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Abstract 

 

Examining Adherence with Medications Used in Treating Diabetic 

Peripheral Neuropathic Pain 

 

By 

 

Abiola Oluwagbenga Oladapo, M.S.Phr. 

The University of Texas at Austin, 2010 

 

Supervisor:  Jamie C. Barner 

 

The present study is a retrospective cohort analysis which sought to examine 

adherence to medications used in managing painful diabetic peripheral neuropathy 

(PDPN) and to determine their association with oral antidiabetic (OAD) medication 

adherence using the Texas Medicaid prescription claims database. The study objectives 

were to: 1) provide a description of PDPN and OAD medication use among the study 

subjects; 2) determine if PDPN medication adherence differs among individual PDPN 

agents (i.e., tricyclic antidepressants, gabapentin, pregabalin and duloxetine); 3) 

determine if pre-index OAD and post-index OAD medication adherence differs among 

mono, dual, and triple OAD therapies; and 4) determine if PDPN medication adherence is 

related to post-index OAD medication adherence while controlling for covariates. Study 
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participants were adult (≥18 years) Medicaid beneficiaries prescribed OAD and PDPN 

medications. The index date was the first PDPN prescription. Data were extracted from 

June 1, 2003 to October 31, 2009 and prescription claims were analyzed over an 18-

month study period (i.e., 6 months pre-index and 12 months post index period). 

Medication possession ratio (MPR) was used as a proxy measure of medication 

adherence. An MPR less than 80 percent was regarded as being non-adherent to 

prescribed medication, while an MPR greater than or equal to 80 percent was regarded as 

being adherent to prescribed medication. Objective 1 was addressed using descriptive 

statistics (i.e., mean, standard deviation, frequency). Univariate analysis (ANOVA) was 

employed to address Objectives 2 and 3. Multivariate analyses (i.e., multiple linear 

regression and logistic regression) were conducted to address Objective 4. For the logistic 

regression MPR was dichotomized at the cut-off value of 80 percent. 

A total of 4,277 patients met the study’s inclusion criteria. The overall mean MPR 

(±SD) for PDPN medications was 75.4 percent (±23.9). Mean MPR (±SD) was highest 

for duloxetine (85.6% ±18.2) and was lowest for pregabalin (69.4% ±24.9). Mean MPR 

differed significantly among individual PDPN medications (p<0.0001). The overall mean 

MPR (±SD) for OAD medications in the pre and post-index period was 73.0 percent 

(±24.3) and 64.5 percent (±25.6) respectively. In both pre and post-index periods, mean 

MPR differed significantly among mono, dual, and triple OAD therapies (p<0.0001). In 

the pre-index period, mean MPR (±SD) was highest for monotherapy users (75.4% 

±24.7) and was lowest for triple therapy users (63.9% ±22.9). Similarly, mean MPR 
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(±SD) was highest for monotherapy users (69.0% ±26.1) and was lowest for triple 

therapy users (52.9% ±21.8) in the post-index period. After controlling for the covariates, 

PDPN adherence (i.e., MPR) was statistically significant (p<0.0001) and positively 

related to post-index OAD adherence (i.e., MPR). PDPN patients who were non-adherent 

(i.e., MPR<80%) to their PDPN medications (or neuropathic pain medications), 

compared to those who were adherent (MPR≥80%), were significantly less likely to be 

adherent to their OAD medications [Odds Ratio (OR) = 0.626, 95% CI=0.545-0.719]. In 

addition, post-index OAD adherence (i.e., MPR) did not differ significantly (p>0.05) 

when pregabalin, duloxetine and gabapentin users were individually compared to 

tricyclic antidepressants users. 

In conclusion, PDPN patients who were adherent (i.e., MPR≥80%) to their PDPN 

medications, compared to those who were not adherent (i.e., MPR<80%), were more 

adherent to their OAD medications. Also, adherence to OAD medications was 

independent of the type of PDPN medication used. PDPN patients need to be educated 

regularly that neuropathic pain medications only relieve the pain associated with the 

neuropathy but achieving adequate glycemic control remains the only established 

approach for slowing down the progression of the neuropathy and other complications 

associated with the diabetes.  
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CHAPTER ONE: INTRODUCTION AND LITERATURE REVIEW 

1.1 INTRODUCTION 

  Neuropathic pain is defined as pain that occurs as a result of a primary lesion or a 

dysfunction in the nervous system, and can be classified as central or peripheral.
1-2 

Neuropathic pain has been reported to substantially impair patients’ quality of life.  The 

pain interferes with sleep and contributes to depressive and anxiety disorders in affected 

patients, a situation referred as the “triad of pain.”
3-4

 Pain is one of the major symptoms 

experienced by patients who present with diabetic peripheral neuropathy. The incidence 

of diabetic peripheral neuropathy increases with poor glycemic control, longer duration 

of diabetes mellitus and older age.
3 

Diabetic peripheral neuropathy (DPN) primarily affects the lower extremities 

(especially the legs and feet) and the hands (especially the fingers). DPN is one of the 

major complications of diabetes mellitus with prevalence rates ranging from 26 percent to 

47 percent.
2, 5

 Approximately 50 percent of patients with a 25-year history of diabetes 

mellitus will develop neuropathy and approximately half of these patients will have pain 

as a symptom of the neuropathy.
6-7

 The goal of therapy lies in preventing progression to 

neuropathy (by ensuring strict glycemic control), and if neuropathy occurs, effectively 

managing the accompanying pain so as to improve the patients’ quality of life.
8 

Several drug therapies have been used in the treatment of neuropathic pain, and 

the most common classes are tricyclic antidepressants (TCAs), anticonvulsants, 

serotonin-norepinephrine reuptake inhibitors (SNRIs) and opioid analgesics.
9
  However, 
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only two drugs have been approved by the FDA with a specific indication for neuropathic 

pain- Cymbalta® (duloxetine) and Lyrica® (pregabalin). Management of pain in DPN 

patients involves increasing patients’ medication burden, which could possibly affect 

adherence to their oral anti-diabetic medications. Adherence to oral antidiabetic 

medications ranged from 36 percent to 93 percent, with lower adherence observed in 

