sample was 60.7 (SD=30.9).  Slightly over 

one-third (35.4%) of the study sample was adherent (MPR80%) to their study 

medications.  

A t-test analysis between MPR and exposure status revealed that mean MPR 

differed significantly by exposure status (t=38.4; d.f.=13,358; p<0.0001). A Wilcoxon 

test also showed a significant difference in MPR by exposure status (p<0.0001). Mean 

MPR was higher in the exposed group (Mean=63.7; SD=29.8) than in the unexposed 

group (Mean=49.2; SD=32.6). A chi-square analysis also showed a significant 

relationship between MPR (dichotomized as <80% and  80%) and exposure status 
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(
2
=637.8; d.f.=1; p<0.0001). A higher proportion of patients in the exposed group 

(38.3%) than in the unexposed group (24.1%) were adherent to their index medications. 

H0 (5a):        Rejected. 
 

 

 

Table 4.18   T-test and chi-square comparison of medication possession ratio (MPR)  

between exposed (antidepressant users) and unexposed (benzodiazepine users)  

groups (N=44,715) 

 

Variable Total 

(N=44,715) 

Exposed 

(N=35,552) 

Unexposed 

(N=9,163) 

Test 

statistic 

p-value 

Mean  SD Mean SD Mean SD 

Mean (SD) 

MPR
a
 

60.7 30.9 63.7 29.8 49.2 32.6 38.4 <0.0001 

 N % N % N %   

MPR80%
b
 15,830 35.4 13,617 38.3 2,213 24.1 637.8 <0.0001 

 
a. T-test: d.f.=13,358. Wilcoxon-test showed a significant difference between exposed and unexposed 

groups (p<0.0001). 
b.  2 

–test; d.f.=1. 

 

 

 

Medication Possession Ratio by antidepressant class  

H0 (5b):  Medication possession ratio (MPR) will not differ significantly when  

             stratified by antidepressant class. 

Table 4.19 shows the ANOVA comparison of MPR according to antidepressant 

class. Oneway ANOVA revealed that mean MPR differed significantly across 

antidepressant classes (F=38.5; d.f.=3; 35,548; p<0.0001). A Kruskal-Wallis test also 

showed that mean MPR differed significantly according to antidepressant class (2 

=123.5; d.f.=3; p<0.0001). A Duncan post-hoc analysis revealed that mean MPR for 
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Other antidepressants (Mean=65.7; SD=30.0) was the highest among antidepressant 

classes. TCAs had the lowest MPR (Mean=59.7; SD=29.6). There was no significant 

differences between mean MPR for SSRIs (Mean=63.5; SD=29.7) and SNRIs 

(Mean=64.5; SD=29.6).  

 

Table 4.19   ANOVA comparison of mean medication possession ratio (MPR) 

among antidepressant classes (N=35,552) 

  

Antidepressant 

class
1 
 

        N    Mean  SD F-value d.f. p-value 

TCAs
a,2

   4,241 59.7 29.6 38.5 3;35548 <0.0001 

SSRIs
b,3

 18,913 63.5 29.7    

SNRsI
b,4

   4,807 64.5 29.6    

Other
c,5

   7,591 65.7 30.0    
 

1. Duncan post-hoc analysis: Like letters (a-c) indicate non-significant differences between antidepressant classes. 
Kruskal-Wallis test showed significant differences among antidepressant classes (2 =123.5; d.f. =3; p<0.0001). 

2. Median=58.9; Range=2.5 – 100. 
3. Median=66.2; Range=2.8 – 100. 
4. Median=67.3; Range=3.3 – 100. 
5. Median=69.8; Range=2.1 – 100. 

Abbreviations: TCAs: tricyclic antidepressants; SSRIs: selective serotonin reuptake inhibitors; SNRIs: serotonin 

norepinephrine reuptake inhibitors. 

 

 

 

Table 4.20 shows the chi-square comparison of MPR80% according to 

antidepressant class. A chi-square analysis of MPR and antidepressant class revealed that 

MPR differed significantly by antidepressant class (
2
=109.9; d.f.=3; p<0.0001). Patients 

who received Other antidepressants (41.7%) had the highest proportion of patients who 

were adherent, followed by patients who were prescribed SNRIs (39.5%) and SSRIs 

(38.1%). Patients who received TCAs (32.0%) had the lowest proportion of patients who 

were adherent.   

H0 (5b):         Rejected. 
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Table 4.20   Chi-square comparison of frequency adherence (MPR80%) among  

antidepressant classes (N=35,552) 

 

Antidepressant 

class  

N
*
 n

#
 %        

2
 d.f. p-value 

   TCAs 4,241 1,359 32.0 109.9 3 <0.0001 

   SSRIs  18,913 7,198 38.1    

   SNRIs 4,807 1,897 39.5    

   Other  7,591 3,163 41.7    
 

Abbreviations: TCAs: tricyclic antidepressants; SSRIs: selective serotonin reuptake inhibitors; SNRIs: 

serotonin norepinephrine reuptake inhibitors. 
*
N=row total; 

#
n=row frequency. 

 

 

Persistence by exposure status 

H0 (5c):   Persistence will not differ significantly when stratified by exposure status.  

Table 4.21 shows the Wilcoxon test and chi-square comparison of persistence 

(1.5xdays supply gap) according exposure status. Mean persistence in the study sample 

was 255.8 (SD=383.5; Median=101.0) days.  About one-fifth (20.3%) of the study 

sample were persistent for more than 365 days.  

A Wilcoxon test showed a significant difference in persistence by exposure status 

(p<0.0001). Mean persistence was higher in the exposed group (Mean=267.6; SD=383.3; 

Median=117.0) than in the unexposed group (Mean=209.9; SD=380.7; Median=59.0). A 

chi-square analysis also showed a significant relationship between persistence 

(dichotomized as ≤365 days and >365 days) and exposure status (
2
=86.8; d.f=1; 

p<0.0001). A higher proportion of patients in the exposed group (21.2%) than in the 

unexposed group (16.8%) were persistent for more than 365 days. 

H0 (5c):        Rejected. 
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Table 4.21   Wilcoxon test and chi-square comparisons of persistence between  

exposed (antidepressant users) and unexposed (benzodiazepine users) groups  

(N=44,715) 

 

Variable Total 

(N=44,715) 

Exposed 

(N=35,552) 

Unexposed 

(N=9,163) 

Test 

statistic 

p-value 

Mean  SD Mean SD Mean SD 

Mean (SD) 

Persistence
a
 

255.8 383.5 267.6 383.3 209.9 380.7 NA <0.0001 

 N % N % N %   

Persistence 

>365 days
b
 

9,066 20.3 7,528 21.2 1,538 16.8 86.8 <0.0001 

 
a. Wilcoxon-test.  
b. 2 –

test. 

 

 

Persistence by antidepressant class 

H0 (5d):  Persistence will not differ significantly when stratified by antidepressant 

class.  

Table 4.22 shows the ANOVA comparison of persistence according to 

antidepressant class. Oneway ANOVA revealed that mean persistence differed 

significantly by antidepressant class (F=60.4; d.f.=3;35,548; p<0.0001). A Kruskal-

Wallis test also showed that mean persistence differed significantly by antidepressant 

class (2
=258.9; d.f.=3; p<0.0001). A Duncan post-hoc analysis revealed that mean 

persistence for SNRIs (Mean=297.0; SD=403.7; Median=136.0) and SSRIs 

(Mean=274.5; SD=390.8; Median=121.0) were significantly higher than those for Other 

antidepressants (Mean=271.4; SD=389.1; Median=118.0) and TCAs (Mean=196.7; 

SD=297.9; SD=90).  There was no significant difference between mean persistence for 
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SSRIs and SNRIs. Mean persistence for Other antidepressants was significantly higher 

than that for TCAs. 

 

Table 4.22   ANOVA comparison of mean persistence among antidepressant classes  

(N=35,552) 

 

Antidepressant 

class
1
 

N Mean SD F-value d.f. p-value 

   TCAs
a,2

   4,241 196.7 297.9 60.4 3;35548 <0.0001 

   SSRIs
b,3

 18,913 274.5 390.8    

   SNRIs
b,4

  4,807 297.0 403.7    

   Other
c,5

  7,591 271.4 389.1    
 
1. Duncan post-hoc analysis: Like letters (a-c) indicate non-significant differences between 

antidepressant classes. Kruskal-Wallis test showed significant differences among antidepressant 

classes (2
=258.9; d.f.=3; p<0.0001).  

2. Median=90.0; Range=1.0 – 2582.0. 
3.  

Median=121.0; Range=1.0 – 2558.0. 
4. Median=136.0; Range=1.0 – 2583.0. 
5. Median=118.0; Range=1.0 – 2681.0. 

Abbreviations: TCAs: tricyclic antidepressants; SSRIs: selective serotonin reuptake inhibitors; SNRIs: 

serotonin norepinephrine reuptake inhibitors. 

 

 

Table 4.23 shows the chi-square comparison of the proportion of patients who 

persisted for more than 365 days by antidepressant class. A chi-square analysis between 

persistence and antidepressant class revealed that the proportion of patients who persisted 

for more than 365 days differed by antidepressant class (2 
=155.7; d.f.=3; p<0.0001). 

Patients treated with SNRIs (24.7%), Other antidepressants (21.7%) and SSRIs (21.6%) 

were more likely to persist for more than 365 days than patients treated with TCAs 

(14.4%).   

H0 (5d):        Rejected. 
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Table 4.23   Chi-square comparison of proportion of patients who persisted for 

more than 365 days by antidepressant class (N=35,552) 

 

Antidepressant 

class  

N
*
 n

#
 %        

2
 d.f. p-value 

   TCAs 4,241   610 14.4 155.7 3 <0.0001 

   SSRIs  18,913 4,083 21.6    

   SNRIs 4,807 1,186 24.7    

   Other  7,591 1,649 21.7    
 

Abbreviations: TCAs: tricyclic antidepressants; SSRIs: selective serotonin reuptake inhibitors; SNRIs: 

serotonin norepinephrine reuptake inhibitors. 
*
N=row total; 

#
n=row frequency. 
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4.2    PHASE II: SURVIVAL ANALYSIS -TIME TO OCCURRENCE OF DIABETES  

 

Phase II of the study examined survival time (time to occurrence of diabetes). The 

section begins by graphically comparing survival time, using Kaplan-Meier curves, by 

exposure status and antidepressant class, followed by a comparison of survival time while 

controlling for covariates using Cox proportional hazards regression modeling. 

4.2.1    Kaplan-Meier Survival Curves (Objective 6) 

Survival time by exposure status 

H0 (6a):  Survival time will not differ significantly when stratified by exposure 

status. 

Figure 4.2 shows Kaplan-Meier curves comparing survival probabbility against 

time by exposure status. The Log-Rank test (
2
=76.5; d.f.=1; p<0.0001) showed a 

significant difference in survival time according to exposure status.  As shown in the 

figure, the exposed group (antidepressant users) had a considerably survival time 

compared with the unexposed group (benzodiazepine users).  
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Figure 4.2    Survival distribution graph comparing survival time by exposure status 

 

 
                                                                                  Log-rank test 2=76.5; d.f.=1; p<0.0001. 

 

Time in years 1            2               3            4           5            6           7                  8 

 

Table 4.24 shows the cumulative survival probability without diabetes according 

to exposure status. The 1-year survival probability was similar for the exposed (0.98) and 

unexposed (0.97) groups. However, the difference in survival probability by exposure 

status increases after three years of follow-up. The 5-year survival probability for the 

exposed group was 0.85 compared with 0.91 for the unexposed group. After 6.5 years 

(maximum observed survival probability), survival probability for the exposed group was 

0.81 compared with 0.90 for the unexposed group.  

 

H0 (6a):        Rejected.      
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Table 4.24   Cumulative survival probability without diabetes by exposure status  

 

Exposure status                                           Time in years
1
 

1 2 3 4 5 6 6.5 

Exposed 0.97 0.94 0.91 0.88 0.85 0.82 0.81 

Unexposed 0.98 0.95 0.94 0.92 0.91 0.90 0.90 
 

1. 1 year=365 days; 2 years=730 days; 3 years=1095 days; 4 years=1460 days; 5 years=1825 days; 6 

years=2190 days; 6.5 years = 2370 days. 

 

Survival time by antidepressant class 

 

H0(6b) :  Survival time will not differ significantly when stratified by antidepressant 

class. 

Figure 4.3 shows Kaplan-Meier curves comparing survival probability against 

time by antidepressant class. The Log-Rank test (
2
=41.7, d.f.=3, p<0.0001) showed a 

significant difference in survival time according to antidepressant class.  As shown in the 

figure, patients who received TCAs had the shortest survival time compared with other 

antidepressant classes. SSRIs had the longest survival time, followed by Other 

antidepressants and SNRIs. Prior to 2100 days (approximately), the survival curves for 

SSRIs and Other antidepressants indicate similar survival time. From 2100 to 2300 days, 

the curve for Other antidepressants declines at higher rate compared with those of SSRIs 

and SNRIs. Overall, the survival curve for TCAs is noticeably lower than the survival 

curves for SSRIs, SNRIs, and Other antidepressants.  

 

 

 



 

 227 

Figure 4.3    Survival distribution graph comparing survival time by antidepressant class 

 

 
                             Log-rank test 2=41.7; d.f. =3; p<0.0001. 
 

Time in years 1            2               3            4           5            6           7                  8 

 

 

Table 4.25 shows the cumulative survival probability without diabetes according 

to antidepressant class. The 1-year survival probability was similar across antidepressant 

classes (TCA=0.96; SSRI=0.97; SNRI=0.97; Other=0.97). However, there were slight 

differences in survival probability by antidepressant class (TCA=0.88; SSRI=0.92; 

SNRI=0.90; Other=0.92) after three years of follow-up. The 5-year survival probability 

for patients who received TCAs (0.81) was lower than that for patients who received 

SSRIs (0.86), Other antidepressants (0.86), and SNRIs (0.85). After 6.5 years (maximum 

observed survival probability), the survival probability for patients who received TCAs 
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(0.75) was lower than that for patients who received SSRIs (0.82), Other (0.80), and 

SNRIs (0.80).  

H0 (6b):        Rejected.      

 

 

Table 4.25   Cumulative survival probability without diabetes by antidepressant 

 class 

 

Antidepressant 

class 

Time in years
1
 

1 2 3 4 5 6 6.5 

TCAs 0.96 0.92 0.88 0.85 0.81 0.76 0.75 

SSRIs 0.97 0.94 0.92 0.89 0.86 0.83 0.82 

SNRIs 0.97 0.93 0.90 0.88 0.85 0.82 0.80 

Other 0.97 0.94 0.92 0.89 0.86 0.82 0.80 
 
1. 1 year=365 days; 2 years=730 days; 3 years=1095 days; 4 years=1460 days; 5 years=1825 days; 6 

years=2190 days; 6.5 years = 2370 days. 

Abbreviations: TCAs: tricyclic antidepressants; SSRIs: selective serotonin reuptake inhibitors; 

SNRIs: serotonin norepinephrine reuptake inhibitors. 
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4.2.2    Cox Proportional Hazards Regression Modeling (Objective 7) 

Before discussing the results of Cox proportional hazards regression modeling, it 

is important to examine whether the proportionality of hazards assumption was violated 

and the implications of this violation.  

4.2.2.1    Proportionality of Hazards Assumption 

As mentioned in Chapter 3, the proportionality of hazards assumption is critical to 

the interpretation of the fitted proportional hazards model. The proportionality of hazards 

assumption defines the model as a function of time and treats all the covariates in the 

model as one aggregate predictor variable.
236

 However, the assumption for the entire 

model is evaluated by examining the violation of the assumption for individual covariates 

in the model.  

Regarding individual covariates, the proportionality of hazards assumption 

implies that the shapes of the survival functions are the same for all treatment groups 

over time. In other words, the effect of each covariate is the same at all points in time. If 

the effect of a variable varies over time, the proportionality of hazards assumption is 

violated for that variable. Violations of the proportionality of hazards assumption are 

analogous to interactions between one or more covariates and time. If the assumption is 

violated, the coefficient of the variable estimated using the Cox regression model is an 

„average‟ effect of the variable over the range of times observed in the data.
233

  

Ordinarily, when the assumption is violated, the product of the covariate and the 

time variable (survival time) is included as an interaction term in the model. Allison 
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argues that it is acceptable to report an „average‟ effect of the variable as it is common 

practice for researchers to suppress interactions when estimating regression models.
233

  In 

addition, Allison notes that what is more important in the estimation of a Cox regression 

model is whether relevant covariates have been included and whether an appropriate 

censoring mechanism has been employed. Therefore, in this study, covariates were 

retained in the model even when the proportionality of hazards assumption was violated. 

However, in sensitivity analysis, interaction terms were entered in the model when the 

proportionality of hazards assumption was violated (i.e., interaction 

term=covariate*log[survival time]).   

There are various methods of examining the proportionality of hazards 

assumption. Visually, the lines of the survival functions for different treatment levels will 

be parallel if the assumption was not violated. In addition, scaled Schoenfield residuals 

may be plotted against time to examine whether there is a relationship between a 

covariate and time.
236

 However, Hosmer and colleagues note that it is difficult to detect 

subtle departures from the proportional hazards from the Schoenfield residual plots.
236

 

They recommend testing the assumption formally by adding the covariate as a product of 

time or as a product of the natural logarithm of time into the model. Forming the product 

of the covariate and the natural logarithm of time (survival time) to avoid numerical 

problems that may arise from large values is recommended by many researchers.
233

  

Table 4.26 shows the Wald‟s chi-square statistics, p-values, and hazard ratios for 

each interaction term (the interaction between the covariate and the natural logarithm of 

survival time) that was entered into the Cox regression model. The exposure variable 
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was, by definition, fixed at cohort entry and therefore independent of time. Treatment 

duration has a unique relationship with survival time. For censored observations, survival 

time was equal to treatment duration, while for non-censored observations, survival time 

was the duration of treatment up to the date of diabetes diagnosis. Therefore, treatment 

duration was excluded from all Cox regression analyses.  

The proportionality of hazards assumption was not met for age, medication 

adherence (MPR), persistence, year of cohort entry, and dual exposure. The interaction of 

medication adherence, persistence, and year of cohort entry with time was expected as all 

the variables are related to time. Medication adherence tends to decrease with time. The 

interaction between year of cohort entry and survival time was also not surprising as 

patients who entered the cohort early (2002 and 2003) were more likely to have longer 

observation times and hence longer survival times. Similarly, patients who tolerate the 

medications are more likely to take their medications continuously without gaps. These 

patients are more likely to have longer persistence and longer survival time. On the other 

hand, patients who are more likely to experience adverse effects are more likely to take 

their medications intermittently. Therefore, these patients are likely to have shorter 

persistence and survival times. Patients who entered the cohort late (2007 and 2008) were 

more likely to have shorter observation times and hence shorter survival times. The 

interaction between age and dual exposure with survival time was not expected as these 

variables were defined at index.  

Despite the interactions observed between survival time and age, medication 

adherence, persistence, year of cohort entry, and dual exposure, these variables were 
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retained in their original form during Cox regression analysis. As mentioned earlier, the 

interpretation of the „average‟ effect of these variables using Cox regression analysis is 

acceptable.  However, in sensitivity analysis, interaction terms of age, medication 

adherence, persistence, year of cohort, and dual exposure with the natural logarithm of 

survival time were entered into the model to estimate the effect of exposure. 

  

Table 4.26   Test for proportionality of hazards for covariates (N=44,715) 

 

Variable
a
 Wald Chi-

Square 

p-value  Adjusted 

Hazard 

Ratio 

95% 

Confidence 

Interval 

Age    10.00  0.0016
*
 0.995 0.993 – 0.998 

Gender , Female
b
    2.19 0.1384 0.939 0.864 – 1.020 

MPR        233.32 <0.0001
*
 1.011 1.010 – 1.013 

Persistence, > 365 days
c
 348.86 <0.0001

*
 0.355 0.318 – 0.395 

Diabetogenic medications    2.12 0.1455 0.969 0.929 – 1.011 

Chronic Disease Score,1
d
     0.01 0.9211 0.996 0.923 – 1.076 

Year of cohort entry
e
     2722.14 <0.0001

*
 0.614 0.603 – 0.625 

Dual exposure
f
         29.84 <0.0001

*
 0.743 0.668 – 0.826 

 
Model parameters: Likelihood Ratio=39616.83; d.f.=17; p<0.0001; Score=16528.32; d.f.=17; 

p<0.0001; Wald=4346.40; d.f.=17; p<0.0001; Proportionality Test Chi-square = 2889.50; d.f.=8; 

p<0.0001. 
a. Interactions with the natural logarithm of survival time have been tested for each variable.  
b. Reference: Male gender. 
c. Reference: Persistence ≤365 days. 
d. Reference: Chronic Disease Score=0. 
e. Year of cohort entry treated as a continuous variable from 2002 to 2008. 
f.  

Indicates exposure to both antidepressants and benzodiazepines at index. 

MPR: Medication Possession Ratio. *
   
Significant at p<0.00625.    
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4.2.2.3    Cox Regression Models  

Cox regression analysis examines the relative risk (hazard ratio) of an event of 

interest associated with a specific risk factor by computing the hazard ratios using 

survival time. In the present study, the relative risk of diabetes associated with exposure 

to antidepressants was estimated while controlling for covariates.  Cox regression models 

were constructed comparing survival time according to exposure status, antidepressant 

class, antidepressant classes vs. benzodiazepines, and selected antidepressant agents vs. 

benzodiazepines. The following section discusses the results of Cox regression analyses. 

Survival time by exposure status 

H0 (7a):  Survival time will not differ significantly when stratified by exposure 

status, while controlling for covariates. 

Table 4.27 shows the results of the Cox regression model comparing survival time 

according to exposure status, while controlling for covariates.  The overall statistics for 

the model testing the null hypothesis that all parameter estimates are equal to zero 

indicated that the null hypothesis was rejected (p<0.0001). Multicollinearity between 

predictor variables was assessed using a multiple linear regression model. Tolerance 

coefficients for the predictor variables ranged from 0.6370 (medication persistence) to 

0.9986 (Chronic Disease Score). The variance inflation (1/Tolerance) coefficients ranged 

from 1.0014 (Chronic Disease Score) to 1.5698 (medication persistence). Tolerance 

coefficients greater than 0.1 and variance inflation factor coefficients less than 10 

indicate that there is no multicollinearity between covariates in the model.  
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Within the study cohort, 2,943 (6.6%) patients developed type 2 diabetes. Patients 

who received antidepressants were 60.0 percent more likely to develop diabetes than 

patients who received benzodiazepines (Adjusted Hazard Ratio; HRadj. =1.600; 95% CI: 

1.437 – 1.783). The relationship between antidepressants and diabetes was also observed 

when interaction terms (i.e., age, medication adherence, persistence, year of cohort entry, 

and dual exposure) were included in the model (HRadj. =1.210; 95% CI: 1.083 – 1.351).  

All the covariates entered into the model were significant predictors for type 2 

diabetes (p<0.05). Each year increase in age was associated with a 3.3 percent increase in 

the risk of diabetes (HRadj. =1.033; 95% CI: 1.030 – 1.036). Female gender was 

associated with a 29.0 percent increase in the risk of diabetes (HRadj. =1.290; 95% CI: 

1.187 – 1.402).   Medication adherence (HRadj. =1.005; 95% CI: 1.003 – 1.006), number 

of diabetogenic medications (HRadj. =1.334; 95% CI: 1.283 – 1.387), and year of cohort 

entry (HRadj. =1.071; 95% CI: 1.045 – 1.097) were also associated with an increase in the 

risk of diabetes. Each percent increase in medication adherence was associated with 0.5 

percent increase in the risk of diabetes. Each additional diabetogenic medication was 

associated with a 33.4 percent increase in the risk of diabetes. Patients who entered the 

cohort late had a higher risk of diabetes compared with patients who entered the cohort 

early. Persistence and dual exposure (exposure to antidepressants and benzodiazepines at 

cohort entry) were inversely associated with the risk of diabetes. Patients who were 

persistent for more than 365 days were 36.2 percent less likely to develop diabetes than 

patients who were persistent for less than 365 days (HRadj. =0.638; 95% CI: 0.579 – 

0.704). Use of both antidepressants and benzodiazepines at cohort entry was associated 
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with a 13.5 percent lower risk compared with use of either antidepressants or 

benzodiazepines (HRadj. =0.865; 95% CI: 0.782 – 0.958).     

Appendix E shows the results of unadjusted Cox regression models of each 

predictor variable included in the models. Exposure status, age, gender, medication 

adherence, number of diabetogenic medications, Chronic Disease Score, year of cohort 

entry, and dual exposure all had expected results in both the adjusted and unadjusted 

regression models. The apparent negative relationship between persistence and survival 

time in both the adjusted and unadjusted regression models was not expected. However, 

this inverse relationship may be explained by the fact that patients who persisted for less 

than 365 days may have been more likely to experience adverse effects and hence had a 

higher risk of diabetes compared with patients who persisted for more than 365 days. 

Conversely, patients who persisted for more than 365 days were able to take their 

medications without intermittent long breaks as they were likely to have tolerated their 

medications. Therefore, patients who persisted for more than 365 days could have had a 

lower risk of diabetes than patients who persisted for less than 365 days.      

 Race/ethnicity data were missing for the majority (66.6%) of patients in the study 

sample. Table 4.28 shows the Cox regression model comparing the risk of diabetes 

according to exposure status for patients that had valid race/ethnicity data (N=14,948).  

The overall statistics for the model testing the null hypothesis that all parameter estimates 

are equal to zero indicated that the null hypothesis was rejected (p<0.0001). Within the 

study cohort, 1,170 (7.8%) patients developed type 2 diabetes. Use of antidepressant 

agents was associated with a 73.8 percent higher risk of diabetes (HRadj. =1.738; 95% CI: 
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1.469 – 2.057) after controlling for the covariates, including race/ethnicity. In this model, 

age, gender, race/ethnicity, medication adherence, persistence, diabetogenic medications, 

and year of cohort entry were significant predictors of diabetes. Compared with whites, 

non-white patients were 27.7 percent more likely to develop diabetes (HRadj. =1.277; 95% 

CI: 1.123 – 1.451). In additional analyses, there were no significant differences in the risk 

of diabetes between African-Americans and Whites (HRadj. =1.058; 95% CI: 0.908 – 

1.232). Hispanics had a 48.9 percent higher risk of diabetes compared with Whites 

(HRadj. =1.489; 95% CI: 1.290 – 1.719).   

H0 (7a):        Rejected. 
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Table 4.27   Cox proportional hazards regression model comparing survival time between exposed (antidepressant  

users) and unexposed (benzodiazepine users) patients while controlling for covariates (N=44,715) 

 

Variable Parameter 

Estimate  

Standard 

Error 

Wald Chi-

Square 

p-value  Hazard 

Ratio 

95% Confidence 

Interval 

Exposure status
a
       

Antidepressants 0.4703 0.055    72.94  <0.0001 1.600 1.437 – 1.783 

Demographic variables       

Age  0.0326 0.001 522.70  <0.0001 1.033 1.030 – 1.036 

Gender, Female
b 

 0.2545 0.042  35.97  <0.0001 1.290 1.187 – 1.402 

Clinical variables       

MPR  0.0047 0.001  45.33 <0.0001 1.005 1.003 – 1.006 

Persistence, > 365 days
c
    -0.4492 0.050  81.41 <0.0001 0.638 0.579 – 0.704 

Diabetogenic drugs     0.2884 0.020     210.14 <0.0001 1.334 1.283 – 1.387 

Chronic Disease Score, 1
d
    -0.0252 0.037         0.46  0.4975 0.975 0.906 – 1.049 

Year of cohort entry
e
     0.0678 0.012       29.36 <0.0001 1.070 1.044 – 1.097 

Dual exposure
f
    -0.1445 0.051   7.85  0.0051 0.865 0.782 – 0.958 

 

Model Parameters: Likelihood Ratio = 1147.27;  d.f.=9;  p<0.0001; Score=1157.71;  d.f.=9; p<0.0001; Wald =1109.47; d.f.=9;  p<0.0001.  
a. Reference: Benzodiazepines. 
b. Reference: Male gender. 
c. Reference: Persistence ≤365 days; 
d. Reference: Chronic Disease Score=0; 
e.  

Year of cohort entry treated as a continuous variable from 2002 to 2008.
 

f.  
Indicates exposure to both antidepressants and benzodiazepines at index. 

MPR: Medication Possession Ratio.  

Sensitivity Analysis: When interaction terms (age, MPR, persistence, year of cohort entry, and dual exposure) were included in the model, the 

hazard ratio remained significant (HRadj. =1.210; 95% CI: 1.083 – 1.351).
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Table 4.28   Cox proportional hazards regression model comparing survival time (without diabetes) between exposed  

(antidepressant users) and unexposed (benzodiazepine users) patients while controlling for covariates, including 

race/ethnicity (N=14,948) 

 

Variable Parameter 

Estimate  

Standard 

Error 

Wald Chi-

Square 

p-value  Adjusted 

Hazard 

Ratio 

95% Confidence 

Interval 

Exposure status
a
       

Antidepressant 0.5527 0.086  41.36   <0.0001 1.738 1.469 – 2.057 

Demographic variables       

Age  0.0301 0.002     161.75   <0.0001 1.031 1.026 – 1.035 

Gender, Female
b 

 0.2748 0.074 13.75    0.0002 1.316 1.138 – 1.522 

Race, Non-white
c
 0.2442 0.065 13.95    0.0002 1.277 1.123 – 1.451 

Clinical variables       

MPR  0.0031 0.001   7.82   0.0051 1.003 1.001 – 1.005 

Persistence, > 365 days
d
    -0.3099 0.081 14.77   0.0001 0.734 0.626 – 0.859 

Diabetogenic drugs     0.2582 0.032       65.33 <0.0001 1.295 1.216 – 1.378 

Chronic Disease Score, 1
e
    -0.0271 0.059         0.21  0.6474 0.973 0.866 – 1.093 

Year of cohort entry
f
     0.0533 0.021         6.20  0.0128 1.055 1.011 – 1.100 

Dual exposure
g
    -0.0927 0.079         1.37  0.2419 0.911 0.780 – 1.065 

 

Model Parameters: Likelihood Ratio=402.67;  d.f.=10;  p<0.0001; Score=398.68;  d.f.=10; p<0.0001; Wald =383.98; d.f.=10;  p<0.0001.  
a. Reference: Benzodiazepines. 
b. Reference: Male gender. 
c. Reference: White race/ethnicity. 
d. Reference: Persistence ≤365 days; 
e. Reference: Chronic Disease Score=0; 
f.  

Year of cohort entry treated as a continuous variable from 2002 to 2008.
 

g.  
Indicates exposure to both antidepressants and benzodiazepines at index. 

MPR: Medication Possession Ratio.  

Additional analyses: African Americans compared with Whites (HRadj. =1.058; 95% CI: 0.908 – 1.232; p=0.4699); Hispanics compared with 

Whites (HRadj. =1.487; 95% CI: 1.290 – 1.719; p<0.0001). 
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Survival time by antidepressant class 

 

H0 (7b-d):  Survival time will not differ significantly in patients exposed to  

            antidepressants when stratified by antidepressant class (SSRIs(7b), 

SNRIs(7c), and Other(7d) compared with TCAs), while controlling for 

covariates. 

Table 4.29 shows the results of Cox regression models comparing survival time 

according to antidepressant class, while controlling for covariates.  Three regression 

models were constructed comparing SSRIs, SNRIs, and Other antidepressants to TCAs 

while controlling for covariates, respectively.  SSRIs were associated with an 18.6 

percent lower risk of diabetes than TCAs (HRadj. =0.814; 95% CI: 0.721 – 0.919). 

However, there was no difference in the risk of diabetes between SNRIs and TCAs 

(HRadj. =0.866; 95% CI: 0.748 – 1.003). Other antidepressants were associated with a 

23.7 percent lower risk of diabetes than TCAs (HRadj. =0.763; 95% CI: 0.664 – 0.878).   

H0 (7b):          Rejected. 

H0 (7c):          Not Rejected. 

H0 (7d):          Rejected. 
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Table 4.29   Cox proportional hazards regression models comparing the survival  

time (without diabetes) among antidepressant classes (SSRIs, SNRIs, and Other  

compared with TCAs) while controlling for covariates (N=35,552) 

 

Class
a
      N Parameter 

Estimate  

S.E Wald 

Chi-

square 

p-value  Adjusted

Hazard 

Ratio 

95% 

Confidence 

Interval 

SSRIs 23,154 -0.2058 0.062 11.14   0.0008 0.814 0.721 – 0.919 

SNRIs   9,048 -0.1442 0.075   3.69   0.0546 0.866 0.747 – 1.003 

Other 11,832 -0.2694 0.071 14.30   0.0002 0.764 0.664 – 0.878 
 
a. Reference: TCAs. 

Covariates adjusted for in regression models: age, gender, MPR, persistence, number of diabetogenic 

medications, Chronic  Disease Score, year of cohort entry, and dual exposure.  

Abbreviations: SSRIs: selective-serotonin re-uptake inhibitors; SNRIs: serotonin-norepinephrine re-

uptake inhibitors; TCAs: tricyclic antidepressants. SE: standard error. 

 

 

Comparing survival time between antidepressant classes and benzodiazepines 

 

H0 (7e-h):  Survival time will not differ significantly between antidepressant classes 

(TCAs(7e), SSRIs(7f), SNRIs(7g), Other(7h)) and benzodiazepines, while 

controlling for covariates.   

Table 4.30 shows the results of Cox regression models comparing the survival 

time for antidepressant classes with that for benzodiazepines. Four regression models 

were constructed comparing TCAs, SSRIs, SNRIs, and Other antidepressants to 

benzodiazepines, respectively, while controlling for covariates. TCAs, SSRIs, SNRIs, 

and Other antidepressants were associated with an increase in the risk of diabetes 

compared with benzodiazepines. TCAs were associated with an 82.4 percent increase in 

the risk of diabetes compared with benzodiazepines (HRadj. =1.824; 95% CI: 1.561 – 

2.131). SSRIs were associated with a 48.2 percent increase in the risk of diabetes 

compared with benzodiazepines (HRadj. =1.482; 95% CI: 1.315 – 1.671). SNRIs were 
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associated with 65.0 percent increase in the risk of diabetes (HRadj. =1.650; 95% CI: 

1.412 – 1.928). Lastly, Other antidepressants were associated with a 47.8 percent increase 

in the risk of diabetes compared with benzodiazepines (HRadj. =1.477; 95% CI: 1.279 – 

1.706).  

H0 (7e):          Rejected. 

H0 (7f):          Rejected. 

H0 (7g):          Rejected. 

H0 (7h):          Rejected. 

 

 

 

Table 4.30   Cox proportional hazards regression models comparing the survival  

time (without diabetes) between antidepressant classes and benzodiazepines while 

 controlling for covariates (44,715) 

 

Class
a
 N Parameter 

Estimate  

S.E. Wald 

Chi-

Square 

p-value  Adj. 

Hazard  

Ratio 

95% 

Confidence 

Interval 

TCAs 13,404 0.6009 0.079   57.29   <0.0001 1.824 1.561 – 2.131 

SSRIs 28,076 0.3937 0.061 41.49   <0.0001 1.482 1.315 – 1.671 

SNRIs 13,970     0.5009 0.079 39.78   <0.0001 1.650 1.412 – 1.928 

Other 16,754 0.3901 0.073 28.21   <0.0001 1.477 1.279 – 1.706 

 
a.  Reference: Benzodiazepines. 

Covariates adjusted for in regression models: age, gender, MPR, persistence, number of diabetogenic 

medications, Chronic  Disease Score, year of cohort entry, and dual exposure.  

Abbreviations: SSRIs: selective-serotonin re-uptake inhibitors; SNRIs: serotonin-norepinephrine re-

uptake inhibitors; TCAs: tricyclic antidepressants. SE: standard error. 
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Comparing survival time for selected antidepressant agents with benzodiazepines 

 

H0 (7i-l):  Survival time will not differ significantly between selected antidepressant 

agents (Amitriptyline(7i), Escitalopram(7j), Sertraline(7k), Trazodone(7l)) and 

benzodiazepines, while controlling for covariates.   

Table 4.31 shows the results of Cox regression models comparing survival time 

for selected antidepressant agents with benzodiazepines. Due to limitations in sample 

sizes for individual antidepressant agents, only antidepressants used by more than 3,000 

patients in the study cohort were compared with benzodiazepines. Adequate sample sizes 

are necessary to produce reliable and precise risk estimates (i.e., narrow confidence 

intervals). In this regard, the survival times for amitriptyline (N=3,054), escitalopram 

(N=5,701), sertraline (N=5,854), and trazodone (N=3,766) were compared with 

benzodiazepines. Four regression models were constructed comparing amitriptyline 

(TCA), escitalopram (SSRI), sertraline (SSRI), and trazodone (Other) with 

benzodiazepines, while controlling for covariates, respectively.  

Amitriptyline, escitalopram, sertraline, and trazodone were all associated with a 

significant increase in the risk of diabetes compared with benzodiazepines. Amitriptyline 

was associated with an 82.4 percent increase in the risk of diabetes compared with 

benzodiazepines (HRadj. =1.824; 95% CI: 1.538 – 2.163). Escitalopram was associated 

with a 57.3 percent increase in the risk of diabetes compared with benzodiazepines 

(HRadj. =1.573; 95% CI: 1.347 – 1.837). Sertraline was associated with a 52.6 percent 

increase in the risk of diabetes compared with benzodiazepines (HRadj. =1.526; 95% CI: 

1.305 – 1.784).  Lastly, trazodone was associated with a 34.6 percent increase in the risk 
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of diabetes (HRadj. =1.346; 95% CI: 1.130 – 1.603) when compared with 

benzodiazepines.  

H0 (7i):         Rejected.    

H0 (7j):         Rejected. 

H0 (7k):         Rejected.    

H0 (7l):          Rejected. 
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Table 4.31   Cox proportional hazards regression models comparing the survival time between selected antidepressant  

agents and benzodiazepines while controlling for covariates 

 

Antidepressant 

agents
a
 

N Parameter 

Estimate  

Standard 

Error 

Wald Chi-

Square 

p-value  Adjusted 

Hazard Ratio 

95% Confidence 

Interval 

Amitriptyline 12,217 0.6009 0.087     47.78   <0.0001 1.824 1.538 – 2.163 

Escitalopram  14,864 0.4529 0.079     33.75   <0.0001 1.573 1.347 – 1.837 

Sertraline  15,017 0.4227 0.080     28.07   <0.0001 1.526 1.305 – 1.784 

Trazodone  12,929       0.2971 0.089     11.13 0.0008 1.346 1.130 – 1.603 

 
a. Reference: Benzodiazepines. 

Covariates adjusted for in regression models: age, gender, MPR, persistence, number of diabetogenic medications, Chronic  Disease Score, year 

of cohort entry, and dual exposure.  

Amitriptyline=TCA; Escitalopram=SSRI; Sertraline=SSRI; Trazodone=Other. 
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4.3    PHASE III: INCIDENCE OF DIABETES USING A RETROSPECTIVE COHORT DESIGN 

 

 

Phase III of the study examined the incidence of diabetes using a retrospective 

cohort design. The section begins by discussing the chi-square comparison of the 

incidence of diabetes according to age, gender, exposure status, dual exposure status, 

antidepressant class, and treatment duration. This is followed by logistic regression 

analyses comparing the incidence of diabetes by exposure status, antidepressant class, 

antidepressant class vs. benzodiazepines, selected antidepressant agents vs. 

benzodiazepines, and treatment duration.  

 

4.3.1    Chi-square Comparisons of Incidence of Diabetes 

The incidence of diabetes in the study cohort was 6.6 percent (N=2,937). Table 

4.32 shows the chi-square comparison of incidence of diabetes according to age, gender, 

exposure status, dual exposure status, antidepressant class, and treatment duration. 

Patients aged 31-64 years (8.6%) were approximately three-times more likely to develop 

diabetes than patients aged 18-30 years (3.0%) [
2
=513.3; d.f =1; p<0.0001]. Females 

(7.0%) were more likely to develop diabetes than males (5.7%)  [
2
=26.7; d.f.=1; 

p<0.0001].   

A chi-square analysis of incidence of diabetes and exposure status revealed that 

the incidence of diabetes differed significantly by exposure status (
2
=66.0; d.f.=1; 

p<0.0001).  Patients who used antidepressants (7.0%) were more likely to develop type 2 

diabetes than patients who used benzodiazepines (4.7%). A chi-square analysis of 
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incidence of diabetes and dual exposure revealed that the incidence of diabetes differed 

significantly by dual exposure status (
2
=19.6; d.f.=1; p<0.0001).  Patients who used both 

antidepressants and benzodiazepines (7.8%) at index were more likely to develop type 2 

diabetes than patients who used either (6.4%). 

A chi-square analysis of incidence of diabetes and antidepressant class revealed 

that the incidence of diabetes differed significantly by antidepressant class (
2
=32.1; d.f. 

= 3; p<0.0001).  Patients who used SNRIs (8.5%) and TCAs (8.2%) were more likely to 

develop type 2 diabetes than patients who used Other antidepressants (6.8%) and SSRIs 

(6.5%). Regarding treatment duration, a chi-square analysis revealed that the incidence of 

diabetes differed by treatment duration (
2
=218.4; d.f.=2; p<0.0001).  Long-term use 

(7.6%) of antidepressants was associated with a significantly higher incidence of diabetes 

than medium-term (4.2%) and short-term (4.2%) use.  
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Table 4.32   Chi-square comparison of the incidence of diabetes in the study sample when stratified by  

age, gender, exposure status, dual exposure, antidepressant class, and treatment duration 

 

Variable  Total Diabetes No Diabetes 
2
 d.f. p-value 

 N
*
 n

#
 % n

#
 %    

Age (years)      513.3 1 <0.0001 

   18-30 16,138    490 3.0 15,648 97.0    

   31-64 28,577 2,447 8.6 26,130 91.4    

Gender       26.7 1 <0.0001 

   Male 13,745    778 5.7 12,967 94.3    

   Female 30,970 2,159 7.0 28,811 93.0    

Exposure status      66.0 1 <0.0001 

   Benzodiazepines    9,163    430 4.7  8,733 95.3    

   Antidepressants 35,552 2,507 7.0   33,045 93.0    

Dual exposure status      19.6 1 <0.0001 

   No 38,464 2,446 6.4   36,018 93.6    

   Yes   6,251   491 7.8 5,760 92.2    

Antidepressant class       32.1 3 <0.0001 

   TCAs    4,241   346 8.2 3,895 91.8    

   SSRIs  18,913    1,234 6.5  17,679 93.5    

   SNRIs   4,807   409 8.5 4,398 91.5    

   Other   7,591   518 6.8 7,083 93.2    

Treatment duration       184.1 2 <0.0001 

    <3 months   1,967    82 4.2  1,885 95.8    

    3-12 months 11,966   504 4.2   11,462 95.8    

    >12 months 30,782 2,351 7.6   28,431 92.4    

 
Note:  

*
N=row total; 

#
n=row frequency. 
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Table 4.33 shows the chi-square comparison of the incidence of diabetes by 

race/ethnicity, medication adherence (MPR), persistence, number of diabetogenic 

medications, Chronic Disease Score, and year of cohort entry. There was a significant 

difference in the incidence of diabetes by race/ethnicity (
2
=26.9; d.f.=3; p<0.0001). 

Hispanics (9.4%) had a higher incidence of diabetes than African-Americans (7.4%) and 

Whites (6.8%).    Asian-Americans, Native Hawaiians/Pacific Islanders and American 

Indians/Alaska Natives had the lowest incidence of diabetes (4.4%).  There was no 

significant difference in the incidence of diabetes between patients who were adherent 

and those who were not (
2
=3.0; d.f.=1; p=0.0807). On the hand, there was a significant 

difference in the incidence of diabetes between patients who persisted for more than 365 

days compared with those whose persistence was less than or equal to 365 days (
2
=32.2; 

d.f.=1; p<0.0001). Patients who persisted for more than 365 days (7.9%) had a higher 

incidence of diabetes than who persisted for less than 365 days (6.7%).  

There was a strong relationship between number of diabetogenic medications and 

incidence of diabetes diabetes (
2
=1024.9 d.f.=3; p<0.0001). The incidence of diabetes 

increased steadily from 2.6 percent in patients who did not receive any diabetogenic 

medication to 14.9 percent in patients who received three or more diabetogenic 

medications.  However, there was no association between Chronic Disease Score and 

incidence of diabetes (
2
=3.4; d.f.=1; p=0.0665). A strong relationship was also observed 

between year of cohort entry incidence of diabetes (
2
=175.4; d.f.=6; p<0.0001). Patients 

who entered the cohort early (e.g., 2002[8.6%], 2003[7.8%]) had a higher incidence of 

diabetes than patients who entered the cohort late (e.g., 2007[4.6%]; 2008[3.0%]). 
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Table 4.33   Chi-square comparison of the incidence of diabetes in the study sample when stratified by  

race/ethnicity, medication adherence, persistence, number of diabetogenic medications, Chronic Disease Score, and  

year of cohort entry 

 

Variable   Total Diabetes No Diabetes 
2
 d.f. p-value 

 N
*
 n

#
 % n

#
 %    

Race/ethnicity
a
      26.9 3 <0.0001 

  White 5,097 345 6.8 4,752 93.2    

   African-American 4,835 359 7.4 4,476 92.6    

   Hispanic 4,926 462 9.4 4,464 90.6    

   Other     90    4 4.4     86 95.6    

MPR      3.0 1 0.0807 

   <80%    28,885   1,941 6.7  26,944 93.3    

   80%    15,830      996 6.3  14,834 93.7    

Persistence      32.2 1 <0.0001 

   ≤365 days    35,649   2,222 6.2  33,427 93.8    

   >365 days      9,066      715 7.9    8,351 92.1    

Number of diabetogenic drugs      1024.9 3 <0.0001 

   0   11,230      297 2.6  10,933 97.4    

   1   17,384      895 5.1  16,489 94.9    

   2   10,804      958 8.9    9,846 91.1    

 3     5,297      787   14.9    4,510 85.1    

Chronic Disease Score      3.4 1 0.0665 

   0   44,267   2,898 6.5 41,369 93.5    

   1 448 39 8.7      409 91.3    

Year of cohort entry       175.4 6 <0.0001 

   2002    8,947     766 8.6   8,181 91.4    

   2003   11,491     894 7.8 10,597 92.2    

   2004    7,105     424 6.0   6,681 94.0    
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Variable   Total Diabetes No Diabetes 
2
 d.f. p-value 

 N
*
 n

#
 % n

#
 %    

   2005    5,917      330 5.6   5,587 94.4    

   2006    5,317      273 5.1   5,044 94.9    

   2007    4,549      209 4.6   4,340 95.4    

   2008    1,389 41 3.0   1,348 97.0    
a. Excludes 29,767 patients (66.6%) whose race/ethnicity was unknown or missing. Sample with race/ethnicity data, N=14,948.  

*
N=row total; 

#
n=row frequency. 
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4.3.2    Logistic Regression Models (Objective 8)  

Logistic regression models were constructed comparing the incidence of diabetes 

according to exposure status, antidepressant class, antidepressant classes vs. 

benzodiazepines, selected antidepressant agents vs. benzodiazepines, and treatment 

duration (medium-term vs. short-term; long-term vs. short-term) while controlling for 

covariates. The following section discusses the results of logistic regression analyses.  

Incidence of diabetes by exposure status 

H0 (8a):  Incidence of diabetes will not differ significantly when stratified by 

exposure status, while controlling for covariates. 

Table 4.34 shows the results of the logistic regression model comparing incidence 

of diabetes according to exposure status, while controlling for covariates.  The overall 

statistics for the model testing the null hypothesis that all parameter estimates are equal to 

zero indicated that the null hypothesis was rejected (p<0.0001). In addition, the Hosmer-

Lemeshow test indicated that the model was of good fit (
2
=7.36; d.f.=8; p=0.4988). 

Multicollinearity between predictor variables was assessed using a multiple linear 

regression model. Tolerance coefficients for the predictor variables ranged from 0.637 

(persistence) to 0.9986 (Chronic Disease Score). The variance inflation (1/Tolerance) 

coefficients ranged from 1.001 (Chronic Disease Score) to 1.570 (persistence). Tolerance 

coefficients greater than 0.1 and variance inflation factor coefficients less than 10 

indicate that there is no multicollinearity between covariates in the model.  
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As mentioned earlier, 2,943 (6.6%) patients developed type 2 diabetes in the 

entire study sample. Exposure to antidepressants was associated with a significant 

increase in the risk of diabetes. Patients who received antidepressants were 48.9 percent 

more likely to develop diabetes than patients who received benzodiazepines (RRadj. 

=1.489; 95% CI: 1.331 – 1.667), after controlling for age, gender, medication adherence, 

persistence, diabetogenic medications, Chronic Disease Score, treatment duration, year of 

cohort entry, and dual exposure.  

Significant predictors of diabetes in the model were age, gender, diabetogenic 

medications, treatment duration, and year of cohort entry. Each year increase in age was 

associated with a 3.4 percent increase in the risk of diabetes (RRadj. =1.034; 95% CI: 

1.031 – 1.037). Female gender was associated with a 35.0 percent increase in the risk of 

diabetes compared with male gender (RRadj. =1.350; 95% CI: 1.237 – 1.473). Use of each 

additional diabetogenic medication was associated with a 59.1 percent increase in the risk 

of diabetes (RRadj. =1.591; 95% CI: 1.527 – 1.657). Patients who received treatment for 

more than 365 days were 39.7 percent more likely to develop diabetes than patients who 

received treatment for less than or equal to 365 days (RRadj. =1.397; 95% CI: 1.256 – 

1.554).  Each unit increase in the year of cohort entry was associated with a 9.4 decrease 

in the risk of diabetes (RRadj. =0.906; 95% CI: 0.885 – 0.928). Medication adherence 

(RRadj. =0.999; 95% CI: 0.998 – 1.001), persistence (RRadj. =0.977; 95% CI: 0.873 – 

1.092), Chronic Disease Score (RRadj. =0.980; 95% CI: 0.907 – 1.059), and dual exposure 

(RRadj. =0.956; 95% CI: 0.858 – 1.065) were not significant predictors of diabetes.  
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Appendix F shows the results of unadjusted logistic regression models of each 

predictor variable included in the model. Exposure status, age, gender, medication 

adherence, number of diabetogenic medications, Chronic Disease Score, treatment 

duration, year of cohort entry, and dual exposure all had expected results in both the 

adjusted and unadjusted regression models. The apparent negative relationship between 

persistence and incidence of diabetes in both the adjusted and unadjusted regression 

models was not expected. However, this inverse relationship may be explained by the 

fact that patients who persisted for less than 365 days were more likely to experience 

adverse effects and hence had a higher risk of diabetes compared with patients who 

persisted for more than 365 days. Conversely, patients who persisted for more than 365 

days were likely to have taken their medications without intermittent long breaks as they 

were likely to have tolerated their medications. Therefore, patients who persisted for 

more than 365 days could have had a lower risk of diabetes than patients who persisted 

for less than 365 days.      