Medicaid populations.
10

 Thus, suboptimal adherence with diabetes medications, 

accompanied by additional medications to treat DPN or other comorbidities, may have a 

negative impact on adherence. This relationship has been observed in statin adherence 

studies, which showed decreases in medication adherence with increased pill burden. 
11-12 

However, Grant et al. suggest that increased pill burden may not be the only issue in 

adherence; side effects and lack of perceived value for the medication could also impact 

patients’ adherence.
13

 

Little has been reported in the literature regarding adherence to neuropathic pain 

medications in DPN, but adherence with medications used to treat neuropathic pain (e.g., 

amitryptyline, duloxetine, gabapentin, and pregabalin) has been reported for other 

indications such as depression, anxiety, and epilepsy.
14-15

 Davis et al. reported an 

adherence rate (i.e., proportion of patients with medication possession ratio (MPR) 

≥80%) of 47.4 percent and mean adherence (i.e., mean MPR) of 70 percent with the use 

of gabapentin among a sample of epileptic patients using anti-epileptic medications.
14

 A 

study comparing adherence rates of older (e.g., tricyclic antidepressants and monoamine 

oxidase inhibitors) and newer antidepressant agents  (e.g., serotonin-norepinephrine 
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reuptake inhibitors (SNRIs), selective serotonin reuptake inhibitors (SSRIs) and 

norepinephrine-dopamine reuptake inhibitors) in depressed patients reported an 

adherence rate (i.e., proportion of patients with medication possession ratio (MPR) 

≥80%) of 32 percent with the use of duloxetine (SNRI), and an overall adherence rate 

(i.e., proportion of patients with medication possession ratio (MPR) ≥80%) of 12.4 

percent with older antidepressant drugs.
15

 In addition, a retrospective study which 

compared adherence rates across varying doses of duloxetine in patients with painful 

diabetic peripheral neuropathy reported adherence rates (i.e., proportion of patients with 

medication possession ratio (MPR) ≥80%) ranging from 18.6 percent to 40.8 percent and 

mean adherence (i.e., mean MPR) ranging from 35 percent to 65 percent.
16

 Studies 

involving the use of pregabalin only reported discontinuation rates (i.e., % of patients 

who discontinued treatment) for pregabalin compared to placebo.
17-19 

Lesser et al. 

documented low discontinuation rates (actual values were not provided) with the use of 

pregabalin in painful diabetic peripheral neuropathy.
17

 In a 13-week study by Arezzo et 

al., the discontinuation rates for DPN patients on pregabalin and placebo were 34 and 28 

percent respectively during the 12-week double-blind treatment phase.
18

 Montgomery et 

al. reported discontinuation rates of 24.9 and 28.1 percent respectively for pregabalin and 

placebo during the 8-week double-blind treatment phase in an 8-week trial involving 

generalized anxiety disorder (GAD) patients.
19

 

Since adherence to anti-diabetic medications has been reported as a major factor 

in achieving glycemic control in diabetic patients,
20

 it is important to determine how 
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management of one of the complications of diabetes (i.e., painful DPN) with the use of 

oral neuropathic pain medications is associated with patients’ adherence to their oral anti-

diabetic medications, bearing in mind that poor glycemic control is a primary risk factor 

of DPN.
3
 

The purpose of this proposed study is to examine DPN patients’ adherence to pain 

medications and determine whether it is related to adherence with oral antidiabetic 

medications using Texas Medicaid pharmacy claims database. 

1.2 LITERATURE REVIEW 

The literature review covers the following topics as it relates to diabetes: disease 

definition, morbidity and mortality, economic burden, incidence and prevalence, 

associated risk factors and complications, treatment goals and options. Other topics 

covered include the pathophysiology, epidemiology, diagnosis and treatment of painful 

diabetic peripheral neuropathy, medication adherence and the factors affecting 

medication adherence in type 2 diabetes patients (especially as it relates to oral anti-

diabetic and neuropathic pain medication use). 

1.2.1 Definition, Morbidity and Mortality 

Diabetes mellitus is a metabolic disorder characterized by persistently elevated 

blood glucose levels and it occurs due to defects in insulin production, insulin action, or 

both.
21

 Insulin is a hormone produced by the beta cells of the pancreas and primarily 

performs the role of regulating the level of glucose in the blood.  
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Individuals presenting with diabetes mellitus are at risk of developing acute as 

well as long term complications associated with the disease (i.e., macro and micro 

vascular complications).
21

 In the United States (U.S.), diabetes has been reported to be 

responsible for many of the new cases of blindness among young adults and older 

patients.
22

 Diabetes is also a major cause of kidney failure and non-traumatic lower 

extremity amputations.
22

 Based on U.S. death certificates in 2006, diabetes was reported 

as the seventh leading cause of death (i.e. listed as the underlying cause of death on 

72,507 death certificates in 2006) 
21

 and people with diabetes were reported to have twice 

the risk of mortality when compared to other people of similar ages who have no 

diabetes. 
22

 

1.2.2 Diabetes Statistics (Prevalence and Incidence of Diabetes) 

In 2000, over 171 million people presented with diabetes worldwide either as a 

single condition or comorbid with other disease conditions. This number has been 

estimated to increase to approximately 220 million in the year 2010. 
23 

According to the 

2007 report by the Centers for Disease Control (CDC), about 7.8 percent of the U.S. 