 Race/ethnicity data were missing for the majority (66.6%) of patients in the study 

sample. Table 4.35 shows the logistic regression model comparing the risk of diabetes 

according to exposure status for patients that had valid race/ethnicity data (N=14,948).  

Of the study sample with valid race/ethnicity data, 1,170 (7.8%) patients developed type 

2 diabetes. After controlling for race/ethnicity and other covariates, use of antidepressant 

agents was associated with a significant increase in the risk of diabetes (RRadj. =1.617; 

95% CI: 1.355 – 1.929). Age, gender, race/ethnicity, diabetogenic medications, treatment 

duration, and year of cohort entry were significant predictors of diabetes. Regarding 
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race/ethnicity, non-White patients had a 29.5 percent higher risk of diabetes than Whites 

(RRadj. =1.295; 95% CI: 1.130 – 1.484).  

In additional analyses, there was no significant difference in the risk of diabetes 

between African-Americans and Whites (RRadj. =1.039; 95% CI: 0.886 – 1.220). 

However, Hispanics had a 1.6 times higher risk of diabetes than Whites (RR=1.619; 95% 

CI: 1.390 – 1.885).  

H0 (8a):         Rejected. 
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Table 4.34   Logistic regression model comparing risk of incident diabetes between exposed (antidepressant users) and  

unexposed (benzodiazepine users) groups (N=44,715) while controlling for covariates 

 

Variable Parameter 

Estimate  

Standard 

Error 

Wald Chi-

Square 

p-value  Adjusted 

Relative 

Risk 

95% Confidence 

Interval 

Intercept 191.9000   24.424 61.76 <0.0001 - - 

Exposure status
a
       

Antidepressants 0.3983 0.057  47.97 <0.0001 1.489 1.331 – 1.667 

Demographic variables       

Age       0.0338 0.001 517.15 <0.0001 1.034 1.031 – 1.037 

Female gender
b
 0.2999 0.045       45.10   <0.0001 1.350 1.237 – 1.473 

Clinical variables       

MPR      -0.0005 0.001         0.46  0.4955 0.999 0.998 – 1.001 

Persistence, >365 days
c
     -0.0249 0.057         0.19  0.6626 0.975 0.872 – 1.091 

Diabetogenic  drugs      0.4642 0.021     489.53   <0.0001 1.591 1.527 – 1.657 

Chronic Disease Score, 1
d
      -0.0202 0.039         0.26     0.6077 0.980 0.907 – 1.059 

Treatment duration, >365 days
e
 0.3344 0.054       37.99 <0.0001 1.397 1.256 – 1.554 

Year of cohort entry
f
    -0.0985 0.012       65.36 <0.0001 0.906 0.885 – 0.928 

Dual exposure
d
    -0.0454 0.055         0.68  0.4109 0.956 0.858 – 1.065 

 

Model Parameters: Likelihood Ratio = 1699.33; d.f.=10; p<0.0001; Score=1695.99; d.f.=10; p<0.0001; Wald = 1551.60; d.f.=10; p<0.0001. 
a. Reference: Benzodiazepines. 
b. Reference: Male gender. 
c. Reference: Persistence ≤365 days. 
d. Reference: Chronic Disease Score=0. 
e. Reference: Treatment duration ≤ 365 days. 
f.  

Year of cohort entry treated as a continuous variable from 2002 to 2008.
 

g.  
Indicates exposure to both antidepressants and benzodiazepines at index. 

MPR: Medication Possession Ratio.  
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Table 4.35   Logistic regression model comparing risk of incident diabetes between exposed (antidepressant users) and  

unexposed (benzodiazepine users) groups (N=14,948) while controlling for covariates, including race/ethncity 

 

Variable Parameter 

Estimate  

Standard 

Error 

Wald Chi-

Square 

p-value  Adjusted 

Relative 

Risk 

95% Confidence 

Interval 

Intercept   231.6000  42.25 30.06 <0.0001 - - 

Exposure status
a
       

Antidepressants  0.4804     0.090 28.49 <0.0001 1.617 1.355 – 1.929 

Demographic variables       

Age       0.0320 0.002    167.74 <0.0001 1.033 1.028 – 1.038 

Female gender
b
 0.3355 0.078      18.55 <0.0001 1.399 1.201 – 1.629 

Race, Nonwhite
c
      0.2587 0.069      13.85  0.0002 1.295 1.130 – 1.484 

Clinical variables       

MPR      -0.0020 0.001 2.50 0.1135 0.998 0.996 – 1.000 

Persistence, >365 days
d
 0.1048 0.092 1.29 0.2554 1.110 0.927 – 1.330 

Diabetogenic  drugs      0.4278 0.034    159.67  <0.0001 1.534 1.435 – 1.639 

Chronic Disease Score, 1
e 
    -0.0402 0.063        0.40    0.5250 0.961 0.849 – 1.087 

Treatment duration, >365 days
f
     0.2632 0.088 8.95 0.0028 1.301 1.095 – 1.546 

Year of cohort entry
g
    -0.1183 0.021      31.47  <0.0001 0.888 0.852 – 0.926 

Dual exposure
h
    -0.0099 0.086 0.01 0.9082 0.990 0.837 – 1.171 

Model Parameters: Likelihood Ratio = 623.88; d.f.=11; p<0.0001; Score=612.81; d.f.=11; p<0.0001; Wald = 564.73; d.f.=11; p<0.0001.  
a. Reference: Benzodiazepines. 
b. Reference: Male gender. 
c. Reference: White race/ethnicity. 
d. Reference: Persistence ≤365 days. 
e. Reference: Chronic Disease Score=0. 
f. Reference: Treatment duration ≤ 365 days. 
g.  

Year of cohort entry treated as a continuous variable from 2002 to 2008.
 

h.  
Indicates exposure to both antidepressants and benzodiazepines at index. 

MPR: Medication Possession Ratio. Additional analyses: African Americans compared with whites (RR=1.039; 95% CI: 0.886 – 1.220; 

p=0.6373); Hispanics compared with whites (RR=1.619; 95% CI: 1.390 – 1.885; p<0.0001). 
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Incidence of diabetes by antidepressant class 

H0 (8b-d):  Incidence of diabetes will not differ significantly when stratified by 

antidepressant class (SSRIs(8b), SNRIs(8c), and Other(8d) compared with 

TCAs), while controlling for covariates. 

Table 4.36 shows the results of the logistic regression model comparing incidence 

of diabetes according to antidepressant class, while controlling for covariates.  A 

regression model comparing the incidence of diabetes for SSRIs, SNRIs, and Other 

antidepressants with TCAs, respectively, was constructed. There were no significant 

differences in the risk of diabetes for SSRIs (RRadj. =0.903; 95% CI: 0.794 – 1.027), 

SNRIs (RRadj. =1.087; 95% CI: 0.931 – 1.269) and Other (RRadj. =0.880; 95% CI: 0.761 – 

1.019) compared with TCAs.   

H0 (8b):          Not Rejected. 

H0 (8c):          Not Rejected. 

H0 (8d):          Not Rejected. 
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Table 4.36   Logistic regression model comparing the risk of incident diabetes among antidepressant classes (N=35,552) 

while controlling for covariates 

 

Variable Parameter 

Estimate  

Standard 

Error 

Wald Chi-

Square 

p-value  Adjusted 

Relative 

Risk 

95% Confidence 

Interval 

Intercept 200.9000   26.811  56.14 <0.0001 - - 

Antidepressant class
a
       

SSRIs    -0.1019 0.065  2.42 0.1198 0.903 0.794 – 1.027 

SNRIs 0.0837 0.079  1.12 0.2896 1.087 0.931 – 1.269 

Other    -0.1274 0.075  2.92 0.0877 0.880 0.761 – 1.019 

Demographic variables       

Age      0.0336 0.002      434.71 <0.0001 1.034 1.031 – 1.037 

Gender , Female
b
 0.2932 0.050        34.57    <0.0001 1.341 1.216 – 1.478 

Clinical variables       

MPR    -0.0010 0.001   1.17 0.2795 0.999 0.997 – 1.001 

Persistence, >365 days
c
   -0.0429 0.061  0.49 0.4841 0.958 0.850 – 1.080 

Diabetogenic  drugs    0.4451 0.023      372.36   <0.0001 1.561 1.492 – 1.633 

Chronic Disease Score, 1
d
  -0.0146 0.043          0.12     0.7327 0.986 0.906 – 1.072 

Treatment duration >365 days
e
    0.3731 0.061 37.48   <0.0001 1.452 1.289 – 1.636 

Year of cohort entry
f
  -0.1027 0.013        58.95   <0.0001 0.902 0.879 – 0.926 

Dual exposure
g
  -0.0488 0.056          0.77 0.3800 0.952 0.854 – 1.062 

        Model Parameters: Likelihood Ratio = 1393.42; d.f.=12; p<0.0001; Score=1379.00; d.f.=12; p<0.0001; Wald = 1262.00; d.f.=12; p<0.0001.. 
a. Reference: TCAs 
b. Reference: Male gender. 
c. Reference: Persistence ≤365 days. 
d. Reference: Chronic Disease Score=0. 
e. Reference: Treatment duration ≤ 365 days. 
f.  

Year of cohort entry treated as a continuous variable from 2002 to 2008.
 

g.  
Indicates exposure to both antidepressants and benzodiazepines at index. 

Abbreviations: TCAs: tricyclic antidepressants; SSRIs: selective serotonin re-uptake inhibitors; SNRIs: serotonin-norepinephrine  

reuptake inhibitors. MPR: Medication Possession Ratio.  
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Incidence of diabetes for antidepressant classes compared with benzodiazepines 

H0 (8e-h):  Incidence of diabetes will not differ significantly between antidepressant 

classes (TCAs(8e), SSRIs(8f), SNRIs(8g), Other(8h)) and benzodiazepines, 

while controlling for covariates. 

Table 4.37 shows the results of the logistic regression models comparing 

incidence of diabetes of antidepressant classes with that of benzodiazepines, while 

controlling for covariates.  Four regression models comparing the incidence of diabetes 

for TCAs, SSRIs, SNRIs, and Other with that of benzodiazepines, respectively, were 

constructed. TCAs, SSRIs, SNRIs, and Other antidepressants had a significantly higher 

risk of diabetes than benzodiazepines. Patients who used TCAs were 52.3 percent more 

likely to develop diabetes than patients who used benzodiazepines (RRadj. =1.523; 95% 

CI: 1.293 – 1.793). Patients who used SSRIs had a 39.6 percent higher risk of diabetes 

than those who used benzodiazepines (RRadj. =1.396; 95% CI: 1.231 – 1.584). Patients 

who used SNRIs had a 78.5 percent higher risk than patients who used benzodiazepines 

(RRadj. =1.785; 95% CI: 1.513 – 2.106). Lastly, patients who used Other antidepressants 

had a 36.9 percent higher risk of diabetes than patients on benzodiazepines (RRadj. 

=1.369; 95% CI: 1.177 – 1.592).   

H0 (8e):          Rejected. 

H0 (8f):          Rejected. 

H0 (8g):          Rejected. 

H0 (8h):          Rejected. 
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Table 4.37   Logistic regression models comparing the risk of incident diabetes  

between antidepressant classes and benzodiazepines while controlling  for covariates 

 

Class
a 
 N Parameter 

Estimate  

S.E. Wald 

Chi-

Square 

p-value  Adjusted 

Relative 

Risk 

95% 

Confidence 

Interval 

TCAs 13,404 0.4205 0.083   25.35 <0.0001 1.523 1.293 – 1.793 

SSRIs 28,076 0.3339 0.064   27.01 <0.0001 1.396 1.231 – 1.584 

SNRIs 13,970 0.5796 0.084 47.28 <0.0001 1.785 1.513 – 2.106 

Other 16,754 0.3141 0.077 16.68 <0.0001 1.369 1.177 – 1.592 
 
a. Reference: Benzodiazepines. 

Covariates adjusted for in regression models: age, gender, MPR, persistence, number of diabetogenic 

medications, Chronic  Disease Score, year of cohort entry, and dual exposure.  

Abbreviations: TCAs: tricyclic antidepressants; SSRIs: selective serotonin re-uptake inhibitor; SNRIs: 

serotonin-norepinephrine reuptake inhibitors; SE: standard error. 

 

 

Incidence of diabetes for selected antidepressant agents compared with 

benzodiazepines 

 

H0 (8i-l):  Incidence of diabetes will not differ significantly between selected 

antidepressant agents (Amitriptyline(8i), Escitalopram(8j), Sertraline(8k), 

Trazodone(8l)) and benzodiazepines, while controlling for covariates.   

Table 4.38 shows the results of the logistic regression models comparing the 

incidence of diabetes for selected antidepressant agents with that of benzodiazepines. As 

mentioned earlier, due to limitations in sample sizes for individual antidepressant agents, 

only antidepressants used by more than 3,000 patients in the study cohort were compared 

with benzodiazepines. Four regression models were constructed comparing amitriptyline 

(TCA), escitalopram (SSRI), sertraline (SSRI), and trazodone (Other) to 

benzodiazepines, while controlling for covariates.  
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Amitriptyline, escitalopram, sertraline, and trazodone were all associated with a 

significant increase in the risk of diabetes compared with benzodiazepines. Amitriptyline 

was associated with a 55.4 percent increase in the risk of diabetes compared with 

benzodiazepines (RRadj. =1.554; 95% CI: 1.299 – 1.859).  Escitalopram was associated 

with a 46.1 percent increase in the risk of diabetes compared with benzodiazepines 

(RRadj. =1.461; 95% CI: 1.241 – 1.721). Sertraline was associated with a 39.0 percent 

increase in the risk of diabetes compared with benzodiazepines (RRadj. =1.390; 95% CI: 

1.179 – 1.640).  Lastly, trazodone was associated with a 34.6 percent increase in the risk 

of diabetes (RRadj. =1.346; 95% CI: 1.120 – 1.617).  

H0 (8i):           Rejected.    

H0 (8j):           Rejected. 

H0 (8k):           Rejected.    

H0 (8l):             Rejected.
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Table 4.38   Logistic regression models comparing the risk of incident diabetes between selected antidepressant agents  

and benzodiazepines while controlling for covariates 

 

Antidepressant 

agent
a
 

N Parameter 

Estimate  

Standard 

Error 

Wald 

Chi-

Square 

p-value  Adjusted 

Relative 

Risk 

95% Confidence 

Interval 

Amitriptyline 12,217 0.4408 0.092 23.18 <0.0001 1.554 1.299 – 1.859 

Escitalopram  14,864 0.3795 0.083 20.69 <0.0001 1.461 1.241 – 1.721 

Sertraline  15,017 0.3297 0.084 15.28 <0.0001 1.390 1.179 – 1.640 

Trazodone  12,929 0.2971 0.094 10.07  0.0015 1.346 1.120 – 1.617 

 
a. Reference: Benzodiazepines. 

Covariates adjusted for in regression models: age, gender, MPR, persistence, number of diabetogenic medications, Chronic  Disease Score, year 

of cohort entry, and dual exposure.  

Abbreviations: Amitriptyline=TCA; Escitalopram=SSRI; Sertraline=SSRI; Trazodone=Other. 
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Incidence of diabetes by treatment duration  

H0 (8m-n):  Incidence of diabetes among antidepressant users will not differ 

significantly according to treatment duration (medium-term vs. short-

term[8m], long-term vs. short-term[n]), while controlling for covariates. 

Table 4.39 shows the results of the logistic regression model comparing incidence 

of diabetes among antidepressant users according to treatment duration, while controlling 

for covariates.  A regression model comparing the incidence of diabetes for medium-term 

vs. short-term and long-term vs. short-term was constructed, while controlling for 

covariates. There were no significant differences in the risk of diabetes between medium-

term and short-term duration (RRadj. =0.975; 95% CI: 0.732 – 1.297). However, there was 

a significant difference in the risk of diabetes between long-term duration and short-term 

duration. Patients who were treated for more than 12 months were 42.3 percent more 

likely to develop diabetes than patients treated for less than 3 months (RRadj. =1.423; 95% 

CI: 1.074 – 1.887).  

In additional analyses, the effect of treatment duration on the risk of diabetes was 

examined among benzodiazepine users. No relationship was observed between treatment 

duration and diabetes among benzodiazepine users. There was no significant difference 

between medium-term duration (RRadj. =0.774; 95% CI: 0.481 – 1.245) and long-term 

treatment duration (RRadj. =0.918; 95% CI: 0.585 – 1.439) compared with short-term 

duration, respectively.   

H0 (8m):           Not Rejected. 

H0 (8n):             Rejected.
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Table 4.39   Logistic regression model comparing the risk of incident diabetes between short-term, medium-term and 

 long-term treatment duration among antidepressant users (exposed group) [N=35,552] while controlling for covariates 

 

Variable Parameter 

Estimate  

Standard 

Error 

Wald Chi-

Square 

p-value  Adjusted 

Relative 

Risk 

95% Confidence 

Interval 

Intercept  196.7000   26.766  54.01 <0.0001 - - 

Treatment duration
a
       

Medium-term    -0.0257 0.146   0.03   0.8603 0.975 0.732 – 1.297 

Long-term     0.3531 0.144          6.02   0.0142 1.423 1.074 – 1.887 

Demographic variables       

Age      0.0339 0.002      449.06    <0.0001 1.034 1.031 – 1.038 

Gender, Female
b
     0.3032 0.050        37.38    <0.0001 1.354 1.229 – 1.492 

Clinical variables       

MPR     -0.0010 0.001   1.41 0.2354 0.999 0.997 – 1.001 

Persistence, >365 days
c 
    -0.0404 0.061          0.43 0.5100 0.960 0.852 – 1.083 

Diabetogenic drugs      0.4439 0.023      371.49    <0.0001 1.559 1.490 – 1.631 

Chronic Disease Score, 1
d
    -0.0153 0.043          0.13      0.7200 0.985 0.906 – 1.071 

Year of cohort entry
e
    -0.1007 0.013  56.81    <0.0001 0.904     0.881 – 0.928 

Dual exposure
f
    -0.0422 0.055          0.58 0.4465 0.959     0.860 – 1.069 

 

Model Parameters: Likelihood Ratio = 1381.36; d.f.=10; p<0.0001; Score=1368.85; d.f.=10; p<0.0001; Wald = 1253.33; d.f.=10; p<0.0001. 
a. Reference: short-term duration (<3 months)[ medium-term duration: 3-12 months; long-term duration: >12 months]. 
b. Reference: Male gender. 
c. Reference: Persistence ≤365 days. 
d. Reference: Chronic Disease Score=0. 
e.  

Year of cohort entry treated as a continuous variable from 2002 to 2008.
 

f.  
Indicates exposure to both antidepressants and benzodiazepines at index. 

Additional analysis: No relationship was observed between treatment duration and diabetes among benzodiazepine users: There was no significant 

difference between medium-term duration (RRadj. =0.774; 95% CI: 0.481 – 1.245) and long-term treatment duration (RRadj. =0.918; 95% CI: 0.585 

– 1.439) compared with short-term duration, respectively.   
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4.4    PHASE IV: INCIDENCE OF DIABETES USING A NESTED CASE-CONTROL DESIGN 

 

Phase IV of the study examined the incidence of diabetes using a nested case-

control design. Using the study cohort, patients who developed diabetes (cases) were 

randomly matched (on age and gender) with patients who did not develop diabetes 

(controls) using risk-set sampling ratio of 1 to 4.  Patients were matched on age and 

gender as both are risk factors for diabetes. In addition, age and gender are frequently 

used for matching in observational studies. This section is divided into two parts: Part A 

and Part B. Part A discusses the results of the nested case-control analysis within the 

entire study cohort (Objective 9). Part B discusses the results of the nested case-control 

within the exposed cohort (antidepressant users; Objective 10). Each part begins with a 

brief discussion of the descriptive statistics of matched samples included in the analyses. 

This is then followed by a detailed discussion of the results of regression analyses 

examining the incidence of diabetes.  
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4.4.1    Part A: Nested Case-Control Design within the Entire Study Cohort  

           (Objective 9) 

4.4.1.1    Descriptive Statistics 

Demographic characteristics and year of cohort entry 

Table 4.40 shows the chi-square comparison of demographic characteristics and 

year of cohort entry between cases and controls. As mentioned earlier, 2,937 patients 

(cases) in the entire study cohort developed diabetes. These cases (n=2,937) were 

matched with controls (n=11,748) from the entire study cohort using risk-set sampling as 

outlined in Chapter 3.  Patients were matched on age and gender. The total sample size 

for the study sample was 14,685.  

The average age of patients in the study sample was 45.5 (SD=12.9). The majority 

(83.3%) of patients were aged 31-64 years and 16.7 percent were aged 18-30 years.   Age 

was a matching variable, therefore bivariate analyses comparing age between cases and 

controls revealed that patient age did not differ between cases and controls (T-test: 

p=0.9995; Chi-square test: p=1.0000).  The majority of patients were females (73.5%).  

Gender was also a matching variable, hence chi-square analysis comparing gender 

between cases and controls revealed that patient gender did not differ between cases and 

controls (p=1.0000).  

Race/ethnicity data were missing for the majority (63.9%) of patients in the study 

sample. Among those whose race/ethnicity data were available (N=5,299), there was a 

fairly even distribution of Whites (35.9%), Hispanics (32.4%), and African-Americans 

(32.1%). Asian-Americans, Native Hawaiians/Pacific Islanders and American 
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Indians/Alaska Natives constituted less than one percent of the sample (0.6%).   A chi-

square analysis comparing race/ethnicity between cases and controls revealed that patient 

race/ethnicity differed significantly between cases and controls (
2
=39.0; d.f.=3; 

p<0.0001). Cases were more likely to be Hispanic (39.5% vs. 30.3%) and less likely to be 

White (29.5% vs. 36.5%) or African-American (30.7% vs. 32.5%) than controls.  

The majority (65.0%) of patients entered the cohort between 2002 and 2004. The 

highest proportion of patients entered the cohort in 2003 (27.3%) followed by 2002 

(22.2%) and 2004 (15.5%). The lowest proportion of patients entered the cohort in 2008 

(2.6%).  A chi-square analysis comparing year of cohort entry between cases and controls 

revealed that the year in which patients entered the cohort differed significantly between 

cases and controls (
2
=88.0; d.f.=6; p<0.0001). A higher proportion of cases than 

controls entered the study cohort in 2002 (26.1% vs. 21.2%) and 2003 (30.4% vs. 

26.6%). In contrast, a higher proportion of controls than cases entered the study cohort in 

2004 (15.8% vs. 14.4%), 2005 (13.1% vs. 11.2%), 2006 (11.3% vs. 9.3%), 2007 (9.2% 

vs. 7.1%) and 2008 (2.9% vs. 1.4%).  
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Table 4.40   T-test and chi-square comparisons of demographic characteristics and year of cohort  

entry between cases and controls (N=14,685) 

 

Variable   Total  

(N=14,685) 

Cases   

(N=2,937) 

Controls  

(N=11,748) 

Test-

statistic 

d.f. p-value 

 Mean SD Mean SD Mean SD    

Mean(SD) age  (years)
a
   45.5 12.9    45.5 12.9   45.5 12.9 0.0 14683 0.9995 

 N % N % N %    

Age (years)
b 

          

   18-30   2,450 16.7 490 16.7 1,960 16.7 0.0 1 1.000 

   31-64 12,235 83.3  2,447 83.3 9,788 83.3    

Gender
b
           

   Male 3,890 26.5 778 26.5 3,112 26.5 0.0 1 1.000 

   Female 10,795 73.5  2,159 73.5 8,636 73.5    

Race
b,c

       39.0 3 <0.0001 

    White  1,850 35.9 345 29.5 1,505 36.5    

     African-American 1,701 32.1 359 30.7 1,342 32.5    

     Hispanic 1,715 32.4 462 39.5 1,253 30.3    

     Other     33  0.6    4  0.3     29  0.7    

Year of cohort entry
b
       88.0 6 <0.0001 

     2002 3,255 22.2 766 26.1 2,489 21.2    

     2003 4,015 27.3 894 30.4 3,121 26.6    

     2004 2,281 15.5 424 14.4 1,857 15.8    

     2005 1,867 12.7 330 11.2 1,537 13.1    

     2006 1,597 10.9 273   9.3 1,324 11.3    

     2007 1,286  8.8 209   7.1 1,077  9.2    

     2008    384  2.6   41  1.4    343  2.9    
a. T-test value.  
b. 2 –

 value. 
c.  

N=5,299; Excludes 9,386 (63.9%) patients whose race/ethnicity data were missing or unknown. 
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Exposure status and Clinical covariates 

Table 4.41 shows t-test and chi-square comparisons of exposure status, 

antidepressant classes and clinical covariates between cases and controls. Overall, the 

majority of patients in the study sample were antidepressant users (78.4%) while the rest 

were benzodiazepine users (21.6%). A chi-square comparison of the exposure status 

between cases and controls revealed that exposure status differed significantly between 

cases and controls (
2
=104.8; d.f =1; p<0.0001).  Cases (85.4%) were more likely to be 

exposed to antidepressant agents than controls (76.7%). Regarding antidepressant classes, 

the majority of patients in the study sample were prescribed SSRIs (50.7%).  A chi-

square comparison of antidepressant classes between cases and controls revealed that 

there were no differences in use of antidepressant classes between cases and controls 

(
2
=7.3; d.f.=3; p=0.0628). 

Regarding clinical covariates, bivariate analyses revealed that there were 

significant differences between cases and controls for persistence (continuous), number 

of concomitant diabetogenic medications, and treatment duration. On average, patients 

were persistent on their index medications for 298 days (SD=430.4). Approximately one-

quarter (24.4%) of patients persisted for more than 365 days.  Bivariate analyses for 

persistence revealed that cases (Mean=313.5; SD=457.0) persisted longer than controls 

(Mean=294.1; SD=423.4) [p<0.05]. Bivariate analyses also revealed that cases had a 

higher mean (SD) number of diabetogenic medications (1.81.1 vs. 1.4 1.0) and longer 

mean treatment duration (1117.7741.9 vs. 987.6701.2) than controls (p<0.0001). There 
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were no significant differences between cases and controls for medication adherence 

(continuous: p=0.8269; dichotomous: p=0.0826), persistence (dichotomous; p=0.9617) 

Chronic Disease Score (p=0.7611), and dual exposure (p=0.0516).   
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Table 4.41   T-test and chi-square comparison of exposure status, antidepressant classes, clinical characteristics (MPR,  

persistence, number of diabetogenic medications, Chronic Disease Score), year of cohort entry, and dual exposure  

between cases and controls (N=14,685)  

 

Variable  Total 

 (14,685) 

Cases   

(N=2,937) 

Controls  

(N=11,748) 

Test-

statistic 

d.f. p-value 

 N % N % N %    

Independent variables          

Exposure status        104.8 1 <0.0001 

   Benzodiazepine  3,171 21.6      430 14.6 2,741 23.3    

   Antidepressants 11,514 78.4   2,507 85.4 9,007 76.7    

Antidepressant class       7.3 3 0.0628 

   TCA 1,524 13.2      346 13.8 1,178 13.1    

   SSRI 5,840 50.7   1,234 49.2 4,606 51.1    

   SNRI 1,709 14.8     409 16.3 1,300 14.4    

   Other 2,441 21.2     518 20.7 1,923 21.4    

Covariates  Mean SD Mean SD Mean SD    

   MPR     60.8 30.9     60.9 30.1   60.7 31.1 0.2 14683 0.8269 

   MPR 80%,%  5,181 35.3     996 33.9 4,185 35.6 3.0 1 0.0826 

   Persistence
a 
 298.0 430.4   313.5  457.0 294.1  423.4 NA NA 0.0051 

   Persistence >365 days,%  3,580  24.4      715 24.3 2,865 23.4  0.002 1 0.9617 

   Diabetogenic drugs
a
     1.4    1.1      1.8      1.1    1.4  1.0     NA NA <0.0001 

   Chronic Disease Score
a
    1.7   1.9     1.7  1.9    1.7 1.9      NA NA 0.7611 

   Treatment duration
a
 1013.6 711.4 1117.7  741.9 987.6 701.2 NA NA <0.0001 

   Treatment duration>365,% 11,412   77.7   2,351 80.0 9,061   77.1    11.6 1 0.0007 

   Dual exposure,% 2,284 15.5      491 16.7 1,793   15.3 3.8 1 0.0516 
a. Wilcoxon test.
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Table 4.42 shows the frequency distribution of index benzodiazepine medications 

in the study sample. The majority of patients were prescribed alprazolam (46.9%), 

lorazepam (22.9%), clonazepam (14.3%), and diazepam (13.5%).       

 

 

Table 4.42   Frequency distribution of index benzodiazepines in the study sample  

(N= 3,171) 

 

Drug name N % 

Alprazolam  1,486 46.9 

Chlordiazepoxide      21  0.7 

Clonazepam    453 14.3 

Clorazepate    35   1.1 

Diazepam   427 13.5 

Flurazepam    16   0.5 

Lorazepam   726 22.9 

Oxazepam    7   0.2 

Total        3,171          100.0 
Note:  No prescription claims were filled for estazolam, temazepam and triazolam at index. 
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4.4.1.2    Conditional Logistic Regression Models (Objective 9: Entire Study Cohort)  

Conditional logistic regression models (matching on age and gender) were 

constructed comparing the incidence of diabetes according to exposure status, 

antidepressant class, and antidepressant classes vs. benzodiazepines, while controlling for 

covariates. The following section discusses the results of conditional logistic regression 

analyses.  

Incidence of diabetes by exposure status 

H0 (9a):  Incidence of diabetes will not differ significantly when stratified by 

exposure status, while controlling for covariates. 

Table 4.43 shows the results of the conditional logistic regression model 

comparing incidence of diabetes according to exposure status, while controlling for 

covariates.  The overall statistics for the model testing the null hypothesis that all 

parameter estimates are equal to zero indicated that the null hypothesis was rejected 

(p<0.0001). Multicollinearity between predictor variables was assessed using a multiple 

linear regression model. Tolerance coefficients for the predictor variables ranged from 

0.737 (medication adherence) to 0.999 (Chronic Disease Score). The variance inflation 

(1/Tolerance) coefficients ranged from 1.001 (Chronic Disease Score) to 1.356 

(medication adherence). Tolerance coefficients greater than 0.1 and variance inflation 

factor coefficients less than 10 indicate that there is no multicollinearity between 

covariates in the model. 
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 Exposure to antidepressants was associated with a significant increase in the risk 

of diabetes. Patients who received antidepressants had a 54.1 percent higher risk of 

diabetes than patients who received benzodiazepines (ORadj. =1.541; 95% CI: 1.368 – 

1.735). Significant predictors of diabetes in the model were the number of concomitant 

diabetogenic medications and year of cohort entry. Use of each additional diabetogenic 

medication was associated with a 55.5 percent increase in the risk of diabetes (ORadj. 

=1.555; 95% CI: 1.488 – 1.626). Each year increase in the year of cohort entry was 

associated with a 7.1 percent decrease in the risk of diabetes (ORadj. =0.928; 95% CI: 

0.905 – 0.952). Medication adherence (MPR), persistence, Chronic Disease Score, and 

dual exposure were not significant predictors of diabetes. The effect of gender and age 

were not estimated as they were matching variables. 

 Race/ethnicity data were missing for the majority (63.9%) of patients in the study 

sample. Table 4.44 shows the conditional logistic regression model comparing the risk of 

diabetes according to exposure status for patients that had valid race/ethnicity data 

(N=5,299).  Within the study sample, 1,170 (22.1%) patients developed type 2 diabetes. 

In this model, use of antidepressant agents was associated with a 76.1 percent increase in 

the risk of diabetes (ORadj. =1.761; 95% CI: 1.459 – 2.124). Race/ethnicity, concomitant 

diabetogenic medications, and year of cohort entry were significant predictors of diabetes 

in this model. Non-white patients had a 27.7 percent higher risk of diabetes compared 

with Whites (ORadj. =1.277; 95% CI: 1.102 – 1.481). Each year increase in year of cohort 

entry was associated with a 9.6 percent decrease in the risk of diabetes (ORadj. =0.914; 

95% CI: 0.874 – 0.955). Use of each additional diabetogenic medication was associated 
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with a 51.2 percent increase in the risk of diabetes (ORadj. =1.512; 95% CI: 1.406 – 

1.626). 

In additional analyses, there were no significant differences in the risk of diabetes 

between African-Americans and Whites (ORadj. =0.997; 95% CI: 0.835 – 1.191). 

However, Hispanics were 55.9 percent more likely to develop diabetes than Whites 

(ORadj. =1.559; 95% CI: 1.317 – 1.846) [See Table 4.45 footnote]. 

H0 (9a):          Rejected. 
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Table 4.43   Conditional logistic regression model comparing the risk of incident diabetes between exposed  

(antidepressant users) and unexposed (benzodiazepine users) groups (N=14,685) while controlling for covariates 

 

Variable Parameter 

Estimate  

Standard 

Error 

Wald Chi-

Square 

p-value  Adjusted 

Odds Ratio 

95% Confidence 

Interval 

Exposure status
a
       

Antidepressants 0.4325 0.060 50.95 <0.0001 1.541 1.368 – 1.735 

Clinical variables       

MPR      0.0002 0.001        0.07 0.8245 1.000 0.999 – 1.002 

Persistence, >365 days
b
    -0.0959 0.056        2.94 0.0865 0.909 0.814 – 1.014  

Diabetogenic  drugs     0.4418 0.022    383.19  <0.0001 1.555 1.488 – 1.626 

Chronic Disease Score, 1
c
     -0.0423 0.042        0.99    0.3193 0.959 0.882 – 1.042 

Year of cohort entry
d
    -0.0743 0.013      32.30  <0.0001 0.928 0.905 – 0.952 

Dual exposure
e
    -0.1085 0.059        3.36 0.0667 0.897 0.799 – 1.008 

  

Model Parameters: Likelihood Ratio=578.93; d.f.=7; p<0.0001; Score=562.05; d.f.=7; p<0.0001; Wald=538.68; d.f.=7; p<0.0001;  Gender and 

age at cohort entry were matching variables. Survival time ( treatment duration) was a risk-set defining variable. 
a. Reference: Benzodiazepines. 
b. Reference: Persistence ≤365 days. 
c. Reference: Chronic Disease Score=0. 
d.  

Year of cohort entry treated as a continuous variable from 2002 to 2008.
 

e.  
Indicates exposure to both antidepressants and benzodiazepines at index. 

MPR: Medication Possession Ratio.  
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Table 4.44   Conditional logistic regression model comparing the risk of incident diabetes between exposed  

(antidepressant users) and unexposed (benzodiazepine users) groups (N=5,299 [Excludes patients whose  

race/ethnicity was missing]) while controlling for covariates, including race/ethnicity 

 

Variable Parameter 

Estimate  

Standard 

Error 

Wald Chi-

Square 

p-value  Adjusted 

Odds Ratio 

95% Confidence 

Interval 

Exposure status
a
       

Antidepressants  0.5657  0.096 34.85  <0.0001 1.761 1.459 – 2.124 

Demographic variable       

Race, non-white
b
  0.2447 0.075 10.50 0.0012 1.277 1.102 – 1.481 

Clinical variables       

MPR  -0.0016 0.001 1.61 0.2049 0.998 0.996 – 1.001 

Persistence, >365 days
c
 -0.0259 0.093 0.08 0.7804 0.974 0.812 – 1.169  

Diabetogenic  drugs  0.4133 0.037    123.49  <0.0001 1.512 1.406 – 1.626 

Chronic Disease Score,  1
d
 -0.0845 0.069        1.48    0.2231 0.919 0.802 – 1.053 

Year of cohort entry
e
 -0.0902 0.023      15.79  <0.0001 0.914 0.874 – 0.955 

Dual exposure
f
 -0.1002 0.093        1.15 0.2832 0.905 0.753 – 1.086 

 

Model parameters: Likelihood Ratio=243.71; d.f.=8; p<0.0001; Score=232.15; d.f.=8; p<0.0001; Wald=221.14; d.f.=8; p<0.0001; Gender and 

age at cohort entry were matching variables. Survival time ( treatment duration) was a risk-set defining variable. 
a. Reference: Benzodiazepines. 
b. Reference: White race/ethnicity. 
c. Reference: Persistence ≤365 days. 
d. Reference: Chronic Disease Score=0. 
e.  

Year of cohort entry treated as a continuous variable from 2002 to 2008.
 

f.  
Indicates exposure to both antidepressants and benzodiazepines at index. 

MPR: Medication Possession Ratio.  

Additional analyses: African-Americans compared with whites (ORadj. =0.997; 95% CI: 0.835 – 1.191); Hispanics compared with whites (ORadj. 

=1.559; 95% CI: 1.317 – 1.846). 
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Incidence of diabetes by antidepressant class 

H0 (9b-d):  Incidence of diabetes will not differ significantly when stratified by 

antidepressant class (SSRIs(9b), SNRIs(9c), and Other(9d) compared with 

TCAs), while controlling for covariates. 

Table 4.45 shows the results of conditional logistic regression models comparing 

the incidence of diabetes according to antidepressant class, while controlling for 

covariates.  Three regression models comparing the incidence of diabetes between SSRIs 

and TCAs, SNRIs and TCAs, and Other and TCAs, respectively, were constructed. There 

were no significant differences in the risk of diabetes between SSRIs (ORadj. =0.916; 95% 

CI: 0.796 – 1.054) and SNRIs (ORadj. =1.164; 95% CI: 0.977 – 1.387) compared with 

TCAs, respectively. In contrast, Other antidepressants had a 15.4 percent lower risk of 

diabetes compared with TCAs (ORadj. =0.846; 95% CI: 0.720 – 0.995).   

H0 (9b):          Not Rejected.    H0 (9c):          Not Rejected.        H0 (9d):          Rejected. 

 

Table 4.45   Conditional Logistic regression models comparing the risk of incident  

diabetes among antidepressant classes while controlling for covariates 

 

Class
a
 N Parameter  

Estimate  

S.E Wald 

Chi-

Square 

p-value  Adj. 

Odds 

Ratio 

95% 

Confidence 

Interval 

SSRIs 7,364 -0.0874 0.071 1.49 0.2217 0.916 0.796 – 1.054 

SNRIs 3,233  0.1520 0.089 2.90 0.0884 1.164 0.977 – 1.387 

Other 3,965 -0.1672 0.082 4.10 0.0428 0.846 0.720 – 0.995 
a. Reference: TCAs.  

Covariates adjusted for in regression models: MPR, persistence, number of diabetogenic medications, 

chronic disease score, year of cohort entry, and dual exposure. Gender and age at cohort entry were 

matching variables. Survival time ( treatment duration) was a risk-set defining variable. 
 
  

Abbreviations: TCAs: tricyclic antidepressants; SSRIs: selective serotonin re-uptake inhibitors; 

SNRIs: serotonin-norepinephrine reuptake inhibitors.SE: standard error.
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Incidence of diabetes of antidepressant classes compared with benzodiazepines 

H0 (9e-h):  Incidence of diabetes will not differ significantly between antidepressant 

classes (TCAs(9e), SSRIs(9f), SNRIs(9g), Other(9h)) and benzodiazepines, 

while controlling for covariates. 

Table 4.46 shows the results of the conditional logistic regression models 

comparing the incidence of diabetes of antidepressant classes to that of benzodiazepines, 

while controlling for covariates.  Four regression models comparing the incidence of 

diabetes for TCAs, SSRIs, SNRIs, and Other with that of benzodiazepines, respectively, 

were constructed. TCAs, SSRIs, SNRIs, and Other antidepressants had a significantly 

higher risk of diabetes than benzodiazepines. Patients who used TCAs were 53.5 percent 

more likely to develop diabetes than patients who used benzodiazepines (ORadj. =1.535; 

95% CI: 1.285 – 1.832). Patients who used SSRIs had a 44.8 percent higher risk of 

diabetes than those who used benzodiazepines (ORadj. =1.448; 95% CI: 1.267 – 1.654). 

Patients who used SNRIs had an 87.9 percent higher risk than patients who used 

benzodiazepines (ORadj. =1.879; 95% CI: 1.572 – 2.246). Lastly, patients who used Other 

antidepressants had a 41.8 percent higher risk of diabetes than patients on 

benzodiazepines (ORadj. =1.418; 95% CI: 1.206 – 1.667).   

H0 (9e):            Rejected. 

H0 (9f):            Rejected. 

H0 (9g):           Rejected. 

H0 (9h):           Rejected. 
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Table 4.46   Conditional logistic regression models comparing the risk of incident  

diabetes between antidepressant classes and benzodiazepines while controlling for  

covariates 

 

Class
a 
 N Parameter 

Estimate  

S.E Wald 

Chi-

Square 

p-value  Adj. 

Odds 

 Ratio 

95% 

Confidence 

Interval 

TCAs 4,695 0.4282 0.090     22.43 <0.0001 1.535 1.285 – 1.832 

SSRIs 9,011 0.3701 0.068     29.69 <0.0001 1.448 1.267 – 1.654 

SNRIs 4,880 0.6309 0.091     48.08 <0.0001 1.879 1.572 – 2.246 

Other 5,612 0.3490 0.082     17.87 <0.0001 1.418 1.206 – 1.667 
 
a. Reference: Benzodiazepines. 

Covariates adjusted for in regression models: MPR, persistence, number of diabetogenic medications, 

chronic disease score, year of cohort entry, and dual exposure. Gender and age at cohort entry were 

matching variables. Survival time ( treatment duration) was a risk-set defining variable. 
 
  

Abbreviations: TCAs: tricyclic antidepressants; SSRIs: selective serotonin re-uptake inhibitors; 

SNRIs: serotonin-norepinephrine reuptake inhibitors. SE: standard error.
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4.4.2    Part B: Nested Case-Control Design within the Exposed Cohort (Objective  

            10) 

4.4.2.1    Descriptive Statistics for the Matched Study Sample (N=12,535) 

Demographic characteristics and year of cohort entry 

Table 4.47 shows the chi-square comparison of demographic characteristics and 

year of cohort entry between cases and controls. As mentioned earlier, 2,507 patients 

(cases) in the exposed cohort developed diabetes. These cases (n=2,507) were matched 

with controls (n=10,028) from the exposed cohort using risk-set sampling as outlined in 

Chapter 3.  Patients were matched on age and gender. The total study sample size was 

12,535.  

The average age of patients in the study sample was 44.9 (SD=13.0). The majority 

(82.4%) of patients were aged 31-64 years and 17.6 percent were aged 18-30 years.   Age 

was a matching variable, therefore bivariate analyses comparing age between cases and 

controls revealed that patient age did not differ between cases and controls (T-test: 

p=0.9997; Chi-square test: p=1.0000).  The majority of patients were females (75.6%).  

Gender was also a matching variable, hence chi-square analysis comparing gender 

between cases and controls revealed that patient gender did not differ between cases and 

controls (p=1.0000).  

Race/ethnicity data were missing for the majority (64.5%) of patients in the study 

sample. Among those whose race/ethnicity data were available (N=4,450), there was a 

fairly even distribution of Whites (33.2%), Hispanics (34.6%), and African-Americans 

(31.4%). Asian-Americans, Native Hawaiians/Pacific Islanders and American 
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Indians/Alaska Natives constituted less than one percent of the sample (0.8%).   A chi-

square analysis comparing race/ethnicity between cases and controls revealed that patient 

race/ethnicity differed significantly between cases and controls (
2
=22.4; d.f.=3; 

p<0.0001). Cases were more likely than controls to be Hispanic (40.4% vs. 32.9%) and 

less likely to be White (29.6% vs. 34.2%) or African-American (29.7% vs. 31.9%).  

The majority (67.6%) of patients entered the cohort between 2002 and 2004. The 

highest proportion of patients entered the cohort in 2003 (28.5%) followed by 2002 

(23.9%) and 2004 (15.2%). The lowest proportion of patients entered the cohort in 2008 

(2.1%).  A chi-square analysis comparing year of cohort entry between cases and controls 

revealed that the year in which patients entered the cohort differed significantly between 

cases and controls (
2
=48.8; d.f.=6; p<0.0001). A higher proportion of cases than 

controls entered the study cohort in 2002 (26.5% vs. 23.2%) and 2003 (31.1% vs. 

27.9%). In contrast, a higher proportion of controls than cases entered the study cohort in 

2004 (15.4% vs. 14.7%), 2005 (12.0% vs. 11.2%), 2006 (10.7% vs. 8.7%), 2007 (8.5%  

vs. 6.5%) and 2008 (2.3% vs. 1.2%). 
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Table 4.47   T-test and chi-square comparisons of demographic characteristics and year of cohort  

entry between cases and controls (N=12,535) 

 

Variable  Total (N=12,535) Cases  (N=2,507) Controls (N=10,028) Test-

statistic 

d.f. p-value 

 N % N % N %  

Mean age (SD) years
a
   44.9 13.0 44.9 13.0  44.9 13.0 0 12,533 0.9997 

Age (years)
b
        0 1 1.000 

   18-30 2,210 17.6 442 17.6 1,768 17.6    

   31-64 10,325 82.4  2,065 82.4 8,260 82.4    

Gender
b
        0 1 1.000 

   Male 3,055 24.4 611 24.4 2,444 24.4    

   Female 9,480 75.6  2,444 75.6 7,588 75.6    

Race
b,c

       22.4 3 <0.0001 

    White  1,477 33.2 294 29.6 1,183 34.2    

     African-American 1,399 31.4 295 29.7 1,104 31.9    

     Hispanic 1,539     34.6 401 40.4 1,138 32.9    

     Other     35   0.8    3   0.3     32  0.9    

Year of cohort entry
b
       48.8 6 <0.0001 

     2002 2,994 23.9 665 26.5 2,329 23.2    

     2003 3,576 28.5 781 31.1 2,795 27.9    

     2004 1,911 15.2 369 14.7 1,542 15.4    

     2005 1,480 11.8 280 11.2 1,200 12.0    

     2006 1,296 10.3 219  8.7 1,077 10.7    

     2007 1,015  8.1 164  6.5   851  8.5    

     2008    263  2.1  29  1.2   234  2.3    
a. T-test value.  
b. 2 –

 value. 
c.  

N=4,450; Excludes  8,085 patients (64.5 %) whose race/ethnicity data were missing or unknown. 
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Recency of exposure and Clinical covariates 

Table 4.48 shows t-test and chi-square comparisons of recency of exposure, 

antidepressant class, and clinical covariates between cases and controls. As mentioned 

earlier, recency of exposure was defined as current use, former use, and non-use 

according to antidepressant use before the date of diabetes diagnosis. Controls were 

assigned the date of diagnosis of corresponding matched cases. Current use was defined 

as a prescription for an antidepressant agent that lasted into the 6-month period before the 

date of diabetes diagnosis. Former use was defined as prescription supply that ended 

more than 6 months before the date of diabetes diagnosis. Non-use was defined as the 

prescription supply that started after date of diabetes diagnosis.  

Overall, the majority of patients in the study sample were current users (58.6%) 

while the rest were non-users (21.8%) and former users (19.6%). A chi-square 

comparison of recency of exposure between cases and controls revealed that recency of 

exposure differed significantly between cases and controls (
2
=1085.0; d.f.=2; 

p<0.0001).  Cases (84.9%) were more likely to be current users than controls (52.1%).  

Controls (20.7%) were likely to be former users than cases (15.1%). All non-users were 

controls. Regarding antidepressant classes, the majority of patients in the study sample 

were prescribed SSRIs (50.2%).  A chi-square analysis comparing antidepressant classes 

between cases and controls revealed that there were no differences in use of 

antidepressant classes between cases and controls (
2
=4.8; d.f.=3; p=0.1848). 
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Table 4.48   Chi-square comparison of recency of exposure and antidepressant class between cases and controls  

(N=12,535[full study sample])  

 

Variable  Total  

(12,535) 

Cases  

 (N=2,507) 

Controls 

(N=10,028) 

Test-

statistic 

d.f. p-value 

 N % N % N %    

Independent variables          

Recency of exposure 
a
       1085.0 2 <0.0001 

   Non-use  2,732 21.8       0   0.0 2,732 27.2    

   Former use 2,254 19.6   378 15.1 2,076 20.7    

   Current use 7,349 58.6 2,129 84.9 5,220 52.1    

Antidepressant class       4.8 3 0.1848 

   TCAs 1,654 13.2   346 13.8 1,308 13.0    

   SSRIs 6,289 50.2 1,234 49.2 5,055 50.4    

   SNRIs 1,906 15.2   409 16.3 1,497 14.9    

   Other 2,686 21.4   518 20.7 2,168 21.6    
 

a. Current use: exposure extended to within 6 months of the date of diabetes diagnosis (Note: controls were assigned the date of diabetes for the 

corresponding cases); Former use: exposure ended more than 6 months before the date of diabetes diagnosis; Non-use: exposure started after the 

date of diabetes diagnosis. 

Abbreviations: TCAs: tricyclic antidepressants; SSRIs: selective serotonin re-uptake inhibitors; SNRIs: serotonin-norepinephrine reuptake 

inhibitors.
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Table 4.49 shows the t-test and chi-square comparison of medication adherence, 

persistence, number of diabetogenic medications, Chronic Disease Score, treatment 

duration, and dual exposure between cases and controls. Bivariate analyses revealed that 

there were significant differences between cases and controls for medication adherence 

(dichotomous), number of concomitant diabetogenic medications, and treatment duration. 