population had diabetes.
21

 The number of patients diagnosed with diabetes has also 

tripled between 1980 and 2007.
21

 Furthermore, when compared to 2002, there was a 23 

percent increase in the number of new cases of diabetes diagnosed among people aged 20 

years and older.
21-22, 24

 If this current trend continues, bearing in mind that this specific 

population (i.e., people aged 20 years and older) accounted for over 90 percent of the 

U.S. population with diabetes, the CDC estimated the possibility of one out of every three 
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Americans developing diabetes at some point in their lifetime, a condition which would 

possibly claim an average of 10 to 15 years of the life of the affected individual.
21

 

Age, ethnicity and socioeconomic factors have been commonly reported to affect 

the prevalence of diabetes. Based on 2007 prevalence estimates, 0.2 percent of people 

below 20 years of age, 10.7 percent people between 20 and 59 years of age, and 23.1 

percent of people over 60 years of age have diabetes.
21

 People aged 65 years and above 

have been reported to have the highest prevalence of diabetes, while the lowest 

prevalence has been reported among people younger than 45 years of age. This trend has 

been found to be similar across all ethnic groups.
25

 

Although diabetes affects all racial/ethnic groups, its prevalence varies with 

certain racial/ethnic groups being at higher risk of developing the disease when compared 

with the others. Prevalence of diagnosed diabetes among African Americans was reported 

to be higher than that of other racial groups.
25

 Based on the 2007 prevalence estimates by 

the American Diabetes Association (ADA), approximately eight percent of non-Hispanic 

white population, nine percent (9.4%) of non- Hispanic black population, seven percent 

(7.3%) of Hispanic population and seven percent (6.9%) of the other non-Hispanic 

minority groups have diabetes.
26

 

Socioeconomic status (SES) has also been reported to have an association with 

the prevalence of diabetes.
27

 Generally, low SES can result in poor health but the 

relationship between SES measuring variables (i.e., education level, occupation, and 
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income level) and the prevalence of diabetes has been shown to vary with gender.
27 

Robbins et al. reported an inverse relationship between SES and type 2 diabetes in both 

African American women and Caucasian women, but such a relationship was not present 

among African American men or Caucasian men.
27

  Furthermore, based on the Third 

National Health and Nutrition Survey (NHANES III), African Americans presented with 

a higher prevalence of type 2 diabetes and lower SES measuring variables (i.e., education 

level, occupation, and income level) compared to Caucasians.
28

 

1.2.3 Economic Burden of Diabetes 

Due to the chronic nature of diabetes and complications that accompany the 

disease progression, the cost of managing diabetes is significant. In the U.S., about $1 out 

of every $5 spent on healthcare is used to treat a diabetic patient (this includes cost for 

treatment of diabetes and diabetes-related comorbidities).
26

 Based on a 2007 national 

estimate, approximately $174 billion (including both direct medical costs and indirect 

costs) was incurred in the management of diagnosed diabetes.
22, 26, 29 

 Patients with type 2 

diabetes incurred approximately 91.5 percent of the total cost.
29

 Also, undiagnosed 

diabetes accounted for $18 billion, while pre-diabetes and gestational diabetes accounted 

for $25 billion and $636 million respectively. 
29

 Together all these conditions result in an 

annual cost of approximately $218 billion.
29

 

The direct medical costs incurred in the management of diabetes include $58 

billion for treating diabetes related chronic complications, $27 billion to provide care for 

directly treating diabetes and $31 billion for general medical costs.
26

 This has been 
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attributed to diabetic patients’ higher use of medical facilities, higher number of visits to 

health professionals, increased prescription drug and medical supply use, as well as 

increased risk of both microvascular and macrovascular complications. On average, type 

1 and type 2 diabetes cost the individual patient $14,856 and $9,677 per year 

respectively. Gestational diabetes and pre-diabetes (annual medical costs only) cost 

approximately $3,514 per case and $443 per person respectively.
29

 
  
In addition, diabetic 

patients have been reported to incur about 2.3 times more in direct medical expenditures 

per year than those without diabetes.
22, 26  

1.2.4 Risk Factors for Diabetes 

A number of factors have been reported to increase the incidence of diabetes. 

These include obesity, sedentary lifestyle, unhealthy eating habits, family history, 

increased age, high blood pressure, high cholesterol, diseases of the pancreas, and history 

of gestational diabetes.
30

 

1.2.5 Diabetes Types 

Diabetes can be classified into any of the following groups;  

1.2.5.1 Type 1 Diabetes  

This form of diabetes is also known as juvenile- onset diabetes and accounts for 

about 5 to 10 percent of all diagnosed cases of diabetes.
21

 It usually affects children and 

young adults, but can occur at any age. It occurs primarily when the pancreatic beta cells 

responsible for insulin production are destroyed due to a cellular–mediated autoimmune 

disorder, which leads to an absolute insulin deficiency.
21
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1.2.5.2 Type 2 Diabetes 

This form of diabetes is also known as adult-onset diabetes and is the most 

common form of diabetes, accounting for about 90 to 95 percent of all diagnosed cases of 

diabetes. Type 2 diabetes mostly affects people older than 40 years of age.
21

 Although, it 

has a very low prevalence in children and adolescents (i.e., about 0.3 percent), diagnosed 

cases observed in this group are more frequent among American Indians, African 

Americans, Hispanic/ Latino Americans, and Asian/Pacific Islanders.
21

  Type 2 diabetes 

occurs when there is insulin resistance (i.e., a situation whereby the body produces 

insulin but the cells do not use it properly) followed by a gradual inability of the cells of 

the pancreas to adequately produce sufficient insulin to meet the demands of the body. A 

number of factors increase the risk of developing type 2 diabetes and these include 

obesity, physical inactivity, impaired glucose metabolism, history of gestational diabetes, 

family history of diabetes, older age, and race/ethnicity.
21

  Type 2 diabetes is more 

common among African Americans when compared to other races.
25

 

1.2.5.3 Gestational Diabetes Mellitus  

Gestational diabetes mellitus (GDM) is a form of glucose intolerance diagnosed 

in pregnant women, (especially occurs in women who are obese or have a family history 

of diabetes or both) and has been commonly reported among American Indians, African 

Americans, and Hispanic/ Latino Americans women.
21

 The prevalence of GDM varies 

across different populations, ranging from about 1 to 14 percent of pregnancies. 