A higher percentage of controls (39.1%) were more adherent (MPR80%) than cases 

(35.8%) [p=0.0023]. Cases had a higher mean (SD) number of diabetogenic medications 

than controls (1.91.1 vs. 1.51.0) [p<0.0001]. There were no significant differences 

between cases and controls in medication adherence (continuous: p=0.0684), persistence 

(continuous: p=0.7536; dichotomous: p=0.1870), Chronic Disease Score (p=0.6199), and 

dual exposure (p=0.7259). 
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Table 4.49   T-test and chi-square comparisons of medication adherence, persistence, number of diabetogenic  

medications, Chronic Disease Score, treatment duration, and dual exposure between cases and controls (N=12,535[full  

study sample])  

 

Variable  Total  

(12,535) 

Cases   

(N=2,507) 

Controls 

(N=10,028) 

Test-

statistic 

p-value 

 Mean SD Mean SD Mean SD   

MPR   63.6 29.9   62.7 29.6  63.9 30.0 1.8 0.0684 

MPR 80% (%)
b
 4,822 38.5    898 35.8 3,924 39.1 9.3 0.0023 

Persistence
a
 320.0 442.9    328.4 468.1 317.9  436.3 NA 0.7536 

Persistence >365 days  (%)
b
 3,290 26.2    632 25.2 2,658 26.5 1.7 0.1870 

Diabetogenic drugs
a
    1.5 1.1   1.9 1.1    1.5 1.0 NA <0.0001 

Chronic Disease Score
a
  1.7    1.9       1.7     1.9    1.7      1.9  NA 0.6199 

Treatment
 
duration

a
 1031.3 710.1 1138.6 740.5 1004.5  699.8 NA <0.0001 

Treatment duration >365 days (%)
b
 9,947 79.3 2,031 81.0 7,916 78.9 5.3 0.0217 

Dual exposure (%)
b
 2,424 19.3   491 19.6 1,933 19.2 0.1 0.7259 

 
a. Wilcoxon test. 
b. 2

-test.  
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4.4.2.2    Descriptive Statistics for the Regression Analysis Sample (N=9,807) 

Demographic characteristics and year of cohort entry 

Inclusion of non-users in regression models will result in overestimation of the 

treatment effect estimates, given that none of the cases were non-users. To get more 

reliable estimates, non-users were excluded from all regression analyses. As mentioned 

earlier, 2,507 patients (cases) in the exposed cohort developed diabetes. These cases 

(n=2,507) were matched with controls (n=10,028) from the exposed cohort.  However, 

after excluding non-users, 7,296 controls remained in the study sample.  

Appendix G shows the t-test and chi-square comparison of the covariates between 

included controls and excluded controls. There were no statistical differences between 

included controls and excluded controls in gender and Chronic Disease Score. Although 

statistically significant, the differences between included controls and excluded controls 

on age, number of diabetogenic medications, and dual exposure were not practically 

significant. Included controls and excluded controls differed significantly on medication 

adherence, persistence, and year of cohort entry. Overall, included controls and excluded 

controls were comparable on the covariates. 

The total study sample size for regression analyses was 9,803 (78.2% of the 

original matched study sample). Table 4.50 shows the chi-square comparison of 

demographic characteristics and year of cohort entry between cases and controls in the 

regression analysis sample. The average age of patients in the study sample was 44.9 

(SD=13.0). The majority (82.0%) of patients were aged 31-64 years and 18.0 percent 
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were aged 18-30 years.   Age was a matching variable in the original matched study 

sample, therefore bivariate analyses comparing age between cases and controls revealed 

that patient age did not differ between cases and controls (t-test: t=1.2; d.f.=9,801; 

p=0.2306; Chi-square test: (
2
=0.3; d.f.=1; p=0.5825).  The majority of patients were 

females (75.3%).  Gender was also a matching variable, hence chi-square analysis 

comparing gender between cases and controls revealed that patient gender did not differ 

between cases and controls (
2
=0.2; d.f.=1; p=0.6326).  

Race/ethnicity data were missing for the majority (62.4%) of patients in the study 

sample. Among those whose race/ethnicity data were available (N=3,686), there was a 

fairly even distribution of Hispanics (34.9%), Whites (33.6%), and African-Americans 

(30.7%). Asian-Americans, Native Hawaiians/Pacific Islanders and American 

Indians/Alaska Natives constituted less than one percent of the sample (0.8%).   A chi-

square analysis comparing race/ethnicity between cases and controls revealed that patient 

race/ethnicity differed significantly between cases and controls (
2
=22.4; d.f.=3; 

p<0.0001). Cases were more likely to be Hispanic (40.4% vs. 32.9%) and less likely to be 

White (29.6% vs. 35.1%) or African-American (29.7% vs. 31.0%) than controls.  

The majority (80.8%) of patients entered the cohort between 2002 and 2004. The 

highest proportion of patients entered the cohort in 2003 (34.4%) followed by 2002 

(30.4%) and 2004 (16.0%). The lowest proportion of patients entered the cohort in 2008 

(0.5%).  A chi-square analysis comparing year of cohort entry between cases and controls 

revealed that the year in which patients entered the cohort differed significantly between 

cases and controls (
2
=244.5; d.f.=6; p<0.0001). A higher proportion of cases than 
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controls entered the study cohort in 2005 (11.2% vs. 9.5%), 2006 (8.7% vs. 4.4%), 2007 

(6.5% vs. 2.1%), and 2008 (1.2% vs. 0.3%). In contrast, a higher proportion of controls 

than cases entered the study cohort in 2002 (31.8% vs. 26.5%), 2003 (35.5% vs. 31.1%), 

and 2004 (16.4% vs. 14.7%). 

 

 

 

 

 

 

 

 

 

 

 

 



 

 291 

Table 4.50   T-test and chi-square comparisons of demographic characteristics and year of cohort entry between cases  

and controls (N=9,803) [Regression analysis sample size] 

 

Variable  Total  

(N=9,803) 

Cases   

(N=2,507) 

Controls  

(N=7,296) 

Test-

statistic 

d.f. p-value 

 N % N % N %    

Age (Mean, SD) years
a
   44.9 13.0 44.9 13.0  44.6 12.9 1.2 9,801 0.2306 

Age (years)
b 

       0.3 1 0.5825 

   18-30 1,764 18.0 442 17.6 1,322 18.1    

   31-64 8,039 82.0  2,055 82.4 5,974 81.9    

Gender
b
        0.2 1 0.6326 

   Male 2,424 24.7 611 24.4 1,813 24.8    

   Female 7,379 75.3  1,896 75.6 5,483 75.2    

Race (N=3,686)
b,c

       22.4 3 <0.0001 

  White  1,239 33.6 294 29.6  945 35.1    

   African-American 1,130 30.7 295 29.7  835 31.0    

   Hispanic 1,288 34.9 401 40.4  887 32.9    

   Other     29  0.8    3   0.3   26   1.0    

Year of cohort entry
b
       244.5 6 <0.0001 

   2002 2,982 30.4 665 26.5   2,317 31.8    

   2003 3,373 34.4 781 31.1   2,592 35.5    

   2004 1,568 16.0 369 14.7   1,199 16.4    

   2005    975  9.9 280 11.2 695  9.5    

   2006    541  5.5 219  8.7      322  4.4    

   2007   316  3.2 164  6.5      152  2.1    

   2008    48  0.5  29  1.2 19  0.3    
a. T-value. 
b. 2

-value.  
c. N=3,686; Excludes 6,117 patients (62.4 %) whose race/ethnicity data were missing or unknown.  
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Recency of exposure and Clinical covariates in the Regression Analysis sample  

Table 4.51 shows t-test and chi-square comparisons of recency of exposure, 

antidepressant classes, and clinical covariates between cases and controls in the sample 

used in regression analyses. Overall, the majority of patients in the study sample were 

current users (75.0%) vs. former users (25.0%). A chi-square comparison of recency of 

exposure between cases and controls revealed that recency of exposure differed 

significantly between cases and controls (
2
=177.9; d.f.=1; p<0.0001).  Cases (84.9%) 

were more likely to be current users than controls (71.6%).  Controls (28.4%) were more 

likely to be former users than cases (15.1%). A chi-square comparison of antidepressant 

classes between cases and controls revealed that there was a significant differences in the 

use of antidepressant classes between cases and controls (
2
=10.2; d.f.=3; p=0.0166). 

Cases were more likely than controls to use TCAs (13.8% vs. 12.4%) and SNRIs (16.3% 

vs. 14.5%). Controls were more likely than cases to use SSRIs (50.9% vs. 49.2%) and 

Other antidepressants (22.2% vs. 20.7%).  

Regarding clinical covariates, bivariate analyses revealed that there were 

significant differences between cases and controls for persistence, number of concomitant 

diabetogenic medications, and treatment duration. Controls (Mean=350.4; SD=482.0) 

were more persistent than cases (Mean=328.4; SD=468.1). In addition, a higher 

percentage of controls (28.4%) than cases (25.2%) persisted for more than 365 days 

(
2
=9.3; d.f.=1; p=0.0023).  Bivariate analyses also revealed that cases had a higher mean 

(SD) number of diabetogenic medications (1.91.1 vs. 1.51.1). Controls had a longer 
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mean (SD) treatment duration than cases (1180.5717.5 vs. 1138.6740.5). In addition, 

a higher percentage of controls (84.7%) than cases (80.8%) received treatment for more 

than 365 days (
2
=20.7; d.f.=1; p<0.0001).  There were no significant differences 

between cases and controls for medication adherence (p=0.2554), Chronic Disease Score 

(p=0.6131), and dual exposure (0.5630).   
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Table 4.51   T-test and chi-square comparisons of exposure status, antidepressant classes, clinical characteristics (MPR,  

persistence, number of diabetogenic medications, Chronic Disease Score), and dual exposure between cases and  

controls (N=9,803[Regression Analysis sample])  

 

Variable Total  

(9,803) 

Cases   

(N=2,507) 

Controls  

(N=7,296) 

Test-

statistic 

d.f. p-value 

 N % N % N %    

Independent variables          

Recency of exposure
a,b

         177.9 1 <0.0001 

   Former use 2,454 25.0    378 15.1 2,076 28.4    

   Current use 7,349 75.0 2,129 84.9 5,220 71.6    

Antidepressant class
b
       10.2 3   0.0166 

   TCAs 1,251 12.8    346 13.8    905 12.4    

   SSRIs 4,946 50.5 1,234 49.2 3,712 50.9    

   SNRIs 1,465 14.9    409 16.3 1,056 14.5    

   Other 2,141 21.8    518 20.7 1,623 22.2    

Covariates  Mean SD Mean SD Mean SD    

  MPR   62.1 30.5   62.7 29.6   61.9  30.0 1.2 4508.2   0.2460 

  MPR 80% (%)
b
 3,623 37.0   898 35.8 2,725  37.4 1.9 1   0.1711 

  Persistence
c
 344.8  478.5  328.4  468.1 350.4  482.0 NA NA   0.2433 

  Persistence >365 days (%)
b
 2,701 27.5   632 25.2 2,069  28.4 9.3 1   0.0023 

  Diabetogenic drugs
c
    1.6   1.1    1.9  1.1   1.5   1.1     NA NA <0.0001 

  Chronic Disease Score
c
    1.7      1.9   1.7  1.9   1.7  1.9     NA NA  0.6131 

  Treatment duration
c
 1169.8  723.7 1138.6  740.5 1180.5  717.5     NA NA  0.0035 

  Treatment duration>365 days (%)
b
 8,253 84.2 2,027 80.8 6,183 84.7    20.7 1 <0.0001 

  Dual exposure (%) 1,959 20.0   491 19.6 1,468 20.1 0.3 1  0.5630 
a. Current use: exposure extended to within 6 months of the date of diabetes diagnosis (Note: controls were assigned the date of diabetes for the corresponding case); Former use: 

exposure ended more than 6 months before the date of diabetes diagnosis. 
b. 2-test.    
c. Wilcoxon test. 
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4.4.2.3    Conditional Logistic Regression Models (Objective 10: Exposed Cohort)  

Conditional logistic regression models (matching on age and gender) were 

constructed comparing the incidence of diabetes according to recency of exposure, 

antidepressant class, and antidepressant classes (current) vs. former use, while controlling 

for covariates. The following section discusses the results of conditional logistic 

regression analyses.  

Incidence of diabetes by exposure status 

H0 (10a):  Incidence of diabetes will not differ significantly when stratified by 

recency of exposure, while controlling for covariates. 

Table 4.52 shows the results of the conditional logistic regression model 

comparing incidence of diabetes according to recency of exposure, while controlling for 

covariates.  The overall statistics for the model testing the null hypothesis that all 

parameter estimates are equal to zero indicated that the null hypothesis was rejected 

(p<0.0001). Multicollinearity between predictor variables was assessed using a multiple 

linear regression model. Tolerance coefficients for the predictor variables ranged from 

0.728 (medication adherence) to 0.999 (Chronic Disease Score). The variance inflation 

(1/Tolerance) coefficients ranged from 1.000 (Chronic Disease Score) to 1.373 

(medication adherence). Tolerance coefficients greater than 0.1 and variance inflation 

factor coefficients less than 10 indicate that there is no multicollinearity between 

covariates in the model. 
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Current use of antidepressants was associated with a significant increase in the 

risk of diabetes compared with former use. Current users had a 2.0-fold higher risk of 

diabetes than former users (ORadj. =1.995; 95% CI: 1.759 – 2.264). Significant predictors 

of diabetes in the model were medication adherence, persistence, number of concomitant 

diabetogenic medications, year of cohort entry, and dual exposure. The effects of gender 

and age were not estimated as they were matching variables.  

Each percent increase in medication adherence was associated with a 0.3 percent 

increase in the risk of diabetes (ORadj. =1.003; 95% CI: 1.001 – 1.005). Patients who 

persisted for more than 365 days were 31.4 percent less likely to develop diabetes than 

patients who persisted for less than 365 days (ORadj. =0.686; 95% CI: 0.606 – 0.777). Use 

of each additional diabetogenic medication was associated with a 40.9 percent increase in 

the risk of diabetes (ORadj. =1.409; 95% CI: 1.340 – 1.482). Each additional year of 

cohort entry was associated with a 22.9 percent increase in the risk for diabetes (ORadj. 

=1.229; 95% CI: 1.188 – 1.271). Patients who used antidepressants and benzodiazepines 

were 13.1 percent less likely to develop diabetes than patients who used antidepressants 

only (ORadj. =0.869; 95% CI: 0.770 – 0.981). The Chronic Disease Score was not a 

significant predictor of diabetes.   

 Race/ethnicity data were missing for the majority (62.4%) of patients in the study 

sample. Table 4.53 shows the conditional logistic regression model comparing the risk of 

diabetes according to recency of exposure for patients that had valid race/ethnicity data 

(N=3,686).  Of the study sample, 993 (26.9%) patients developed type 2 diabetes. In this 

model, current users were 2.0-fold more likely to develop diabetes than former users 
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(ORadj. =1.958; 95% CI: 1.601 – 2.394). Race/ethnicity, persistence, number of 

concomitant diabetogenic medications, and year of cohort entry were significant 

predictors for diabetes in the model. Non-white patients had a 20.5 percent higher risk of 

diabetes compared White patients (ORadj. =1.205; 95% CI 1.019 – 1.425).  

In additional analyses, there were no significant differences in the risk of diabetes 

between African-Americans and Whites (ORadj. =0.978; 95% CI: 0.798 – 1.198). 

However, Hispanics were 42.2 percent more likely to develop diabetes than Whites 

(ORadj. =1.422; 95% CI: 1.177 – 1.719) [See Table 4.53 footnote].    

 

H0 (10a):        Rejected. 
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Table 4.52   Conditional logistic regression model comparing the risk of incident diabetes between current  

antidepressant users and former antidepressant users (N=9,803) while controlling for covariates 

 

Variable Parameter 

Estimate  

Standard 

Error 

Wald Chi-

Square 

p-value  Adjusted 

Odds 

Ratio 

95% Confidence 

Interval 

Recency of exposure
a
       

Current use 0.6908 0.064 114.89 <0.0001 1.995 1.759 – 2.264 

Clinical variables       

MPR  0.0032 0.001   11.97   0.0005 1.003 1.001 – 1.005 

Persistence, >365 days
b
      -0.3764 0.063   35.33 <0.0001 0.686 0.606 – 0.777 

Diabetogenic  drugs       0.3430 0.026 176.53 <0.0001 1.409 1.340 – 1.482 

Chronic Disease Score, 1
c
 0.0085 0.048         0.03  0.8600 1.009 0.918 – 1.108 

Year of cohort entry
d
 0.2061 0.017 145.26 <0.0001 1.229 1.188 – 1.271 

Dual exposure
e
      -0.1400 0.062    5.16   0.0230 0.869 0.770 – 0.981 

  

Model parameters: Likelihood Ratio=535.80; d.f.=7; p<0.0001; Score=517.51; d.f.=7; p<0.0001; Wald=487.04; d.f.=7; p<0.0001; Gender and 

age at cohort entry were matching variables. Survival time ( treatment duration) was a risk-set defining variable. 
a.  Reference: Former antidepressant use; Current antidepressant use= exposure extended to within 6 months of the date of diabetes diagnosis (Note:   

controls were assigned the date of diabetes of diabetes for the corresponding case); Former use= exposure ended more than 6 months before the 

date of diabetes diagnosis. 
b. Reference: Persistence≤ 365 days. 
c. Reference: Chronic Disease Score=0. 
d. Year of cohort entry treated as a continuous variable from 2002 to 2008. 
e. Indicates exposure to both antidepressants and benzodiazepines at index; Reference: exposure to either antidepressants or benzodiazepines 

MPR: Medication Possession Ratio.  
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Table 4.53   Conditional logistic regression model comparing the risk of incident diabetes between current  

antidepressant users and former antidepressant users (N=3,686)
* 

while controlling for covariates (including  

race/ethnicity) 

  

Variable Parameter 

Estimate  

Standard 

Error 

Wald Chi-

Square 

p-value  Adjusted 

Odds 

Ratio 

95% Confidence 

Interval 

Recency of exposure
a
       

Current use 0.6717 0.103 42.77 <0.0001 1.958 1.601 – 2.394 

Race/ethnicity
b,c

       

 Non-white  0.1865 0.085   4.77  0.0290 1.205 1.019 – 1.425 

Clinical variables       

MPR  0.0015 0.001   0.99  0.3196 1.001 0.999 – 1.004 

Persistence >365 days
d
       -0.3095 0.105   8.74  0.0031 0.734 0.598 – 0.901 

Diabetogenic  drugs 0.3402 0.042 64.26   <0.0001 1.405 1.293 – 1.527 

Chronic Disease Score 1
e
 0.0331 0.078        0.18     0.6714 1.034 0.887 – 1.204 

Year of cohort entry
f
 0.1886 0.029 41.07 <0.0001 1.208 1.140 – 1.279 

Dual exposure
g
       -0.1332 0.096   1.91  0.1663 0.875 0.725 – 1.057 

 

Model parameters: Likelihood Ratio=180.85; d.f.=8; p<0.0001; Score=173.36; d.f.=8; p<0.0001; Wald=164.24; d.f.=8; p<0.0001; Gender and age at cohort 

entry were matching variables. 
a.  Reference: Former antidepressant use; Current antidepressant use= exposure extended to within 6 months of the date of diabetes diagnosis (Note:   controls were 

assigned the date of diabetes of diabetes for the corresponding case); Former use= exposure ended more than 6 months before the date of diabetes diagnosis. 
b.  Excludes 6,117 (62.4%) patients whose race/ethnicity data were missing or unknown. 
c. Reference: White. 
d. Reference: Persistence≤ 365 days. 
e. Reference: Chronic Disease Score=0. 
f. Year of cohort entry treated as a continuous variable from 2002 to 2008. 
g. Indicates exposure to both antidepressants and benzodiazepines at index; Reference: exposure to either antidepressants or benzodiazepines 

MPR: Medication Possession Ratio.  

Additional analyses: African Americans compared with whites (ORadj. =0.978; 95% CI: 0.798 – 1.198); Hispanics compared with whites (ORadj. =1.422; 95% CI: 

1.177 – 1.719). 
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Incidence of diabetes according antidepressant class (current and former use) 

H0 (10b-d): Incidence of diabetes will not differ significantly when comparing 

different antidepressant classes (SSRIs(10b), SNRIs(10c), Other(10d) compared 

with TCAs), while controlling for covariates. 

Table 4.54 shows the results of conditional logistic regression models comparing 

the incidence of diabetes according to antidepressant class, while controlling for 

covariates.  Three regression models comparing the incidence of diabetes between SSRIs 

and TCAs, SNRIs and TCAs, and Other and TCAs, respectively, were constructed. There 

were no significant differences in the risk of diabetes between SSRIs (ORadj. =0.891; 95% 

CI: 0.771 – 1.031) and SNRIs (ORadj. =1.024; 95% CI: 0.854 – 1.228) compared with 

TCAs. On the other hand, Other antidepressants were associated with 20.6 percent lower 

risk of diabetes than TCAs (ORadj. =0.794; 95% CI: 0.671 – 0.939).   

H0 (10b):      Not Rejected. H0 (10c):       Not Rejected. H0 (10d):         Rejected. 

 

Table 4.54   Conditional Logistic regression model comparing the risk of incident  

diabetes between antidepressant classes compared with TCAs while controlling for  

covariates 

 

Class
a
      N Parameter  

Estimate  

S.E. Wald 

Chi-

Square 

p-value  Adj. 

Odds  

Ratio 

95% Confidence 

Interval 

SSRIs 6,197 -0.1150 0.074 2.40 0.1210 0.891 0.771 – 1.031 

SNRIs 2,716  0.0235 0.093 0.06 0.8001 1.024 0.854 – 1.228 

Other 3,392    -0.2311 0.086 7.22 0.0072 0.794 0.671 – 0.939 
a. Reference: TCAs. 

Covariates adjusted for in regression models: MPR, persistence, number of diabetogenic medications, 

chronic disease score, year of cohort entry, and dual exposure. Gender and age at cohort entry were 

matching variables. 
 
  

Abbreviations: TCAs: tricyclic antidepressants; SSRIs: selective serotonin re-uptake inhibitors; 

SNRIs: serotonin-norepinephrine reuptake inhibitors; SE: standard error. 
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Comparing incidence of diabetes between current use of antidepressant classes to 

former antidepressant users 

H0 (10e-h):  Incidence of diabetes will not differ significantly between current users of  

antidepressant classes (TCAs(10e), SSRIs(10f), SNRIs(10g), Other(10h)) and 

former users, while controlling for covariates. 

Table 4.55 shows the results of conditional logistic regression models comparing 

the incidence of diabetes between current users of antidepressant classes to that of former 

users, while controlling for covariates.  Four regression models comparing the incidence 

of diabetes for current use of TCAs, SSRIs, SNRIs, and Other with that of former use, 

respectively, were constructed. There were significant differences in the risk of diabetes 

between current use of antidepressant classes and former antidepressant use. Current use 

of TCAs was associated with 2.2-fold increase in the risk of diabetes compared with 

former use (ORadj. =2.224; 95% CI: 1.815 – 2.724). Similarly, current use of SSRIs was 

associated with 2.0-fold increase in the risk of diabetes compared with former use (ORadj. 

=1.984; 95% CI: 1.725 – 2.282). Current use of SNRIs was associated with a 2.2-fold 

increase in the risk of diabetes compared with former users (ORadj. =2.228; 95% CI: 1.851 

– 2.683). Lastly, current use of Other antidepressants was associated with a 1.8-fold 

increase in the risk of diabetes compared with former user (ORadj. =1.756; 95% CI: 1.479 

– 2.085).  

H0 (10e):          Rejected.                 H0 (10f):           Rejected. 

H0 (10g):          Rejected.   H0 (10h):          Rejected. 
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Table 4.55   Conditional logistic regression models comparing the risk of incident  

diabetes between current users of different antidepressant classes and former users  

of antidepressants while controlling for covariates 

 

Class
a 
     N Parameter 

Estimate  

S.E Wald 

Chi-

Square 

p-value  Adj. 

Odds  

Ratio 

95% 

Confidence 

Interval 

TCAs 3,328 0.7991 0.103 59.54  <0.0001 2.224   1.815 – 2.724 

SSRIs 6,150 0.6852 0.071 92.40   <0.0001 1.984 1.725 – 2.282 

SNRIs 3,644 0.8013 0.095 71.72  <0.0001 2.228 1.851 – 2.683 

Other 4,043 0.5629 0.088 41.30  <0.0001 1.756 1.479 – 2.085 
 
a. Reference: Former antidepressant use; Current antidepressant use= exposure extended to within 6 

months of the date of diabetes diagnosis (Note: controls were assigned the date of diabetes of diabetes 

for the corresponding case); Former use= exposure ended more than 6 months before the date of 

diabetes diagnosis. 

Covariates in regression models: MPR, persistence, number of diabetogenic medications, chronic 

disease score, year of cohort entry, and dual exposure. Gender and age at cohort entry were matching 

variables. 
 
  

Abbreviations: TCAs: tricyclic antidepressants; SSRIs: selective serotonin re-uptake inhibitors; 

SNRIs: serotonin-norepinephrine reuptake inhibitors; SE: standard error. 
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4.5    SUMMARY OF STUDY RESULTS 

Table 4.56 shows the summary of the regression analyses for the central research 

purpose (Objective 7 through Objective 10). Using different analytic approaches, the 

present study found that the use of antidepressants was associated with a significant 

increase in the risk of type 2 diabetes mellitus. In the retrospective cohort design, Cox 

proportional hazards regression and logistic regression modeling were used to examine 

the association between antidepressants and diabetes. Cox regression modeling revealed 

that antidepressants were associated with a 60.0 percent significant increase in the risk of 

diabetes compared with benzodiazepines (HRadj. =1.600; 95% CI: 1.437 – 1.783). 

Logistic regression modeling revealed that antidepressants were associated with a 48.9 

percent significant increase in the risk of diabetes compared with benzodiazepines (RRadj. 

=1.489; 95% CI: 1.331 – 1.667). Using a nested case-control within the entire study 

cohort, antidepressants were associated with a 54.1 percent increase in the risk of 

diabetes (ORadj. =1.541; 95% CI: 1.368 – 1.735) compared with benzodiazepines. Using a 

nested case-control within the exposed cohort, current antidepressant use was associated 

with a 2.0-fold higher risk of diabetes than former antidepressant use (ORadj. =1.995; 95% 

CI: 1.759 – 2.264). 

Regarding antidepressant class, results varied across different analytic approaches 

when SSRIs, SNRIs, and Other antidepressants were compared with TCAs. Overall, the 

results from the four analytic approaches revealed that there were no differences in the 

risk of diabetes between SSRIs and TCAs and SNRIs and TCAs. On the other hand, 

Other antidepressants had a significantly lower risk of diabetes compared with TCAs. 



 

 304 

When individual antidepressant classes were compared with benzodiazepines, all the 

analytic approaches gave similar results. TCAs, SSRIs, SNRIs, and Other antidepressants 

were all associated with an increased risk of diabetes compared with benzodiazepines.  

Regarding individual antidepressant agents, only amitriptyline, escitalopram, 

sertraline, and trazodone were compared with benzodiazepines using two analytic 

approaches. The results from the two analytical approaches revealed that amitriptyline, 

escitalopram, sertraline, and trazodone were all associated with an increased risk of 

diabetes compared with benzodiazepines. The effect of treatment duration was examined 

using one analytic approach. Among antidepressant users, there was a relationship 

between treatment duration and the risk of diabetes. Long-term treatment duration (>12 

months) was associated with an increased risk of diabetes compared with short-term 

treatment duration (<3 months). However, there was no difference in the risk of diabetes 

between medium-term treatment duration (3-12 months) and short-term duration. In 

contrast to antidepressant users, the relationship between treatment duration and diabetes 

was not observed among benzodiazepine users.  

Table 4.57 shows a summary of hypothesis testing results for the study from 

Phase I through Phase IV.    
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Table 4.56   Summary of regression analyses for Objective 7 through Objective 10 
 

Independent variables Study phase        Phase II
1
         Phase III

2
  Phase IV Part A

3
  Phase IV Part B

4
 

Objective 7 8 9 10 

Hypothesis testing Result
5
 Result

5
 Result

5
 Result

5
 

Exposure status/recency of exposure (Ref=BZP
6
/Former 

Use
7
) 

    

    Antidepressant
6
/Current Use

7
 Rejected

7a
 Rejected

8a
 Rejected

9a
 Rejected

10a
 

Antidepressant class (Ref=TCAs)     

    SSRIs Rejected
7b

         Not Rejected
8b

         Not Rejected
9b

        Not Rejected
10b

 

    SNRIs        Not Rejected
7c

         Not Rejected
8c

         Not Rejected
9c

        Not Rejected
10c

 

    Other       Rejected
7d

         Not Rejected
8d

 Rejected
9d

 Rejected
10d

 

Antidepressant classes (Ref=BZP
6 
/Former Use

7, 8
)     

    TCAs Rejected
7e

 Rejected
8e

 Rejected
9e

 Rejected
10e

 

     SSRIs Rejected
7f

 Rejected
8f

 Rejected
9f

 Rejected
10f

 

     SNRIs Rejected
7g

 Rejected
8g

 Rejected
9g

 Rejected
10g

 

     Other Rejected
7h

 Rejected
8h

 Rejected
9h

 Rejected
10h

 

Antidepressant agents (Ref=BZP
6
)     

    Amitriptyline Rejected
7i

 Rejected
8i

 NA NA 

    Escitalopram Rejected
7j

 Rejected
8j

 NA NA 

    Sertraline Rejected
7k

 Rejected
8k

 NA NA 

    Trazodone Rejected
7l

 Rejected
8l

 NA NA 

Treatment duration (Ref=short-term)     

    Medium-term NA         Not Rejected
8m

 NA NA 

    Long-term NA Rejected
8n

 NA NA 

 
1 Retrospective cohort analysis (Cox proportional hazards regression; entire study cohort; HRadj. =1.600; 95% CI: 1.437 – 1.783). 
2 Retrospective cohort analysis (Logistic regression; entire study cohort; RRadj. =1.489; 95% CI: 1.331 – 1.667). 
3 Nested case-control within entire study cohort (Conditional logistic regression; ORadj. =1.541; 95% CI: 1.368 – 1.735). 
4 Nested case-control within exposed study cohort (Conditional logistic regression; ORadj. =1.995; 95% CI: 1.759 – 2.264). 
5 Hypothesis number. 
6 Phase II, Phase III, Phase IV Part A. 
7 Phase IV part B. 
8 For Phase IV Part B: Comparisons were made between current use of TCAs, SSRIs, SNRIs, and Other vs. former use. 

Abbreviations: BZP: Benzodiazepines; TCAs: tricyclic antidepressants; SSRIs: selective serotonin re-uptake inhibitors; SNRI: serotonin-norepinephrine reuptake 

inhibitor; Ref=Reference. : Increased risk of diabetes; : Decreased risk of diabetes. 
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Table 4.57   Summary of Hypotheses Testing 
 

Study phase 

/Objective/ 

Hypothesis 

number 

Objective/Hypothesis Result  

PHASE I DEMOGRAPHIC CHARACTERISTICS AND CLINICAL 

COVARIATES 

 

Objective 1 To determine whether the demographic characteristics and year 

of cohort entry in the study sample differ when stratified by 

exposure status (i.e., whether exposed to antidepressants or 

benzodiazepines). 

 

H0 (1a) Mean age will not differ significantly when stratified by exposure 

status. 

Rejected  

H0 (1b) The proportion of patients in each gender category will not differ 

significantly when stratified by exposure status. 

Rejected 

H0 (1c) The proportion of patients in each race/ethnicity category will not 

differ significantly when stratified by exposure status. 

Rejected 

H0 (1d)  The proportion of patients in each year of cohort entry will not 

differ significantly when stratified by exposure status. 

Rejected 

Objective 2 To determine whether the proportion of patients prescribed 

diabetogenic medications (i.e., beta-blockers, alpha-blockers, 

thiazide diuretics, carbamazepine, phenytoin, valproate, lithium, 

antipsychotics, combined oral contraceptives containing 

norgesterol, and glucocorticoids) differs when stratified by 

exposure status and antidepressant class.  

 

H0(2a) The proportion of patients prescribed alpha-1 adrenergic blockers 

will not differ significantly when stratified by exposure status. 

Not Rejected 

H0(2b) The proportion of patients prescribed antipsychotics will not 

differ significantly, when stratified by exposure status. 

Rejected  

H0(2c) The proportion of patients prescribed beta-2 adrenergic blockers 

will not differ significantly when stratified by exposure status. 

Rejected 

H0(2d) The proportion of patients prescribed carbamazepine will not 

differ significantly when stratified by exposure status. 

Rejected 

H0(2e) The proportion of patients prescribed norgesterol-containing oral 

contraceptives will not differ significantly when stratified by 

exposure status. 

Rejected 

H0(2f) The proportion of patients prescribed phenytoin will not differ 

significantly when stratified by exposure status. 

Rejected 

H0(2g) The proportion of patients prescribed thiazide diuretics will not 

differ significantly when stratified by exposure status. 

Rejected 

H0(2h) The proportion of patients prescribed valproic acid will not differ 

significantly when stratified by exposure status. 

Rejected 

H0 (2i) Mean number of diabetogenic medications will not differ 

significantly when stratified by exposure status. 

Rejected 

H0 (2j) Mean number of diabetogenic medications will not differ 

significantly when stratified by antidepressant class. 

Rejected 
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Study phase 

/Objective/ 

Hypothesis 

number 

Objective/Hypothesis Result  

Objective 3 To determine whether the Chronic Disease Score differs when 

stratified by exposure status and antidepressant class.  

 

H0 (3a)  The Chronic Disease Score will not differ significantly when 

stratified by exposure status. 

Rejected 

H0 (3b)  The Chronic Disease Score will not differ significantly when 

stratified by antidepressant class. 

Rejected 

Objective 4 To determine whether treatment duration differs when stratified 

by exposure status and antidepressant class. 

 

H0 (4a) Treatment duration will not differ significantly when stratified by 

exposure status. 

Rejected 

H0 (4b) Treatment duration will not differ significantly when stratified by 

antidepressant class. 

Rejected 

Objective 5 To determine whether medication adherence (MPR) and 

persistence differs when stratified by exposure status and 

antidepressant class.  

 

H0 (5a) Medication possession ratio (MPR) will not differ significantly 

when stratified by exposure status. 

Rejected 

H0 (5b) Medication possession ratio (MPR) will not differ significantly 

when stratified by antidepressant class. 

Rejected 

H0 (5c) Persistence will not differ significantly when stratified by 

exposure status. 

Rejected  

H0 (5d) Persistence will not differ significantly when stratified by 

antidepressant class. 

Rejected 

PHASE II SURVIVAL ANALYSIS: TIME TO OCCURRENCE OF 

DIABETES 

 

Objective 6 To determine whether survival time (duration of treatment 

without diabetes) differs when stratified by exposure status and 

antidepressant class. 

 

H0 (6a) Survival time will not differ significantly when stratified by 

exposure status. 

Rejected 

H0 (6b) Survival time will not differ significantly when stratified by 

antidepressant class 

Rejected  

Objective 7 To determine whether survival time differences when stratified 

by exposure status (i.e., antidepressant users vs. benzodiazepine 

users) and antidepressant class, while controlling for covariates.  

 

H0 (7a) Survival time will not differ significantly when stratified  

according to exposure status, while controlling for covariates. 

Rejected 

H0 (7b) Survival time will not differ significantly in patients exposed to 

SSRIs compared with those exposed to TCAs, while controlling 

for covariates. 

Not Rejected  

H0 (7c) Survival time will not differ significantly in patients exposed to 

SNRIs compared with those exposed to TCAs, while controlling 

for covariates. 

Rejected  
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Study phase 

/Objective/ 

Hypothesis 

number 

Objective/Hypothesis Result  

H0 (7d) Survival time will not differ significantly in patients exposed to 

Other antidepressants compared with those exposed to TCAs 

while controlling for covariates. 

Rejected  

H0 (7e) Survival time will not differ significantly in patients exposed to 

TCAs compared with those exposed to benzodiazepines, while 

controlling for covariates. 

Rejected  

H0 (7f) Survival time will not differ significantly in patients exposed to 

SSRIs compared with those exposed to benzodiazepines, while 

controlling for covariates. 

Rejected  

H0 (7g) Survival time will not differ significantly in patients exposed to 

SNRIs compared with those exposed to benzodiazepines, while 

controlling for covariates. 

Rejected  

H0 (7h) Survival time will not differ significantly in patients exposed to 

Other antidepressants compared with those exposed to 

benzodiazepines, while controlling for covariates. 

Rejected  

H0 (7i) Survival time will not differ significantly in patients exposed to 

amitriptyline compared with those exposed to benzodiazepines, 

while controlling for covariates. 

Rejected  

H0 (7j) Survival time will not differ significantly in patients exposed to 

escitalopram compared with those exposed to benzodiazepines, 

while controlling for covariates. 

Rejected  

H0 (7k) Survival time will not differ significantly in patients exposed to 

sertraline compared with those exposed to benzodiazepines, 

while controlling for covariates. 

Rejected  

H0 (7l) Survival time will not differ significantly in patients exposed to 

trazodone compared with those exposed to benzodiazepines, 

while controlling for covariates. 

Rejected  

PHASE III INCIDENCE OF DIABETES USING A RETROSPECTIVE 

COHORT DESIGN 

 

Objective 8 Using a retrospective cohort design, determine whether the 

incidence of diabetes differs in the study population when 

stratified by exposure status, antidepressant class, and treatment 

duration (short-term, medium-term, long-term), while controlling 

covariates. 

 

H0 (8a) Incidence of diabetes will not differ significantly when stratified 

by exposure status, while controlling for covariates. 

Rejected 

H0 (8b) Incidence of diabetes will not differ significantly between 

patients exposed to SSRIs compared with those exposed to TCAs, 

while controlling for covariates. 

Not Rejected 

H0 (8c) Incidence of diabetes will not differ significantly between 

patients exposed to SNRIs compared with those exposed to 

TCAs, while controlling for covariates. 

Not Rejected 

H0 (8d) Incidence of diabetes will not differ significantly between Not Rejected 
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Study phase 

/Objective/ 

Hypothesis 

number 

Objective/Hypothesis Result  

patients exposed to Other antidepressants  compared with those 

exposed to TCAs, while controlling for covariates. 

H0 (8e) Incidence of diabetes will not differ significantly between 

patients exposed to TCAs compared with those exposed to 

benzodiazepines, while controlling for covariates. 

Rejected 

H0 (8f) Incidence of diabetes will not differ significantly between 

patients exposed to SSRIs compared with those exposed to 

benzodiazepines, while controlling for covariates. 

Rejected 

H0 (8g) Incidence of diabetes will not differ significantly between 

patients exposed to SNRIs compared with those exposed to 

benzodiazepines, while controlling for covariates. 

Rejected 

H0 (8h) Incidence of diabetes will not differ significantly between 

patients exposed to Other antidepressants compared with those 

exposed to benzodiazepines, while controlling for covariates. 

Rejected 

H0 (8i) Incidence of diabetes will not differ significantly between 

patients exposed to amitriptyline compared with those exposed to 

benzodiazepines, while controlling for covariates. 

Rejected 

H0 (8j) Incidence of diabetes will not differ significantly between 

patients exposed to escitalopram compared with those exposed to 

benzodiazepines, while controlling for covariates. 

Rejected 

H0 (8k) Incidence of diabetes will not differ significantly between 

patients exposed to sertraline compared with those exposed to 

benzodiazepines, while controlling for covariates. 

Rejected 

H0 (8l) Incidence of diabetes will not differ significantly between 

patients exposed to trazodone compared with those exposed to 

benzodiazepines, while controlling for covariates. 

Rejected 

H0 (8m) Incidence of diabetes will not differ significantly between 

patients medium-term treatment duration compared with those 

exposed to short-term treatment duration, while controlling for 

covariates. 

Not Rejected 

H0 (8n) Incidence of diabetes will not differ significantly between 

patients long-term treatment duration compared with those 

exposed to short-term treatment duration, while controlling for 

covariates. 

Rejected 

PHASE IV INCIDENCE OF DIABETES USING A NESTED CASE-

CONTROL DESIGN 

 

Part A Nested case-control within the entire cohort  

Objective 9 Using a nested case-control design within the entire cohort, 

determine whether the incidence of diabetes differs when 

stratified by exposure status, antidepressant class, and 

antidepressant class vs. benzodiazepines, while controlling for 

covariates. 

 

H0 (9a) Incidence of diabetes will not differ significantly when stratified Rejected 
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Study phase 

/Objective/ 

Hypothesis 

number 

Objective/Hypothesis Result  

by exposure status, while controlling for covariates. 

H0 (9b) Incidence of diabetes will not differ significantly between SSRIs 

and TCAs, while controlling for covariates. 

Not Rejected 

H0 (9c) Incidence of diabetes will not differ significantly between SNRIs 

and TCAs, while controlling for covariates. 

Not Rejected 

H0 (9d) Incidence of diabetes will not differ significantly between Other 

antidepressants and TCAs, while controlling for covariates. 

Rejected 

H0 (9e) Incidence of diabetes will not differ significantly between TCAs 

and benzodiazepines, while controlling for covariates. 

Rejected 

H0 (9f) Incidence of diabetes will not differ significantly between SSRIs 

and benzodiazepines, while controlling for covariates. 

Rejected 

H0 (9g) Incidence of diabetes will not differ significantly between SNRIs 

and benzodiazepines, while controlling for covariates. 

Rejected 

H0 (9h) Incidence of diabetes will not differ significantly between  

Other antidepressants and benzodiazepines, while controlling for 

covariates. 

Rejected 

Part B Nested case-control within the exposed cohort  

Objective 10 Using a nested case-control design within the exposed cohort, 

determine whether the incidence of diabetes differs when 

stratified by recency of antidepressant use (current vs. former), 

current use of antidepressant class, and current antidepressant 

class use vs. former use, while controlling for covariates. 

 

H0 (10a) Incidence of diabetes will not differ significantly when stratified 

by recency of exposure, while controlling for covariates. 

Rejected 

H0 (10b) Incidence of diabetes will not differ significantly between SSRIs 

and TCAs, while controlling for covariates. 

Not Rejected 

H0 (10c) Incidence of diabetes will not differ significantly between SNRIs 

and TCAs, while controlling for covariates. 

Not Rejected 

H0 (10d) Incidence of diabetes will not differ significantly between Other 

antidepressants and TCAs, while controlling for covariates. 

Rejected 

H0 (10e) Incidence of diabetes will not differ significantly between current 

TCAs use and former use, while controlling for covariates. 

Rejected 

H0 (10f) Incidence of diabetes will not differ significantly between current 

SSRI use and former use, while controlling for covariates. 

Rejected 

H0 (10g) Incidence of diabetes will not differ significantly between current 

SNRI use and former use, while controlling for covariates. 

Rejected 

H0 (10h) Incidence of diabetes will not differ significantly between current 

Other antidepressant use and former use, while controlling for 

covariates. 

Rejected 
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CHAPTER 5:  DISCUSSION AND CONCLUSIONS 

CHAPTER OVERVIEW  

This chapter provides a detailed discussion of the results of the study. The chapter 

begins with a brief review of the main study purpose. This is followed by a discussion of 

the study phase results and corresponding objectives. Possible explanations for the study 

findings are proposed, and potential clinical and public health implications of the study 

are reported. This is followed by a discussion of the study strengths and limitations. The 

chapter concludes by providing suggestions for future research.   

5.1    REVIEW OF STUDY PURPOSE 

This study had two main purposes. The first purpose was to determine whether 

use of antidepressants increases the risk of type 2 diabetes mellitus. The second purpose 

was to determine whether results differ when using two methodological designs: a 

retrospective cohort design and a nested case-control design. The study purposes were 

addressed using the Texas Medicaid prescription claims data from 2002 to 2009. The 

evidence from previous studies appeared to differ along methodological designs. 

Therefore, this study expands on findings from previous studies by comparing the 

treatment effect estimates obtained using different methodological approaches.  
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Study Objectives 

Ten objectives were addressed in this study. The results of the study are discussed 

according to the study objectives and corresponding hypotheses in line with the four 

study phases, i.e.: 

 Phase I: Demographic characteristics and clinical covariates (Objectives 1 – 5); 

 Phase II: Survival Analysis: Time to occurrence of diabetes (Objectives 6 and 7); 

 Phase III: Incidence of diabetes using a retrospective cohort design (Objective 8); 

 Phase IV: Incidence of diabetes using a nested case-control design (Objectives 9 

and 10). 

The results of Objectives 6 through Objective 10 are integrated according to the main 

independent variables. All hypotheses under different objectives examining the 

relationship between exposure to antidepressants and incidence of diabetes are discussed 

under the heading exposure status and diabetes. Similarly, all hypotheses examining the 

relationship between antidepressant class and incidence of diabetes are discussed under 

the heading antidepressant class and diabetes. Hypotheses examining the relationship 

between antidepressant agents and incidence of diabetes are discussed under the heading 

antidepressant agents and diabetes. Lastly, hypotheses examining the relationship 

between treatment duration and incidence of diabetes are discussed under the heading 

treatment duration and diabetes.  
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5.2    PHASE I: DEMOGRAPHIC CHARACTERISTICS AND CLINICAL COVARIATES 

 Phase I addressed five objectives. Objective 1 examined demographic variables 

and year of cohort entry. Objectives 2 through 5 examined clinical variables: concomitant 

diabetogenic medication use patterns; Chronic Disease Score; treatment duration; and 

medication adherence and persistence. The following section discusses the five 

objectives.  

5.2.1    Demographic Variables and Year of Cohort Entry 

Compared to the present study, which included patients aged 18-64 years with a 

mean (SD) age of 38.6 (SD=14.2), patients in the published observational studies were 

older (Mean age range: 45.5 – 56.0).
9-14

  Unlike the present study, which excluded 

patients  65 years (to avoid dual eligibles), the other studies included patients 65 years 

and one study focused on patients who were 65 years. In addition, the present study had 

a higher proportion of females (69.3%) than published studies (range: 53.3 – 68.0%).
9-14

  

Race/ethnicity data were missing for about two-thirds (66.6%) of the study 

sample. Among those whose race/ethnicity data were available (N=14,948), there was a 

fairly even distribution of Whites (34.1%), Hispanics (32.9%), and African-Americans 

(32.3%). Females, Hispanics, and African-Americans were over-represented in the study 

cohort compared to the general US population. However, these demographics are 

consistent with those expected from an adult Medicaid population.
228

 Previous studies 

were conducted in Australia, Canada, Finland, The Netherlands, and the United 

Kingdom, which are composed of populations that are predominately white.    
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Only one observational study compared the incidence of diabetes between 

antidepressant users and benzodiazepine users.
11

 Similar to the study by Knol et al., the 

present study observed that benzodiazepine users (Mean=42.4; SD=13.7) were 

significantly older (p<0.0001) than antidepressant users (Mean=37.6; SD=14.1). In 

contrast to the study by Knol et al.,  there was a higher proportion of females among 

antidepressant users (72.5%) than among benzodiazepine users (56.9%) in the present 

study.
11

       

The present study included patients who filled new prescriptions for 

antidepressants or benzodiazepines between 2002 and 2009. The maximum observation 

period in the present study was 8 years. This observation period was on the lower end 

compared to published observational studies which ranged from 8 to 16 years (Andersohn 

et al.: 1990 – 2005; Brown et al.: 1991 – 2001; Atlantis et al.: 1994 – 2004; Kivimaki et 

al.: 1995 – 2005; Knol et al.: 1996 – 2003).
9-14

 

 

5.2.2    Concomitant Diabetogenic Medications 

Concomitant use of diabetogenic medications may confound the relationship 

between antidepressants and diabetes. Overall, 74.9 percent of patients used at least one 

concomitant diabetogenic medication during follow-up. Antidepressant users (77.1%) 

were more likely than benzodiazepine users (66.1%) to use at least one diabetogenic 

medication during follow-up (p<0.0001).  The difference in the use of diabetogenic 

medications between treatment groups may suggest that antidepressant users may have 

been more predisposed to develop diabetes than benzodiazepine users by virtue of 
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concomitant diabetogenic medication use. Two published observational studies reported 

data on the concomitant use of diabetogenic medications in their study samples.
13-14

  

Compared to the present study, overall use of diabetogenic medications was lower in the 

studies by Andersohn et al. (approximately 20%)
14

 and Brown et al. (58%).
13

   

 

5.2.3    Chronic Disease Score 

The presence of chronic diseases may predispose patients to diabetes. In the 

present study, the Chronic Disease Score was computed to represent disease severity and 

comorbidity. Overall, 55.8 percent of patients had a Chronic Disease Score equal or 

greater than 1.0, indicating the presence of at least one chronic disease. Although not 

practically significant, there was a statistically significant difference in the prevalence of 

chronic diseases between antidepressant users (55.3%) and benzodiazepine users (57.5%) 

[p=0.0001]. Three published observational studies also adjusted for chronic diseases 

while examining the relationship between antidepressants and diabetes.
11-13

  

Similar to the present study, Knol et al. computed the Chronic Disease Score over 

a one-year period before the index date using the original Von Korff algorithm.
11, 256

 The 

prevalence of chronic diseases was much lower in the study Knol et al. (34.2%) 

compared to the present study. Similar to the present study, chronic diseases were more 

prevalent among benzodiazepine users (47.5%) than antidepressant users (35.1%) in the 

study by Knol et al.
11

 The other two studies did not compute the Chronic Disease Score, 

but reported the prevalence of chronic diseases such as hypertension, heart disease, and 

respiratory diseases among others.
12-13
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5.2.4    Treatment Duration  

The length of exposure to a risk factor is an important confounding factor when 

examining the relationship between a specific risk factor and an outcome of interest. In 

the present study, the average treatment duration was 2.3 years (SD=1.9) and the total 

follow-up time was 105,291 person-years. Compared to previous observational studies, 

the average treatment duration in the present study was shorter.
13-14

 The study by 

Andersohn et al. had an average treatment duration of 2.8 years (SD=not reported) and a 

total follow-up time of 464,116 person-years while the study by Brown et al. had an 

average follow-up time of 4.1 years (SD=2.8) and a total follow-up time of 9,803 person-

years.
13-14

   

 

5.2.5    Medication Adherence and Persistence 

As mentioned earlier, medication taking behaviors may confound the relationship 

between an exposure and an outcome of interest. In the present study, medication 

adherence and persistence were used as proxies for medication taking behaviors. Overall, 

medication adherence was suboptimal (Mean MPR=60.7; SD=30.9) and just over one-

third of patients (35.4%) were adherent (MPR80%) to their medications. Antidepressant 

users had higher medication adherence and longer persistence than benzodiazepine users 

(p<0.0001).  