According to a report by the American Diabetes Association (ADA), about 4 percent of 
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all pregnancies in the U.S. are complicated by GDM, with about 135,000 cases reported 

annually. In addition, about 90 percent of all pregnancies complicated by diabetes in the 

U.S. have been attributed to GDM.
31

 Although most cases of GDM resolve after 

pregnancy, it is still one of the predisposing factors to developing type 2 diabetes and 

according to the Centers for Disease Control, 5 to 10 percent of women with gestational 

diabetes developed type 2 diabetes immediately after pregnancy. It was also estimated 

that gestational diabetes imposes a 40 to 60 percent risk of developing diabetes within 5 

to 10 years after delivery.
21

 

1.2.5.4 Other Types of Diabetes Mellitus 

Other specific types of diabetes occur due to factors such as genetic defects in 

insulin action, genetic defects in pancreatic beta-cells function, malnutrition, infections 

(e.g., viral infections such as congenital rubella, coxsackievirus B, cytomegalovirus, 

adenovirus, and mumps), surgery, diseases (e.g., cystic fibrosis- a disease of the exocrine 

pancreas), endocrinopathies and drugs/chemicals (e.g., in the treatment of AIDS or after 

organ transplant). These forms of diabetes have been reported to account for about 1 to 5 

percent of diagnosed cases of diabetes.
21, 31

 

1.2.6 Diagnosis of Diabetes 

Certain criteria have been established as basis for the diagnosis of diabetes in 

adults (see Table 1.1). Currently, there are three possible ways through which diabetes 

can be diagnosed and any one of the methods chosen must be confirmed on a subsequent 
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day using any one of the other methods, except in the event of unequivocal symptoms of 

hyperglycemia being present.
31

  

 

Table 1.1 Criteria for Diagnosis of Diabetes 

1 Fasting plasma glucose (FPG) ≥ 126mg/dl (7.0mmol/l). Fasting is defined as no 

caloric intake for at least 8 hours.* 

                                                 OR 

2 Symptoms of hyperglycemia and a casual (random) plasma glucose ≥200mg/dl 

(11.1mmol/l). Casual (random) is defined as any time of day without regard to time 

since last meal. The classic symptoms of hyperglycemia include polyuria, 

polydipsia, and unexplained weight loss. 

                                                 OR 

3 2-hour plasma glucose ≥200mg/dl (11.1mmol/l) during an oral glucose tolerance 

test.  

*In the absence of unequivocal hyperglycemia, these criteria should be confirmed by repeat testing on a different day. 

Source: American Diabetes Association. Diagnosis and classification of diabetes mellitus. Diabetes Care. Jan 2009; 32 

Suppl 1:S62-67. 

 

1.2.7 Treatment of Diabetes 

For optimal management of people with diabetes, it is important that the health 

care team devise a treatment plan tailored specifically to the needs of the individual 

patient. The treatment plan should include adequate glycemic control (i.e., monitoring of 

glucose level and measurement of hemoglobin A1C) as well as adequate blood pressure 

and blood lipid levels monitoring.
32

 In addition to these, the treatment plan should also 

include medical nutrition therapy (MNT), physical activity, and pharmacological 

therapy.
32

 It is important that patients be allowed to play active roles in the management 

of their health and they should be encouraged to participate in diabetes self-management 

education (DSME) programs.  
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Other important factors considered when developing a comprehensive treatment 

plan include patient’s age, eating behaviors, work or school schedule, socio-cultural 

/socio-economic factors, and presence of complications of diabetes or other comorbid 

conditions.
32

 

1.2.7.1 Treatment Goals 

In the management of diabetes, the goal of therapy lies in achieving and 

maintaining glycemic control that is normal or close to normal (i.e., as safely as possible), 

prevent or delay the progression of the chronic complications of diabetes, improve 

quality of life, as well as reduce mortality due to diabetes and its complications.
32

 The 

importance of glycemic control in the management of diabetes cannot be over 

emphasized. Several studies have demonstrated the importance of glycemic control in the 

reduction of the risk of complications. Long term follow-up studies on diabetes (i.e., the 

Diabetes Control and Complications Trial (DCCT); the United Kingdom Prospective 

Diabetes Study (UKPDS)) have demonstrated significant reduction in the risk of 

microvascular (i.e., retinopathy and nephropathy) as well as neuropathic complications 

with intensive glycemic control.
33-35

 

Intensive glycemic control has been shown to significantly reduce microvascular 

and neuropathic complications in both type 1 and type 2 diabetic patients. However, the 

role of intensive glycemic control in the management of macrovascular complications 

(i.e., coronary heart diseases, stroke, peripheral arterial diseases, cardiomyopathy, and 

congestive heart failure) has not been fully identified. The DCCT and UKPDS studies 



 13 

reported a significant reduction in the risk of cardiovascular events after 9 and 10 years of 

follow up respectively. 
36-37

 Other studies (i.e., the Action to Control Cardiovascular Risk 

in Diabetes (ACCORD), Action in Diabetes and Vascular Disease: Preterax and 

Diamicron Modified Release Controlled Evaluation (ADVANCE), and Veterans Affairs 

Diabetes Trial (VADT)) reported no significant reduction in the risk of cardiovascular 

events with intensive glycemic control.
38-40

 

1.2.7.2 Treatment Guidelines 

The American Diabetes Association (ADA) has developed a number of 

recommendations (see Table 1.2) to guide healthcare professionals in achieving desirable 

glycemic control and prevention of complications of cardiovascular diseases (CVD).
32