The low adherence and persistence rates to antidepressants observed in the 

present study are consistent with what has been reported in literature.
264-268

 In recent 

studies, adherence rates to antidepressants ranged from 37.3 percent to 51 percent.
266-267
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In another recent study, antidepressant discontinuation rates increased from 57.6 percent 

in the first 30 days of therapy to  72.4 percent after 90 days of therapy.
268

 The observed 

low adherence to benzodiazepines was not surprising because chronic use of 

benzodiazepines is discouraged. Therefore, use of benzodiazepines is more likely to be 

intermittent rather than continuous in most patients. 

Further, there were significant differences in medication adherence and 

persistence among antidepressant classes in the present study (p<0.0001). Patients 

prescribed TCAs had the lowest medication adherence and persistence compared to 

patients prescribed SSRIs, SNRIs, and Other antidepressants. These findings are 

consistent with what has been reported in literature. In one study, patients treated with 

SSRIs or SNRIs were 2.34 times more likely to continue treatment beyond 90 days than 

patients treated with TCAs or other older antidepressant medications.
268

 Compared to 

other classes of antidepressants, TCAs are known to cause more severe adverse effects 

and therefore tend to be the least tolerated class of antidepressants.
46, 49
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5.3    PHASE II – PHASE IV: KAPLAN-MEIER CURVES AND REGRESSION ANALYSES          

 The main study purpose was addressed by Objectives 6 through Objective 10. 

These objectives were addressed in Phases II, III, and IV of the study. The results of the 

analyses are discussed according to the main indicator variables: exposure status, 

antidepressant class, antidepressant agents, and treatment duration. The following section 

discusses the results of the five objectives. 

 5.3.1    Incidence of Diabetes 

The incidence of diabetes in the study cohort was 6.6 percent (2,937/44,715), 

which is higher than that reported in the US population. In 2010, 1.9 million new cases 

(approximately 0.8%) of diabetes were diagnosed in people aged 20 years and older.
4
 The 

inconsistency in the incidence of diabetes between the study sample and the general US 

population cannot be fully explained by demographic differences.  

The prevalence of diabetes in the study (source) population of 8.7 percent 

(4,368/50,385) is consistent with that reported in both the US and Texas adult 

populations. In 2010, the estimated prevalence of diabetes in people aged 20 years and 

older was 11.3 percent.
4
  In 2008, the estimated prevalence of diagnosed diabetes in 

Texas adult population (18 years) was 9.7 percent (1.7 million).
231

 Patients with mental 

health disorders (14%) tend to have a higher prevalence of diabetes compared to the 

general population (6%).
269

 

 



 

 319 

5.3.2    Exopure Status/Recency of Exposure and Diabetes 

 

The main purpose of the present study was to determine whether antidepressant 

use is associated with an increased risk of type 2 diabetes mellitus. Using different 

analytic approaches, antidepressant use was associated with a significant increase in the 

risk of type 2 diabetes mellitus. In the survival analyses, both Kaplan-Meier curves and 

Cox proportional hazards regression modeling revealed that antidepressants were 

associated with a higher risk of diabetes than benzodiazepines. Survival analysis revealed 

that antidepressants were associated with a significant 60.0 percent increase in the risk of 

diabetes compared with benzodiazepines (HRadj. =1.600; 95% CI: 1.437 – 1.783). Using a 

retrospective cohort design (logistic regression), antidepressants were associated with a 

significant 48.9 percent increase in the risk of diabetes compared with benzodiazepines 

(RRadj. =1.489; 95% CI: 1.331 – 1.667). Using a nested case-control within the entire 

study cohort, antidepressants were associated with a significant 54.1 percent increase in 

the risk of diabetes (ORadj. =1.541; 95% CI: 1.368 – 1.735) compared with 

benzodiazepines. Lastly, using a nested case-control within the exposed study cohort, 

current use of antidepressants was associated with a 2.0-fold higher risk of diabetes than 

former use (ORadj. =1.995; 95% CI: 1.759 – 2.264). As will be explained in Section 5.4, 

these findings are consistent with results from several published studies. 

5.3.3    Antidepressant Class and Diabetes  

 

Regarding antidepressant class, results varied across different analytic approaches 

when SSRIs, SNRIs, and Other antidepressants were compared with TCAs. Three out of 
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the four analytic approaches revealed that there was no difference in the risk of diabetes 

between SSRIs and TCAs. In contrast, survival analysis (Phase II) revealed that SSRIs 

were associated with an 18.6 percent lower risk of diabetes than TCAs (HRadj. =0.814; 

95% CI: 0.721 – 0.919). All analytical approaches revealed that there was no difference 

in the risk of diabetes between SNRIs and TCAs. Three analytic approaches (Phase II; 

Phase IV Part A; Phase IV Part B) indicated that Other antidepressants were associated 

with a lower risk of diabetes than TCAs.  When antidepressant classes were compared 

with benzodiazepines, all the analytic approaches gave similar results. TCAs, SSRIs, 

SNRIs, and Other antidepressants were all associated with an increased risk of diabetes 

compared with benzodiazepines. 

The similar risk of diabetes between SSRIs and TCAs observed in the present 

study is consistent with recent observational studies.
13-14

 Brown et al. observed a similar 

risk of diabetes between SSRIs and TCAs (ORadj. =1.05; 95% CI: 0.86 – 1.28).
13

 In  

another study by Andersohn et al., long term use (>24 months) of moderate to high doses 

of TCAs (Incidence Rate Ratio [IRR]adj. =1.77; 95% CI: 1.21 – 2.59) and SSRIs (IRRadj. 

=2.06; 95% CI: 1.20 – 3.52) had similar magnitudes of the risk of diabetes when 

compared to non-use of antidepressants.
14

 Previous studies did not make direct 

comparisons between SSRIs and Other antidepressants with TCAs. The present study, to 

our knowledge, is the first observational study that compared SNRIs as a class with other 

classes of antidepressants.  
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5.3.4    Antidepressant Agents and Diabetes  

Due to sample size limitations, only amitriptyline, escitalopram, sertraline, and 

trazodone were compared with benzodiazepines using two analytic approaches (Phase II 

and Phase III). Results revealed that amitriptyline, escitalopram, sertraline, and trazodone 

were all associated with an increased risk of diabetes compared with benzodiazepines.  

Previous studies have reported an increased risk of diabetes associated with amitriptyline 

and escitalopram.
14

 On the other hand, the association between diabetes and sertraline 

and trazodone and diabetes are inconsistent with previous studies.
14

 In the study by 

Andersohn et al., both sertraline (IRRadj. =1.25; 95% CI: 0.89 – 1.78) and trazodone 

(IRRadj. =2.16; 95% CI: 0.89 – 5.25) were not associated with increased risk of diabetes.
14

 

However, the risk estimates indicated a trend toward an increased risk of diabetes.  

5.3.5    Treatment Duration and Diabetes 

The effect of treatment duration was examined using one analytic approach. 

Among antidepressant users, there was a relationship between treatment duration and the 

risk of diabetes. Long-term treatment duration (>12 months) was associated with an 

increased risk of diabetes compared with short-term treatment duration (<3 months) 

[RRadj. =1.423; 95% CI: 1.074 – 1.887]. However, there was no difference in the risk of 

diabetes between medium-term treatment duration (3-12 months) and short-term duration 

(RRadj. =0.975; 95% CI: 0.732 – 1.297). In contrast to antidepressant users, the 

relationship between treatment duration and diabetes was not observed among 

benzodiazepine users. 
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The observed relationship between treatment duration and the risk of diabetes in 

the present study is consistent with recent observational studies.
14, 169

 In the study by 

Andersohn et al., long-term use (>24 months) of antidepressants in moderate/high doses 

was associated with a significant increase in the risk of diabetes (IRRadj. =1.84; 95% CI: 

1.35 – 2.52), while medium term (12-24 months; IRRadj. =1.26; 95% CI: 0.84 – 1.90) and 

short term use (<12 months; IRRadj. =1.21; 95% CI: 0.83 – 1.76) were not associated with 

an increase in the risk of diabetes.
14

 Similarly, in the study by Derijks et al., there was a 

relationship between duration of antidepressant use and the risk of diabetes.
169

 Compared 

to benzodiazepine use, antidepressant use for up to one year was associated with a 73 

percent increase in the risk of diabetes (RORadj. =1.73; 1.28 – 2.33) and antidepressant 

use for more than one year was associated with an 84 percent increase in the risk of 

diabetes (RORadj. =1.84; 95% CI: 1.04 – 3.27).  
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5.4    COMPARISON OF THE MAIN STUDY FINDINGS WITH PREVIOUS STUDIES 

As mentioned earlier, the present study observed that antidepressant use was 

associated with a significant increase in the risk of type 2 diabetes mellitus. This finding 

is consistent with published studies including nested case-control studies, 
9-10, 13-14

 a 

cross-sectional survey,
173

 adverse drug reports,
169

 and a randomized controlled trial.
15, 270

 

In a nested case-control study of antidepressant users by Brown et al., concurrent use of 

SSRIs and TCAs was associated with a 1.9 fold increased risk of diabetes compared to 

use of TCAs only (ORadj. =1.89; 95% CI: 1.35 – 2.65).
13

 In the present study, concurrent 

use of different classes of antidepressants was not examined since exposure was 

determined at index without regard to additional antidepressant therapy following 

initiation. In another nested case-control study by Andersohn et al., current use of 

antidepressants in moderate to high doses was associated with a 1.8-fold increased risk of 

diabetes compared to non-use (IRRadj. =1.84; 95% CI: 1.35 – 2.52).
14

 In the present study, 

the effect of dose on the risk of diabetes was not evaluated.  

Furthermore, results of two recent studies conducted in Finland support the results 

of the present study.
9-10

 In a population-based nested case-control analysis, antidepressant 

use was associated with an increased risk of diabetes in both participants with no 

indication of severe depression (ORadj. =1.93; 95% CI: 1.48 – 2.51) and participants with 

severe depression (ORadj. =2.65; 95% CI: 1.31 – 5.39). A weaker association between 

severe depression and incident diabetes was observed among both nonusers of 

antidepressants (ORadj. =1.20; 95% CI: 0.64 – 2.25) and antidepressant users (ORadj. 

=1.65; 95% CI: 1.09 – 2.48).
9
  In another case-control analysis, the odds for 
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antidepressant use in cases were two times (ORadj. =2.0; 95% 1.57 – 2.55) higher than the 

odds in controls.
10

   

In The Hordaland Health Study, a Norwegian cross-sectional health survey,  

Raeder et al. examined whether patients taking selective serotonin inhibitors (SSRIs) 

were more likely to have a metabolic syndrome including obesity, dyslipidemia and 

diabetes.
173

 In that study, use of SSRIs was associated with abdominal obesity (ORadj. 

=1.40; 95% CI: 1.08 – 1.81), hypercholesterolemia (ORadj. =1.36; 95% CI 1.07 – 1.73) 

and a trend toward an association with diabetes (ORadj. =1.43; 95% CI: 0.73 – 2.80).
173

  

 In another study using spontaneous reports to the World Health Organization 

(WHO) Adverse Drug Reaction Database, antidepressants were associated with an 

increased reporting odds ratio (ROR) of hyperglycemia (RORadj.=1.52; 95% CI: 1.20 – 

1.93) and hypoglycemia (RORadj. =1.84; 95% CI: 1.04 – 2.42) compared to 

benzodiazepines.
169

 The association of hyperglycemia and hypoglycemia with 

antidepressants was most pronounced after more than one year of treatment.   

Rubin et al. reported findings obtained from the Diabetes Prevention Program in 

which patients at high risk of diabetes (pre-diabetes) were randomized to three treatment 

arms: intensive lifestyle; metformin; or placebo.
15, 270

 Continuous use of antidepressants 

over an average of 3.2 years was associated with an increase in the risk of diabetes in the 

placebo (HRadj. =2.60, 95% CI: 1.37 – 4.94) and intensive lifestyle arms (HRadj. =3.39, 

95% CI: 1.61 – 7.13), while there was no increased risk in the metformin arm (HRadj. 

=0.68; 95% CI: 0.28 – 1.68).
15

  After following patients in the Diabetes Prevention 

Program (DPP) and Diabetes Prevention Program Outcomes Study (DPPOS) for a 
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median of 10.0 years, Rubin et al., observed that continuous use of antidepressants 

compared with no use in patients with prediabetes was associated with a higher risk of 

diabetes in the placebo (HRadj. =2.34, 95% CI: 1.32 – 4.15) and intensive lifestyle arms 

(HRadj. =2.48, 95% CI: 1.45 – 4.22), while there was no increased risk in the metformin 

arm (HRadj. =0.55; 95% CI: 0.25 – 1.19).
270

   

Despite increasing evidence of the association between antidepressant use and 

diabetes in the literature, two cohort studies failed to find an association between 

antidepressants and diabetes.
11-12

 The first cohort study by Knol et al. examined the onset 

of diabetes in antidepressant users and observed that use of antidepressants did not 

increase the risk of diabetes (HRadj. =1.05; 95% CI: 0.88 – 1.26).
11

 In the same study, use 

of benzodiazepines was associated with a higher risk of diabetes (HRadj. =1.21; 95% CI: 

1.02 – 1.44). The study by Knol et al. is similar to the present study in that it included 

patients with prescriptions for antidepressants and benzodiazepines. However, unlike the 

present study, a direct comparison of the risk of diabetes between antidepressant users 

and benzodiazepine users was not conducted in that study.
11

  

The findings of the study by Knol et al. should be interpreted with the following 

limitations in mind.
11

 First, the association between antidepressant use and the 

development of diabetes was examined as a secondary objective. The primary objective 

was to determine to what extent the association between depression and onset of diabetes 

was influenced by the presence of chronic somatic disease. Thus, the study may not have 

been adequately powered to detect a significant association between use of 

antidepressants and diabetes. Second, the control group was composed of patients with no 
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prescriptions for either antidepressants or benzodiazepines. Therefore, the control group 

may have been composed of a heterogeneous group of patients not comparable to 

antidepressant or benzodiazepine users. Comparison with a much more homogeneous 

group of patients could have produced more reliable estimates of treatment effect. 

The second cohort study examined the incidence of diabetes among 1,000 non-

institutionalized older individuals (aged 65 years and over).
12

 In that study, use of 

antidepressants was not associated with an increase in the risk of diabetes (HRadj. =2.83; 

95% CI: 0.68 – 11.85).  Similar to the study by Knol et al., the study by Atlantis et al. 

may not have been adequately powered to detect the association between antidepressants 

and diabetes because the association was not evaluated as a primary objective. The 

primary objective was to examine whether depressive symptoms are associated with an 

increase in the risk of diabetes. Further, information on medication use and incident 

diabetes was collected through self reports using interviews and surveys. This could have 

led to misclassification of exposure to antidepressants and cases of diabetes. In addition, 

the small number of cases who used antidepressants also limits the interpretability of 

these findings. For example, the reported hazard ratio was based on two patients who 

presented with symptoms of depression and also reported using antidepressant agents. 

Moreover, the wide confidence interval obtained in the study by Atlantis et al. was 

inconclusive regarding the relationship between antidepressants and diabetes.
12

 

Based on the results of the present study and several published studies, there 

appears to be a strong relationship between antidepressant use and diabetes. The 

association between antidepressants and diabetes has been observed in varied populations 
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and different settings. Given that diabetes is associated with significant morbidity and 

mortality and that comorbid depression and diabetes are associated with worse clinical 

outcomes, the putative association between antidepressants and diabetes has serious 

clinical and public health implications.  
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5.5    COMPARISON OF METHODOLOGICAL/ANALYTIC APPROACHES 

The main purpose of the present study was to determine whether use of 

antidepressants increases the risk of type 2 diabetes mellitus. The second purpose was to 

determine whether results differed when using different methodological designs: a 

retrospective cohort and a nested case-control design. Evidence from published 

observational studies appeared to differ along methodological designs.  Two nested case-

control studies found an association between antidepressants and diabetes while two 

cohort studies found no association. To this end, the present study compared treatment 

effect estimates of exposure to antidepressant agents in increasing the risk of type 2 

diabetes mellitus using three designs: retrospective cohort design (entire study cohort), 

nested case-control design within the entire study cohort, and nested case-control design 

within the exposed cohort.  

All the three methodological approaches revealed that use of antidepressants was 

associated with a significant increase in the risk of diabetes. However, the risk estimates 

varied across different analytic approaches. The nested case-control design within the 

exposed cohort yielded the highest risk estimate (ORadj. = 1.995; 95% CI: 1.759 – 2.264). 

The retrospective cohort design (HRadj. =1.600; 95% CI: 1.437 – 1.783; RRadj. =1.489; 

95% CI: 1.331 – 1.667) and the nested case-control design within the entire study cohort 

(ORadj. =1.541; 95% CI: 1.368 – 1.735) yielded relatively similar treatment effect 

estimates, which were lower than that obtained using the nested case-control analysis 

within the exposed cohort.  
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These results suggest that the study population, rather than the methodological 

design, may have important influence on the magnitude of the treatment effect. A nested 

case-control design conducted using only the exposed cohort may yield notably higher 

treatment effect estimates than either a retrospective cohort analysis design or a nested 

case-control analysis performed using a population of exposed and unexposed patients. 

Previous studies have shown that nested case-control analysis within a sample of a full 

cohort will yield a similar treatment effect estimate as cohort analysis of the full 

cohort.
271-272

  Similarly, the present study observed congruent results between the 

retrospective cohort design and the nested case-control design regarding the direction of 

the significant relationship between antidepressants and diabetes.  
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5.7    STUDY STRENGTHS AND LIMITATIONS 

The present study has several strengths. First, the association between 

antidepressants and diabetes was examined using different methodological approaches 

thereby increasing the validity of the findings.  Second, the large database used in the 

present study ensured adequate power in identifying a significant relationship between 

antidepressants and diabetes. In addition, the availability of a large study population 

ensured an adequate number of cases were obtained, thus allowing the computation of 

precise risk estimates. Third, the exclusion of prevalent users of antidepressants or 

benzodiazepines prevented overrepresentation of patients who tolerated the study drugs 

well. Fourth, the inclusion of benzodiazepine users as a control group allowed 

comparison of the risk of diabetes associated with antidepressants to patients who are 

likely to have similar psychiatric disorders as antidepressant users. Finally, Texas 

Medicaid is composed of an ethnically diverse population including Whites, Hispanics, 

and African-Americans. The association between antidepressants and diabetes was 

replicated in an ethnically-diverse population and unique health care setting compared to 

previous studies. 

Despite the strengths outlined above, the present study also has some limitations 

which need to be considered when interpreting the results. Use of retrospective databases 

has inherent limitations which may limit the validity of the study findings. First, 

prescription claims were used as proxies to establish exposure, diabetes diagnosis, and 

chronic diseases. It is possible that patients obtain prescriptions from other sources of 

prescription medication coverage such as private insurance or patient assistance 
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programs. However, this is unlikely to have had a significant influence in the present 

study since the majority of patients in the Medicaid program pay minimal copayments 

and hence are likely to obtain most of their prescriptions through Medicaid. Furthermore, 

patients who turned 65 years during the study period may have also received 

prescriptions from Medicare. Therefore, the unavailability of Medicare claims data for 

patients who were dual eligible for Medicaid and Medicare benefits may have resulted in 

underreporting of exposure, incident diabetes, and chronic diseases.  

Second, prescription claims for antidiabetic medications were used to identify 

patients who developed type 2 diabetes mellitus. Although rare, it is possible that some 

patients may have used antidiabetic medications for indications other than diabetes 

mellitus. Use of diagnostic codes for diabetes together with prescriptions for antidiabetic 

medications would have minimized the uncertainty in identifying incident diabetes cases.  

Third, the unavailability of diagnosis information did not allow the inclusion of 

only patients with depression among a pool of antidepressant users. Given the wide 

indications of antidepressants, the study sample is likely to have been heterogeneous, 

including patients with depression, anxiety disorders, eating disorders, and chronic pain 

conditions such as neuropathy. Inclusion of only patients with depression among 

antidepressant users would have minimized bias stemming from the heterogeneity of the 

study sample. In addition, depression has been noted to be a risk factor for diabetes. 

Therefore, failure to control for depression may overestimate the risk of diabetes 

associated with antidepressants. However, a recent study observed that the association 

between antidepressants and diabetes was stronger than the association between 
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depression and diabetes.
9
 Thus, the risk estimates in the present study are unlikely to be 

biased estimates of the association between antidepressants and diabetes.      

Fourth, information on several factors that may confound the relationship between 

antidepressants and diabetes was not available in the prescription claims database. These 

factors include patient family history of diabetes, weight, body mass index, smoking, 

physical activity, and diet. Failure to adjust for these factors may have introduced bias in 

the estimation of the effect of antidepressants on diabetes. Furthermore, several 

antidepressants are known to cause significant weight gain. Some of the antidepressants 

with an established link with weight gain may have been discontinued much earlier after 

causing weight gain. This could have led to underestimation of the true risk for these 

antidepressants since patients would have discontinued therapy before developing 

diabetes.    

Fifth, the publication of studies linking certain antidepressants with development 

of diabetes may have introduced several biases: channeling bias, detection/referral bias, 

and protopathic bias. Channeling bias could have occurred if patients at high risk of 

diabetes were channeled away from antidepressants perceived to have a higher risk of 

diabetes. This would have led to underestimation of the risk of diabetes associated with 

those antidepressants. Detection/referral bias could have occurred if patients prescribed 

antidepressants perceived to have a higher risk of diabetes were referred to 

endocrinologists at disproportionally higher rates than patients prescribed antidepressants 

not linked with diabetes.  This would have led to overestimation of the risk of diabetes as 

diabetes cases would have been detected at disproportionally higher rates in patients 
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prescribed antidepressants perceived to have a higher risk of diabetes. Protopathic bias 

could have occurred if patients prescribed antidepressants stopped taking them when they 

experienced disturbances in glucose homeostasis before a diabetes diagnosis was made. 

This would have led to underestimation of the risk of diabetes. However, all these biases 

are likely to have minimal effects on the present study since the current literature has not 

provided definitive evidence of the risk of diabetes associated with antidepressants. 

Furthermore,  studies linking antidepressants were published in 2007, 2008 and 2009.
9-10, 

13-15
 The majority of the patients in the study sample started antidepressant therapy 

between 2002 and 2005.  

Sixth, the present study did not account for multiple therapy, switching, and 

augmentation therapy. Patients were considered to have been exposed to their index 

medications without regard of switches to other antidepressants, multiple antidepressant 

therapy, or augmentation therapy. Therefore, the results are not generalizable to multiple 

therapy, switching, and augmentation therapy. Furthermore, some of the diabetes that 

developed after the patient had switched to another antidepressant may have been 

erroneously attributed to the index antidepressant agent. Antidepressant switching, 

multiple antidepressant therapy, and augmentation therapy may need to be addressed in 

future studies.  

  Finally, the study sample had an over-representation of women and minorities 

compared to the general US population. In addition, the Medicaid population has an over-

representation of people of a lower socio-economic status compared to the general US 
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population. Therefore, the results of the present study may not be generalizable to the 

national population.   
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5.8    STUDY IMPLICATIONS AND FUTURE RESEARCH 

The findings of the present study are in concordance with several published 

studies including nested case-control studies, adverse drug reports, a cross-sectional 

survey, and a randomized controlled trial.
9-10, 13-15, 169, 173

 Use of different methodological 

approaches and adjusting for several confounding factors increases the validity of the 

present study. Furthermore, a relationship between antidepressants and diabetes was 

replicated in an ethnically diverse population and in a different health care setting 

compared to previous studies. The present study is the first observational study conducted 

in the US using a large administrative database. The only other studies conducted in the 

US used patients enrolled in a randomized controlled trial.
15, 270

 In addition, previous 

studies reported risk estimates ranging from 1.05 to 2.8.
9-15, 270

 Similarly, using different 

methodological approaches, the present study observed risk estimates ranging from 1.489 

to 1.995. These results and previous studies suggest that, on average, use of 

antidepressants may be associated with up to a two-fold increase in the risk of diabetes.  

The magnitude of the risk of diabetes associated with antidepressants may also be 

explained using the attributable risk (AR), the attributable risk-percent (AR%), and the 

number needed to harm (NNH). In the present study, the incidence of diabetes (absolute 

risk) among antidepressant users was 7.0 percent while the incidence of diabetes among 

benzodiazepine users was 4.7 percent. Therefore, the attributable risk associated with 

antidepressants was 2.3 percent (i.e., over an average follow-up of 2.3 years). However, 

given that patients with mental health disorders tend to have a higher incidence of 

diabetes compared to the general population, this attributable risk may be a conservative 
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estimate. According to recent estimates, the annual incidence of diabetes in the general 

adult population aged 20 years and older is 0.8 percent.
4
 Assuming a two-year incidence 

of diabetes of 1.6 percent in the general population, the attributable risk of exposure to 

antidepressants over two years will be 5.4 percent. 

The attributable risk of 2.3 percent translates to an excess occurrence of diabetes 

among antidepressant users attributable to their antidepressant use of 2,300 per 100,000. 

In addition, the attributable risk-percent (AR%)1 for antidepressant exposure is 32.8 

percent. Thus, if antidepressants do cause diabetes mellitus, about 33 percent of diabetes 

among antidepressant users can be attributed to their antidepressant use and could 

therefore be prevented if they did not use antidepressants. Further, the number needed to 

harm (NNH)2 for antidepressant exposure based on the present study is 44, meaning that 

out of every 44 patients treated with antidepressants, one patient may develop diabetes as 

a result of exposure to antidepressants. As mentioned earlier, these statistics are even 

more compelling when the incidence of diabetes among antidepressant users is compared 

with that in the general population. 