 

These recommendations were similar to those presented by the American Heart 

Association (AHA) and the National Cholesterol Education Program (NCEP). According 

to ADA, treatment goals should be customized to meet individual diabetic patient’s needs 

(i.e., based on the age and life expectancy of the patient, presence of co-morbid 

conditions, duration of diabetes, presence of known CVD or advanced microvascular 

complications, and the patient’s level of hypoglycemia awareness).
32
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Table 1.2 Recommended Glycemic, Blood Pressure, and Lipid Goals for Adults with     

                 Diabetes 

                 Glycemic control 

 

Hemoglobin A1C (HbA1C) 

 

Preprandial capillary 

plasma glucose 

 

Peak postprandial capillary 

plasma glucose 

 

 

    <  7.0 percent * 

 

    70 – 130 mg/dl ( 3.9 – 7.2 mmol/l) 

 

 

    < 180 mg/dl (<10.0mmol/l) 

 

Postprandial glucose may be targeted if HbA1C goals are not met despite reaching 

preprandial glucose goals  

 

Blood Pressure                            Systolic < 130mmHg 

 

                                                    Diastolic < 80mmHg 

Lipids 

 

 Low density lipoprotein 

(LDL)  

 

    < 100mg/dl (<2.6mmol)† 

 

Triglycerides 

 

    < 150mg/dl (<1.7mmol/l) 

 

High density lipoprotein 

(HDL) 

 

    > 40mg/dl (1.0mmol/l) in men 

    > 50mg/dl (1.3mmol/l) in women 
*Referenced to a non diabetic range of 4.0 – 6.0 percent using the Diabetes Control and Complications Trial (DCCT) - 

based assay. Postprandial glucose measurements should be made 1-2 hours after the beginning of the meal, generally 

peak levels in patients with diabetes. † In individuals with overt cardiovascular disease, a lower LDL cholesterol goal 

of < 70mg/dl (1.8 mmol/l), using a high dose of a statin, is an option.   

 

Source: Adapted from: American Diabetes Association. Standards of medical care in diabetes--2009. Diabetes Care. 

Jan 2009; 32 Suppl 1:S13-61. 
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1.2.7.3 Types of Treatment 

Diabetes management can be broadly classified into non-pharmacological (i.e., 

lifestyle changes) and pharmacological (i.e., drugs) interventions. Both methods are 

absolutely important in the management of type 1 diabetes. In patients with type 2 

diabetes, pharmacological intervention becomes necessary only when optimal glycemic 

control cannot be achieved through lifestyle changes alone. Generally, patients with an 

HbA1c level above 7 percent or who present with symptoms can be managed using both 

pharmacological and non-pharmacological interventions. Use of non-pharmacological 

interventions alone is recommended in the management of patients with an HbA1c level 

lower than 7 percent.  The American Diabetes Association, the European Association for 

the Study of Diabetes and the American Association of Clinical Endocrinologists 

published diabetes treatment algorithms to guide health care professionals in effective 

management of diabetes.
32, 41-42

 

1.2.7.4 Non-Pharmacological Intervention in the Management of Diabetes 

In the management of diabetes, it is important to provide adequate patient 

education on the disease state; associated complications; risk for developing the 

complications (including the signs and the symptoms); as well as the importance of 

achieving and maintaining adequate glycemic control, especially as it relates to the 

prevention and management of diabetic complications.
43

 Patients are expected to be 

involved in self monitoring of their blood glucose, as well as being monitored by their 

physician for diabetes related complications through blood pressure and lipid checks, 
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urine, foot and eye examinations.
32, 43

 Other important therapeutic lifestyle measures 

include participating in an appropriate (not strenuous) physical activity (to promote 

weight loss, and achieve/maintain ideal body weight), as well as diligently following a 

recommended dietary plan (e.g., medical nutrition therapy (MNT)) designed and tailored 

to the specific needs of the patient. The MNT should be sensitive to the patient’s personal 

needs, readiness to change and ability to make changes.
32, 43-44

  Generally, type 2 diabetic 

patients are placed on diets with low levels of saturated and trans fatty acids, cholesterol, 

and sodium with the aim of improving their glycemic, cholesterol and blood pressure 

control.  

1.2.7.5 Pharmacological Intervention in the Management of Diabetes 

Pharmacological management of diabetes involves the administration of agents 

such as insulin and/or oral antidiabetic medications (see Table 1.3).
43

  Oral antidiabetic 

agents used in the management of diabetes include first generation sulfonylureas (e.g., 

tolbutamide, acetohexamide, tolazamide, and chlorpropamide); second generation 

sulfonylureas (e.g., glyburide, glipizide and glimepiride); meglitinides (i.e., repaglinide) 

biguanides (e.g., metformin); thiazolidinediones (e.g., rosiglitazone and pioglitazone) , 

alpha-glycosidase inhibitors (e.g., acarbose and miglitol), GLP-1 Inhibitors (e.g., 

exenatide), DPP-4 Inhibitors (e.g., gliptins) and amylin analogs (e.g., pramlintide).
42-43
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Sulfonylureas 

This group of oral antidiabetic drugs was first introduced in the 1950s. They act 

by binding to a receptor site on the pancreatic beta cell membranes through hydrophobic 

anchoring thereby stimulating the production and the release of insulin.
45

 They have been 

found to be effective only in patients who have a reserve of beta cells.  Second generation 

sulfonylureas (e.g., glyburide and glipizide) are generally more potent when compared on 

a milligram-to-milligram basis to the first generation products and they exhibit fewer 

drug interactions and side effects (with the exception for hypoglycemia).
43, 45

 Among the 

second generation sulfonylureas, glimepiride is the most potent and produces fewer 

episodes of hypoglycemia when compared to glipizide and glyburide.
45-46

  The combined 

use of sulfonylureas and insulin has been documented to be effective in the management 

of type 2 diabetic patients.
47

 Other reported side effects of sulfonylureas include 

gastrointestinal complaints, water retention, cutaneous rashes, photosensitivity, 

leucopenia and elevation of liver enzymes.
43

 