The risk of diabetes associated with antidepressants has public health 

implications. In 2010, approximately 79 million people in the US had pre-diabetes.
4
 

About one in ten Americans (10.5%) use antidepressants in a given year, so probably 

about 7.9 million people in the US who have pre-diabetes take antidepressants in a given 

year.
27-28

  Given that the attributable risk observed in the present study was 2.3 percent, a 

                                                 
1 AR%=([Incidenceexposed   Incidence unexposed ]/ Incidenceexposed)*100 

2 NNH=1/AR=1/(Incidenceexposed   Incidence unexposed ) 
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total of 181,700 individuals could develop diabetes over a two-year period as a result of 

exposure to antidepressants. Using the general population estimates, the attributable risk 

of 5.4 percent means that about 426,600 individuals could develop diabetes as a result of 

exposure to antidepressants over a two-year period (213,300 diabetes case per year).  

Diabetes is a disease with significant morbidity and mortality, and is associated 

with significant healthcare expenditure. The estimated annual cost of treating each patient 

with type 2 diabetes in 2007 was $9,700.
273

 Given the above statistics, use of 

antidepressants could add approximately $2.1 billion annually to the healthcare 

expenditure emanating from new diabetes cases (i.e., 213,000 cases x $10,000). 

Currently, the potential diabetes risk associated with antidepressants is not taken into 

consideration in clinical guidelines for depression treatment.
49

 If future research supports 

a causal relationship between antidepressants, it will be important to develop 

interventions to mitigate the negative effects of antidepressants on glucose homeostasis. 

Clinicians will need to consider the diabetogenic potential of antidepressants when 

prescribing depression treatment in patients at high risk of diabetes. For example, patients 

with pre-diabetes may need to avoid antidepressants that have a higher risk of diabetes. 

Alternatively, to avoid the negative effects of antidepressants on glucose homeostasis, 

psychotherapy will have to be considered in patients with pre-diabetes who require 

depression treatment.
15

  

Given the limited number of published studies linking antidepressants with the 

development of diabetes, more research is required to provide compelling evidence 

regarding the nature of the relationship between antidepressants and diabetes. The present 
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study compared the incidence of diabetes among antidepressant users and benzodiazepine 

users. Since patients with mental health disorders tend to have higher incidence of 

diabetes, more epidemiological studies comparing the incidence of diabetes in patients 

with depression and patients with other mental health disorders are required in order to 

better quantify the risk attributable to antidepressants. Furthermore, several published 

studies suggest that having depression is an independent risk factor for diabetes. 

Therefore, there is need for more studies quantifying the magnitude of risk attributable to 

antidepressants beyond the risk associated with a depression diagnosis. Such studies can 

compare the incidence of diabetes in patients treated with antidepressants to the incidence 

of diabetes in patients receiving depression psychotherapy. Furthermore, there is limited 

literature on the risk of individual antidepressants on diabetes. Thus, more studies using 

large databases may shed light on the risk of diabetes associated with individual 

antidepressants.   
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5.9    CONCLUSIONS 

The main purpose of the present study was to determine whether use of 

antidepressants is associated with an increased risk of type 2 diabetes mellitus. Using 

retrospective cohort and nested case-control designs within the entire study cohort of 

antidepressant users and benzodiazepine users, antidepressant use was associated with an 

increased risk of type 2 diabetes compared to benzodiazepine use. Similarly, using a 

nested case-control design within an exposed cohort of antidepressant users, current 

antidepressant use was associated with a significant increase in the risk of diabetes 

compared to former antidepressant use. This association was also observed when TCAs, 

SSRIs, SNRIs, and Other antidepressants were compared with benzodiazepines. In 

addition, amitriptyline, escitalopram, sertraline, and trazodone were all associated with an 

increased risk of diabetes compared to benzodiazepines. Moreover, a relationship 

between treatment duration and an increased risk of diabetes was observed among 

antidepressant users but not among benzodiazepine users.  

The second purpose of this study was to determine whether results differed when 

using different methodological designs: a retrospective cohort and a nested case-control 

design. To this end, the present study compared treatment effect estimates of exposure to 

antidepressants in increasing the risk of type 2 diabetes mellitus using three 

methodological approaches: retrospective cohort design within a population of 

antidepressant users and benzodiazepine users (i.e., exposed and unexposed patients: 

entire study cohort); a nested case-control design within a population of antidepressant 

users and benzodiazepine users (exposed and unexposed patients: entire study cohort); 
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and a nested case-control design within a population of antidepressant users (exposed 

patients only: exposed cohort). All the three methodological approaches indicated that 

use of antidepressants was associated with a significant increase in the risk of diabetes. 

However, the risk estimates varied across different methodological approaches. The 

nested case-control analysis within the exposed cohort yielded the highest risk estimate. 

The retrospective cohort design (i.e., survival analysis and logistic regression analysis) 

and the nested case-control design within the entire study cohort yielded similar treatment 

effect estimates, which were lower than that obtained using the nested case-control within 

the exposed cohort. These results suggest that the study population, rather than the 

methodological design, has an important influence on the magnitude of the treatment 

effect. A nested case-control analysis carried out using only the exposed cohort may yield 

substantially higher treatment effect estimates than either a nested case-control or 

retrospective cohort analysis performed using population of exposed and unexposed 

patients.  

Based on the results of the present study, antidepressant use is associated with an 

increased risk of diabetes. Therefore, clinicians may need to consider diabetes 

implications when using antidepressants long-term in non-elderly adult patients.  
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Appendix A.   Summary of case reports of hyperglycemia and hypoglycemia associated with use of antidepressants  

agents   

Case  Adverse Event  Medication 

(daily dose) 

Concomitant 

medications 

Patient 

gender, 

age 

(years), 

and BMI 

Diabetes 

status 

Time 

to 

onset 

Blood 

glucose 

level 

(mg/dl)  

Resolution/Re-challenge 

1152 Hypoglycemia Imipramine  

200 mg 

None Male, 50, 

19.7 kg/m2 

No 6 days 57 Blood glucose levels returned to normal (79 mg/dl) after 

imipramine was discontinued. 

 

Re-challenged after 8 months and glucose levels dropped to 

34 mg/dl after one week. Therapy discontinued and fast 

recovery followed. Within two days, glucose level was 60 

mg/dl. Then was 95 mg/dl after one week of therapy with 

maprotiline. 

 

2153 Hypoglycemia  Doxepin  

75 mg 

Tolazamide  

Digoxin  

Furosemide  

Potassium chloride 

Female, 71 Type 2 

diabetes 

11 days 32 Hypoglycemia resolved after the dose of tolazamide was 

reduced from 1 g/day to 100 mg/day 

 

Blood glucose at discharge was 163 mg/dl 

 

3153 Hypoglycemia  Nortriptyline  

125 mg 

Chlorpropamide 

HCTZ 

Potassium chloride 

 

Female, 59 Type 2 

diabetes 

4 days 50 Hypoglycemia resolved after chlorpropamide was 

discontinued. Blood glucose was stable at 90-120 mg/dl 

4154 Hyperglycemia Mianserin 

65 mg 

Alprazolam Female, 44 No Few 

years  

177 Blood glucose levels decreased when dose was mianserin 

dose was reduced 

 

Fasting plasma glucose returned to normal levels after 

mianserin was discontinued. 

 

5155 Hypoglycemia  Maprotiline 

50 mg 

Glyburide/phenfor

min 

Ramipril  

Amiloride/HCTZ 

Dipyridamole  

Cinnarizine  

Female, 75 Type 2 

diabetes 

4 days 75 Maprotiline was discontinued and the blood glucose level 

rose to 250 mg/dl 

Seven days after restarting maprotiline at 25 mg/day, blood 

glucose dropped to 106 mg/dl. Then the dose of glyburide 2.5 

mg/phenformin 25 mg was reduced from 4 tablets a day to 2 

tablets day and the patient was discharged with a blood 

glucose level of 188 mg/dl after being stabilized.    
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Appendix A.   Summary of case reports of hyperglycemia and hypoglycemia associated with use of antidepressants  

agents  (cntd)   

 

 

Case  Adverse Event  Medication 

(daily dose) 

Concomitant 

medications 

Patient 

gender, 

age 

(years), 

and BMI 

Diabetes 

status 

Time 

to 

onset 

Blood 

glucose 

level 

(mg/dl)  

Resolution/Re-challenge 

6156 Hypoglycemia Fluoxetine  

20 mg 

Glyburide  

 

Male, 53 Type 2 

diabetes  

4 

months 

43 Hypoglycemia continued after discontinuing glyburide. 

Hypoglycemia resolved after discontinuing fluoxetine. 

 

7157 Hyperglycemia  Paroxetine 

10 mg 

Hydrocortisone 

Thyroxine 

Desmopressin 

Estrogen  

 

Female, 24 No 3 weeks  

345 

Blood glucose level returned to normal after discontinuing 

paroxetine 

8158 Hypoglycemia Nefazodone  

200mg 

Insulin Female, 54 Type 2 

diabetes 

1 week 41 Blood glucose levels returned to normal after reducing 

insulin doses  

 

9159 Hypoglycemia Maprotiline  

30 mg 

Insulin Female, 39 Type 1 

diabetes 

10 days 65 Blood glucose well controlled after discontinuing 

maprotiline. 

 

Re-challenging led to hypoglycemia within 2 weeks (52 

mg/dl) 

Hypoglycemia resolved after discontinuing maprotiline    

 

10160 Hypoglycemia Sertraline 

50 mg 

Furosemide  

Ramipril 

Clopidogrel  

Nitroglycerin  

Lorazepam 

 

Female, 82 No 25 

days 

32 Hypoglycemia resolved after discontinuing sertraline 
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Appendix A   Summary of case reports of hyperglycemia and hypoglycemia associated with use of antidepressants  

agents (cntd) 

 

 

Case  Adverse Event  Medication 

(daily dose) 

Concomitant 

medications 

Patient 

gender, 

age 

(years), 

and BMI 

Diabetes 

status 

Time 

to 

onset 

Blood 

glucose 

level 

(mg/dl)  

Resolution/Re-challenge 

11148 Hyperglycemia Fluvoxamine  

100 mg 

Insulin  Female, 60, 

23 kg/m2 

Type 2 

diabetes 

5 days 210 Blood glucose levels well controlled after discontinuing 

fluvoxamine; 

Re-challenging resulted in another episode of hyperglycemia;  

Patient eventually discontinued fluvoxamine and remained 

stable 

12161 Hyperglycemia  Mirtazapine 

15 mg 

Insulin 

Carbamazepine 

Cocaine abuse  

Marijuana abuse  

Alcohol abuse 

Female, 32, 

26.7 kg/m2 

Type 2 

diabetes 

5 

months 

1,042 Blood glucose levels returned to controlled levels after 

discontinuing mirtazapine and replacing it with citalopram 

13162 Diabetic 

ketoacidosis/ 

Hyperglycemia 

Mirtazapine 

45 mg 

Acetaminophen/hy

drocodone 

Isometheptene 

Female, 44 No 2 

months 

404 Diabetic ketoacidosis resolved upon discontinuing 

mirtazapine  

14163 Hyperglycemia  Sertraline 50 

mg 

Simvastatin  

Lisinopril  

Prempro® 

Female, 54 Type 2 

diabetes 

2 

months 

180 Because the patient‟s response to sertraline for depressive 

symptoms was positive and the patient‟s diabetes had been 

well-controlled, her internist elected to continue the overall 

glucose profile and consider future intervention with an oral 

hypoglycemic agent 

15164 Hyperglycemia  Imipramine 

50 mg 

Insulin  

Atenolol  

Lisinopril  

Simvastatin  

Clodronic acid 

Female, 62 Type 2 

diabetes 

1 

month 

NR Insulin need increased when imipramine dose was doubled 

from 25 mg to 50 mg daily.  

When dose was decreased, the need for insulin decreased.  

Insulin dose returned to usual dose after discontinuing 

imipramine. 

16165 Hyperglycemia Clomipramine  

25 mg 

Aspirin 

Irbesartan  

Female, 84, 

23 kg/m2 

No 5 

months 

459 Blood glucose levels normalized after discontinuing 

clomipramine 

Re-challenge after 3 months led to increased glucose levels 

17166 Hyperglycemia Mirtazapine Marijuana abuse Male, 37 No 1 

month 

420 Blood glucose levels normalized after discontinuing of 

mirtazapine 
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Appendix B   Summary of randomized clinical trials evaluating the effect of antidepressants on glucose regulation in  

non-diabetic patients with major depressive disorder 
 

Author, 

 Year 

Sample 

size 

Treatment arms Study 

period 

Results 

Ghaeli et al., 

2004
16

 

60* Fluoxetine 20-40 

mg/day  

Or 

Imipramine 75-200 

mg/day  

8 weeks After 4 weeks of treatment 

Fluoxetine: FBG levels decreased from 88.5 mg/dl at baseline to 85.0 mg/dl 

(p=0.073). Imipramine: FBG levels increased from 86.96 mg/dl at baseline to  

89.71 mg/dl (p=0.079) 

After 8 weeks of treatment 

Fluoxetine: FPG levels decreased from 88.5 mg/dl to 79.8 mg/dl (p<0.001). 

Imipramine: FPG levels increased from 86.96 mg/dl to 96.90 mg/dl (p<0.001) 

 

Weber-

Hamann et al., 

2006
177

 

80 Amitriptyline 150 

mg/day  OR 

Paroxetine 40 

mg/day  

 

5 weeks Insulin sensitivity increased in only those patients who remitted from major 

depressive disorder as a result of treatment with amitriptyline or paroxetine 

(F=7.0; df=1, 74; p<0.01) 

Chen et al., 

2007
17

 

23 Maprotiline  75 – 

150mg/day OR 

Fluoxetine  20 – 40 

mg/day 

4 weeks Individuals treated with maprotiline experienced a decrease in insulin sensitivity 

(increased insulin resistance) with no effect on glucose levels.  

Individuals treated with fluoxetine experienced a decrease in insulin sensitivity 

(i.e., increased insulin resistance) with a corresponding increase in glucose levels.  

 

Weber-

Hamann et al., 

2008
178

 

51 Mirtazapine ( mean 

dose = 52.436.8 

mg/day) OR 

Venlafaxine ( mean 

dose =183.759.7 

mg/day) 

4 weeks Remission rates were similar in both treatment groups ( mirtazapine group: 52%; 

venlafaxine group:54%) 

 

Insulin sensitivity improved in patients who remitted to depressive symptoms 

 

Key: *19 lost to follow-up; Abbreviations: FBG, fasting blood glucose 
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Appendix C   Summary of randomized clinical trials evaluating the effect of antidepressants on glucose regulation in 

patients with diabetes and major depressive disorder 
 
Author, 

 Year 

Sample 

size 

Treatment 

arm(s) 

Design Study 

period 

Results 

Lustman et 

al.,1997
180

 

68 Nortriptyline  

50 mg/day 

Randomized, double-

blind, placebo-

controlled 

8 weeks Nortriptyline had a hyperglycemic effect in diabetic patients with no 

depression.  

Overall, in patients with diabetes, nortriptyline also had a trend toward a 

hyperglycemic effect compared to placebo. 

 

Maheux et 

al., 1997
181

 

12 Fluoxetine  

60 mg/day 

Randomized, 

double-blind, 

placebo-controlled 

4 weeks Compared to placebo, fluoxetine increased glucose disposal by 2.4-fold 

(p<0.05), the insulin sensitivity index by 2.7 fold (p<0.03) and the glucose 

metabolic clearance rate by 2.9- fold (p<0.03). No weight change was 

observed. 

 

Lustman et 

al., 2000
182

 

60 Fluoxetine 40 

mg/day 

Randomized, double-

blind, placebo-

controlled 

8 week Compared to placebo, fluoxetine had a greater reduction in HbA1c levels 

(-0.40 vs -0.07%, p=0.13), although not statistically significant. 

 

 

Lustman et 

al., 2006
184

 

152 Sertraline 50-

200 mg/day 

Randomized,  

open-label, placebo-

controlled 

 

52 weeks Compared to placebo, treatment with sertraline was associated with a 

significant decrease in HbA1c level (p=0.002) 

 

Lustman et 

al. 2007
183

 

55 Bupropion  Randomized,  

Open-label, placebo-

controlled 

34 weeks Compared to placebo, treatment with bupropion resulted in significant 

reductions in A1C during both the acute phase (10 weeks, p<0.01) and the 

maintenance phase (24 weeks, p=0.01). Changes in BMI and depression 

severity also independently predicted changes in A1C. 

 
Key: BMI:Body Mass Index;  HbA1c OR AIC, hemoglobin A1C;  
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Appendix C   Summary of randomized clinical trials evaluating the effect of antidepressants on glucose regulation in  

patients with diabetes and major depressive disorder (contd) 

 
Author, 

 Year 

Sample 

size 

Treatment 

arm(s) 

Design Study 

period 

Results 

Paile-

Hayvarinen 

et al., 

2007
185

 

37 Paroxetine 20 

mg 

Randomized, 

double-blind, 

placebo-controlled 

6 months Three months treatment with paroxetine resulted in a significant 

improvement (decrease) in HbA1c compared to placebo (mean difference 

0.59%-units, p=0.018).  

However, there was no statistically significant difference glycemic control 

after six months of treatment between paroxetine and placebo. 

 

Derijks et 

al., 2009
186

 

12 Citaopram(n=1) 

Sertraline (n=2) 

Paroxetine (n=1) 

Prospective, 

 open-label 

comparative study 

180 days Use of serotonergic antidepressants for 180 days was associated with a 

2.4% increase in the mean insulin dose compared to an 18.3% increase 

with nonuse (p=0.15). 

Mean relative decrease in HbA1c levels during follow-up was 7.2% for 

users and 0.5% for non users (p=0.37). 

 
Key: BMI:  Body Mass Index; HbA1c OR AIC, hemoglobin A1C;  

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 348 

Appendix D   T-test and Chi-square comparison of demographic characteristics (age and gender) and exposure status  

for patients included (N=50,385) and those excluded (N=150,519) based on pre- and post-index 12 months continuous  

enrollment 

 

Variable  Total  

(N=200,904) 

Included 

 (N=50,385) 

Excluded  

(N=150,519) 

Test- 

statistic 

d.f. p-value 

 Mean SD Mean SD Mean SD    

Age 
a
 38.8 13.6 40.6 14.4 38.2 13.3  32.9 80,942 <0.0001 

 N % N % N %    

Age (years)
b
       262.1  1 <0.0001 

   18-30   69,192 34.4 15,858 31.5 53,334 35.4    

   31-64 131,712 65.6 34,527 68.5 97,185 64.6    

Gender 
b
       388.2 1 <0.0001 

   Male   55,674 27.7 15,676 31.1 39,998 26.6    

   Female 145,229 72.3 34,709 68.9  110,520 73.4    

Exposure status       553.7 1 <0.0001 

   Benzodiazepines    52,807 26.3 15,256 30.3 37,551 24.9    

   Antidepressants                         148,097 73.7  35,129
c
 69.7  112,968 75.1    

 
a. T-test value.  
b.  2 

- value;   
c. Number of patients exposed to antidepressants are less than 35,552 because patients who were initially classified as benzodiazepine users were 

later re-classified as antidepressant users because they used both antidepressants and benzodiazepines at index.  
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Appendix E   Unadjusted Cox proportional hazards regression models comparing survival time by exposure status and  

the covariates (N=44,715) 

 

Variable Parameter 

Estimate  

Standard 

Error 

Wald Chi-

Square 

p-value  Unadjusted 

Hazard 

Ratio 

95% Confidence 

Interval 

Exposure status
a
       

Antidepressant 0.4527 0.052 75.20   <0.0001 1.573 1.420 – 1.742 

Demographic variables       

Age  0.0339 0.001     603.24   <0.0001 1.034  1.032 – 1.037 

Gender, Female
b 

 0.2541 0.042 36.92   <0.0001 1.289 1.188 – 1.399 

Clinical variables       

MPR  0.0043 0.001 53.67   <0.0001 1.004 1.003 – 1.005 

Persistence, > 365 days
c
    -0.1576 0.043 13.35 0.0003 0.854 0.785 – 0.930 

Diabetogenic drugs 0.3745 0.019     374.22   <0.0001 1.454 1.400 – 1.511 

Chronic Disease Score, 1
d
    -0.0073 0.037  0.04 0.8441 0.993 0.923 – 1.068 

Year of cohort entry
e
     0.0449 0.012      13.12 0.0003 1.046 1.021 – 1.072 

Dual exposure
f
     0.1543 0.049 9.73 0.0018 1.167 1.059 – 1.286 

 
a. Reference: Benzodiazepines. 
b. Reference: Male gender.  
c. Reference: Persistence ≤365 days. 
d. Reference: Chronic Disease Score=0. 
e. Year of cohort entry treated as a continuous variable from 2002 to 2008. 
f. Indicates exposure to both antidepressants and benzodiazepines at index. Reference: exposure to either antidepressants or benzodiazepines. 

MPR: Medication Possession Ratio. 
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Appendix F   Unadjusted logistic regression models comparing risk of incident diabetes for exposure status and the  

covariates (N=44,715) 

 

Variable Parameter 

Estimate  

Standard 

Error 

Wald Chi-

Square 

p-value  Unadjusted 

Relative 

Risk 

95% Confidence 

Interval 

Exposure status
a
       

Antidepressant 0.4323 0.054   65.13 <0.0001 1.541 1.387 – 1.711 

Demographic variables       

Age  0.0378 0.001 715.03 <0.0001 1.039 1.036 – 1.041 

Female gender
b
 0.2223 0.043  26.56 <0.0001 1.249 1.148 – 1.359 

Clinical variables       

MPR  0.0002 0.001   0.10 0.7547 1.000 0.999 – 1.001 

Persistence >365 days
c
 0.2532 0.045 32.09 <0.0001 1.288 1.180 – 1.406 

Diabetogenic  drugs 0.6061 0.020     922.65 <0.0001 1.833 1.763 – 1.906 

Chronic Disease Score, 1
d 
 0.0206 0.038         0.29  0.5925 1.021 0.947 – 1.101 

Treatment duration  >365 days
e
 0.6331 0.047     178.77 <0.0001 1.883 1.716 – 2.067 

Year of cohort entry
f
 -0.1501 0.012     163.04 <0.0001 0.861 0.841 – 0.881 

Dual exposure
g
 0.2274 0.051 19.54 <0.0001 1.255 1.135 – 1.389 

 
a. Reference: Benzodiazepines.  
b. Reference: Male gender.  
c. Reference: Persistence ≤365 days. 
d. Reference: Chronic Disease Score=0. 
e. Reference:Treatment duration ≤ 365 days. 
f. Year of cohort entry treated as a continuous variable from 2002 to 2008. 
g. Indicates exposure to both antidepressants and benzodiazepines at index. Reference: exposure to either antidepressants or benzodiazepines. 

MPR: Medication Possession Ratio. 
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Appendix G   T-test and chi-square comparisons of exposure status, antidepressant classes, clinical characteristics 

(MPR, persistence, number of diabetogenic medications, Chronic Disease Score), and dual exposure between included 

and excluded controls (non-users) in the regression analysis (Phase IV Part B)  

 
Variable Total  

(10,028) 

Included Controls   

(N=7,296) 

Excluded Controls  

(N=2,732) 

Test-

statistic 

d.f. p-value 

 N % N % N %    

Demographic variables          

Age (Mean, SD) years
a
 44.9 13.0 44.6 12.9 45.9 13.2  4.5 4813.6 <0.0001 

Age (years)
b
         4.4 1   0.0358 

   18-30 1,768 17.6 1,322 18.1  446 16.3    

   31-64 8,260 82.4 5,974 81.8   2,286 83.7    

Gender
b 
        3.3 1   0.0688 

   Male 2,444 24.4 1,813 24.8   631 23.1    

   Female 7,584 75.6    5,483 75.2 2,107 76.9    

Covariates  Mean SD Mean SD Mean SD    

  MPR
a
 63.9 30.0 61.9 30.8 69.3 27.1 11.7 5528.2 <0.0001 

  Persistence, >365 days (%)
b
   2,658 26.5   2,069 28.4 589 21.6 47.2 1 <0.0001 

  Diabetogenic drugs
a
   1.5  1.0   1.5   1.1  1.3  1.0        9.9 5133.2 <0.0001 

  Chronic Disease Score, 1 (%)
b
   5,546     55.3   4,059 55.6  1,487   54.4        1.2 1   0.2802 

  Dual exposure (%)
b
   1,933     19.3  1,468 20.1 465   17.0      12.3 1   0.0005 

 Year of cohort entry
b
       4340.2 6 <0.0001 

     2002   2,329 23.2  2,317 31.8   12     0.4    

     2003   2,795 27.9  2,592 35.5 203     7.4    

     2004   1,542 15.4  1,199 16.4 343   12.5    

     2005   1,200 12.0     695  9.5 505   18.5    

     2006   1,077 10.7     322  4.4 755   27.6    

     2007  851  8.5     152  2.1 699   25.6    

     2008 234  2.3       19  0.3 215     7.9    
a. T-test; Wilcoxon tests for number of diabetogenic medications ( p<0.0001) and persistence ( p<0.0001) revealed significant differences between cases and controls.  
b.  2-test.
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