Meglitinides  

This group of oral antidiabetic agents acts to increase the secretion of insulin, but 

they bind to a different site from that of the sulfonylureas.
42

 Repaglinide, a meglitinide 

was approved by the FDA in 1997. Patients’ response to repaglinide has been shown to 

be similar to those of the sulfonylureas (i.e., comparable glycemic controls), but with 

lower incidence of hypoglycemia.
48

 Co-administration of repaglinide and metformin has 



 18 

been shown to result in significant improvements in glycemic control. Reported side 

effects include diarrhea and headache.
49 

 

Biguanides 

This class of oral antidiabetic agents was first introduced in the 1950s with the 

release of phenformin. Metformin remains the only biguanide approved for use in the 

U.S. and acts primarily by reducing hepatic glucose production in patients as well as 

increase peripheral glucose utilization. It also brings about a reduction in the release of 

unbound fatty acids from adipose tissue.
50-52

  Type 2 diabetic patients’ response to 

metformin was found to be similar to that of glyburide (a sulfonylurea) and significant 

improvements in glycemic control was achieved when both drugs used administered 

together.
45

  

Metformin has been reported to lower cholesterol and triglyceride levels and 

remains the drug of choice (if any is required) in treatment of patients with pre-

diabetes.
32, 53

 Unlike insulin and sulfonylureas, metformin use has not been associated 

with weight gain but frequently reported side effects include metallic taste, lactic 

acidosis, and gastrointestinal complaints. 
45

 

Thiazolidinediones (Peroxisome Proliferator-Activated Receptor (PPAR) agonists) 

This group of medications acts to increase insulin sensitivity, but does not 

increase insulin secretion and as such is not associated with hypoglycemia.
45, 54

 Although, 

the exact mechanism of action is unknown, they are believed to activate certain genes 
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involved in carbohydrate and fat metabolism.
45

 Examples include troglitazone, 

pioglitazone and rosiglitazone. Rosiglitazone remains the most potent of all the 

thiazolidinediones but may increase the risk of heart attack in some patients. 
45

 

A major drawback in the use of thiazolidinediones (e.g., troglitazone, 

rosiglitazone and pioglitazone) for monotherapy lies in their slow onset of action. 

However, when combined with other agents (e.g., insulin or sulfonylureas), their onset of 

action and peak effects occur more rapidly. 
55-56

Apart from lowering glucose levels, 

thiazolidinediones promote the lowering of total cholesterol and serum triglycerides.
57

 It 

has been reported that clinically significant lowering can only be achieved at high doses. 

Unlike the biguanides (e.g., metformin), thiazolidinediones can be administered to 

patients with renal impairments.
45

 Use of thiazolidinediones has been associated with 

increases in body weight.  Other reported side effects include increase in fluid buildup 

and retention (which could cause or worsen heart failure) with the possibility of causing 

or worsening diabetic macular edema in some patients.
45

 

Alpha-Glycosidase Inhibitors  

  Alpha-glycosidase inhibitors act by inhibiting the breakdown of disaccharides to 

monosaccharides in the intestinal epithelium, thereby slowing the production of sugars 

from carbohydrates and consequently causing a delay and a decrease in the absorption of 

these sugars.
45

 When administered, diabetic patients experience a decrease in 

postprandial glucose peak concentration.
45

 The administration of large doses of alpha-
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glycosidase inhibitors is associated with malabsorption (symptoms include flatulence, 

diarrhea and abdominal discomfort) and as such, it is advisable to start patients on a very 

low dose.
45

  

GLP-1 Agonists (Glucagon-like Peptide-1 Agonists) 

The first drug approved in this class by the FDA in 2005 was exenatide 

(Byetta®). This class of drugs is also referred to as incretin mimetic drugs. They bind to 

the GLP-1 receptors on the beta cells of the pancreas and stimulate glucose mediated 

insulin secretion.
58

 GLP-1 agonists can be administered either alone or in combination 

with the biguanides (i.e., metformin) or sulfonylureas and are primarily used when 

glycemic control cannot be achieved with the use of either metformin or a sulfonylurea. 

Side effects include nausea, vomiting, and diarrhea. Acute cases of pancreatitis have also 

been reported. GLP-1 Inhibitor is not associated with hypoglycemia when used alone, 

however, cases of hypoglycemia have been reported when administered with 

sulfonylureas.
58

 

DPP-4 Inhibitors (Dipeptidyl Peptidase-4 (DPP-4) Inhibitors) 

This class of drugs is also referred to as the gliptins. Sitagliptin (Januvia®) was 

the first to be approved by the FDA in 2006. Their mechanism of action is similar to that 

of the glucagon-like Peptide-1 (GLP-1) inhibitors, but different from the GLP-1 agonists 

in their mode of administration (i.e., administered via injections and not oral).
58

 DPP-4 

inhibitors can also be administered alone, in combination with biguanides (e.g., 
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metformin) or a thiazolidinedione, or as add on therapy to a sulfonylurea. Side effects 

include diarrhea, sore throat, and upper respiratory tract infections. They are not 

associated with weight gain nor do they cause hypoglycemia when used alone.
58

 

Amylin Analog 

This drug class was approved by the FDA in 2005. Pramlintide (Symlin®) is the 

only drug in this class. It is a synthetic form of amylin (i.e., an insulin like hormone) and 

useful for patients on insulin who require better glycemic control. It is administered 

through  subcutaneous injections as an adjunct therapy to insulin.
58

 

Insulin 

Insulin administration is necessary for patients whose pancreas lacks the ability to 

produce insulin (i.e., type 1 diabetic patients), but type 2 diabetic patients can also benefit 

from the combined use of insulin and oral antidiabetic medications (i.e., those with a 

more severe form of type 2 diabetes and those whose pancreatic beta cells have 

deteriorated over time).
21, 47

  While insulin use in type 1 diabetic patients is for a life time, 

type 2 diabetic patients may discontinue use after some months or years. The intensive 

use of insulin in type 2 diabetic patients serves to restore plasma glucose balance (by 

removing the effect of glucose toxicity) and together with lifestyle modifications, 

significantly reverses insulin resistance.
43

 Insulin can be broadly classified into three 

groups based on duration of action (i.e., short acting, intermediate acting and long acting-

see Table 1.4).
43

 Other classifications of insulin are based on their strength, species 
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source, and purity. Their mode of administration is via subcutaneous injection under the 

skin.
45

 In recent years, an inhalable form of insulin has also been made available. It has a 

more rapid absorption via the lungs into the blood stream when compared to the 

subcutaneous injections with a similar effect on HbA1c.
45

 

Table 1.3 Oral Antidiabetic Agents used in the Management of Type 2 Diabetes 

     Generic         Brand     Daily dose      Duration 

First generation Sulfonylureas 

Tolbutamide Orinase® 500-3000mg QD Up to 10 hours 

Tolazamide Tolinase® 100-1000mg QD Up to 10 hours 

Chlorpropamide Diabinese® 100-500mg QD Up to 72 hours 

Acetohexamide Dymelor® 250-1500mg QD Up to 16 hours 

Second generation Sulfonylureas 

Glipizide Glucotrol® 5-40mg QD-BID Up to 20hours 

Glipizide                    

extended release 

Glucotrol XL® 5-20mg QD only 24 hours 

Glyburide Diabeta®   

Micronase® 

1.25-20mg QD-

BID 

Up to 24 hours 

Glyburide 

(Micronized) 

Glynase® 1.5-12mg QD – 

BID 

Up to 24 hours 

Glimepiride Amaryl® 1-8mg QD 24 hours 

Meglitinide 

Repaglinide Pradin® 0.5-4mg TID 2-3 hours 

Biguanides 

Metformin Glucophage® 1000-2550mg BID Up to 24 hours 

Metformin             

extended release 

Glucophage XL® 500-2000mg BID Up to 24 hours 

Thiazolidinediones 

Rosiglitazone Avandia® 4-8mg QD or 2-4 

mg BID 

24 hours 

Pioglitazone Actos® 30-45mg QD 24 hours 
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Table 1.3 Oral Antidiabetic Agents used in the Management of Type 2 Diabetes 

                 (Continued) 

     Generic         Brand     Daily dose      Duration 

Alpha glycosidase inhibitors 

Acarbose Precose® 25-100mg TID 1-3 hours 

Miglitol Glyset® 25-100mg TID 1-3 hours 

GLP-1 agonist (Glucagon-like Peptide-1 agonist) 

Exenatide Byetta® 5mcg BID given  

subcutaneous for 

first 1 month, then 

10mcg BID, injected 

within 60 minutes 

before morning and 

evening meal 

Peak effect in 2 

hours but acts up to 

10 hours 

DPP-4 Inhibitors (Dipeptidyl peptidase-4 inhibitors) 

Sitagliptin Januvia® 100mg QD Approximately 24 

hours 

Amylin analog 

Pramlintide Symlin® In type 2 diabetes: 

60-120mcg starting 

with 60mcg 

subcutaneous before 

meals 

Peak effect in 20 

minutes but acts up 

to 4 hours 

Source: Adapted from: Texas Diabetes Council. Texas Department of Health. Diabetes Tool Kit. [Accessed 2009 July 

23]; Available on:  http://www.dshs.state.tx.us/diabetes/PDF/08toolkit/Tool%20Kit%20A_Main.pdf 
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Table 1.4 Onset, Peak, and Duration of Selected Insulin Preparations 

 

Type of Insulin 

 

Onset (h) 

 

Peak (h) 

 

Duration (h) 

Short acting 

Regular 

 

0.5 -1 

 

2-4 

 

5-7 

Intermediate 

acting 

NPH 

Lente 

 

 

1-2 

1-2 

 

 

6-14 

6-14 

 

 

18-24 

18-24 

Long acting 

Ultralente 

 

4-6 

 

18-26 

 

36+ 
Source: Dipiro J, Talbert RL, Yee GC. Endocrinologic disorders. Pharmacotherapy: A pathophysiologic approach: 

Appleton and Lange; 1997:1489-1516. 

 

1.2.8 Complications of Diabetes 

A major concern in the management of diabetes is the occurrence of 

complications, many of which are irreversible. Complications in diabetes occur as a result 

of the injurious effects of hyperglycemia.
59

   In 2007, an estimated $58 billion of the 

direct medical cost for treatment of diabetes was attributed to the management of 

diabetes-related complications.
26

 Long term complications of diabetes can be broadly 

classified into two major categories: (1) macrovascular (e.g., peripheral arterial disease, 

stroke, and coronary artery disease); and (2) microvascular (e.g., retinopathy, neuropathy, 

and nephropathy).
59

 While a strong relationship exists between glycemic control and 

microvascular complications, it is difficult to define the exact relationship between 

macrovascular complications and glycemic control.
36-37

 Other complications experienced 

by diabetic patients include skin complications, gastroparesis, dental infections and 

depression.
60
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1.2.8.1 Macrovascular Complications of Diabetes 

Macrovascular diseases occur due to the process of atherosclerosis.
59

 

Atherosclerosis occurs as a result of damage (due to chronic inflammation or injury) to 

the walls of the arteries in the vascular system. With a buildup of lipids on the walls of 

the arteries, there is a narrowing of the walls, and ultimately an irreversible plaque is 

formed which is known as an atheroma. When the plaque or atheroma ruptures, it leads to 

vascular infarction.
61

 Also accompanying the atherosclerotic process is a high possibility 

for the occurrence of hyper- coagulation and elevated platelet adhesion, all of which 

predisposes the diabetic patient towards developing a cardiovascular event. 
59

 

Because factors which co-exist with diabetes (e.g., abdominal obesity, 

hypertension, dyslipidemia, and increased coagulation) are associated with cardiovascular 

diseases (CVD), the exact mechanism by which diabetic patients develop CVD is 

confounded.
59

   Furthermore, it has been also reported that diabetic patients are at a 

higher risk of developing a cardiovascular event when compared to non-diabetic patients 

with similar baseline characteristics. CVD remains the major cause of death within the 

diabetic population and based on the UKPDS study, the ratio of deaths due to CVD 

compared to those due to microvascular complications was 70 to 1.
62

 Common CVD 

events experienced by diabetic patients include coronary heart diseases, myocardial 

infarction (MI), stroke, cerebrovascular diseases, erectile dysfunction and peripheral 

vascular diseases.
59
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In diabetic patients, multiple drug therapy is highly recommended. These include a statin 

(to improve lipid profile), a fibric acid derivative (to raise HDL levels and lower 

triglycerides) and antihypertensive therapy (i.e., angiotensin-converting enzyme 

inhibitors (ACEIs) or angiotensin receptor blockers (ARBs), to lower blood pressure, 

reduce cardiovascular endpoints as well as slow down the progression of diabetic 

nephropathy due to their reno-protective properties).
59

 

1.2.8.2 Microvascular Complications of Diabetes 

The three microvascular complications associated with diabetes include, diabetic 

nephropathy, diabetic retinopathy and diabetic neuropathy.
59

 These microvascular 

complications have been reported to be interrelated with each other (i.e., presence of one 

serves as a powerful predictor of the presence of another).
63

 The sequence of occurrence 

of microvascular complications is not exactly known. However, it has been postulated 

that diabetic retinopathy occurs before the development of either diabetic nephropathy or 

neuropathy and diabetic neuropathy occurs along with or after the development of 

diabetic nephropathy.
63 

Diabetic Nephropathy 

Diabetic nephropathy is the major cause of end stage renal disease in the U.S., 

requiring either dialysis or kidney transplantation.
59

 The risk of occurrence is similar for 

both type 1 and type 2 diabetic patients. It is usually characterized by the development of 

microalbuminuria (albumin excretion rate of 30–299 mg/ 24 hours) and if not adequately 
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controlled, it could progress to proteinuria (> 500mg/24 hours) and overt diabetic 

nephropathy.
59

 About one of every two patients presenting with microalbuminuria 

developed it within 19 years of being diagnosed with diabetes and about 7 percent of 

patients with type 2 diabetes may have developed microalbuminuria before being 

clinically diagnosed with diabetes.
64-65

  Based on the UKPDS study, microalbuminuria 

has a 10-year prevalence of 25 percent after diagnosis and a yearly incidence of about 2 

percent.
64-65

  For type 2 diabetic patients, administration of specific antihypertensive 

medications (i.e., angiotensin-converting enzyme inhibitors (ACEIs) or angiotensin 

receptor blockers (ARBs)) have been shown to reduce the risk of nephropathy and 

cardiovascular events.
64, 66

 All diabetic patients should be screened yearly for 

microalbuminuria and serum creatinine.
32

 

Diabetic Retinopathy 

Diabetic retinopathy is associated with abnormal increase in urinary albumin 

excretion.
67

 It has a yearly incidence of approximately 10,000 cases of blindness in the 

U.S and is the leading cause of blindness in people 20 to 74 years of age.
22, 67-68

  It is the 

most common microvascular complication and its risk increases with both duration and 

severity of diabetes.
59

  The rate of occurrence, from time of diagnosis, is 20 years for type 

1 and 7 years for type 2 diabetic patients.
68

 Generally, diabetic retinopathy can be 

classified as either background (i.e., characterized by presence of small hemorrhages in 

the middle layers of the retina) or proliferative (i.e., characterized by the presence of new 
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blood vessels on the surface of the retina with a possibility of development of vitreous 

hemorrhage).
69

 All diabetic patients should receive yearly comprehensive eye exams.
32

 

Diabetic Neuropathy (DN)  

According to the ADA, diabetic neuropathy is recognized as “the presence of 

symptoms and/or signs of peripheral nerve dysfunction in people with diabetes after the 

exclusion of other causes.”
70

  It is the most frequently occurring of all complications of 

diabetes and could lead to clinically significant morbidities such as pain, loss of 

sensations, foot ulcers, gangrene and amputations.
71

 The risk of developing diabetic 

neuropathy increases with severity and duration of the underlying hyperglycemia, 

hyperlipidemia, as well as hypertension.
59

 Potential mechanisms identified to be 

responsible for the nerve damage experienced by diabetic patients include; the deposition 

of advanced glycosylation end products (AGE) within the nerve, oxidative nerve injury, 

the polyol pathway of glucose metabolism, protein kinase, and the effects of vascular 

insufficiency.
72

 

Types of Diabetic Neuropathy 

Diabetic neuropathies can be broadly classified into four categories and these are: 

rapidly reversible hyperglycemic neuropathy; generalized symmetric polyneuropathies; 

focal and multifocal neuropathies; and superimposed chronic inflammatory 

demyelinating neuropathy.
73

 Generalized symmetric polyneuropathies can be further 

classified as chronic sensorimotor, acute sensory or autonomic neuropathy. Of all the 
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forms of generalized symmetric polyneuropathies, the acute sensory neuropathy occurs 

rarely while the chronic sensorimotor neuropathy is the most frequently occurring and is 

seen in most cases of diabetic neuropathies.
7
  Chronic sensorimotor neuropathy usually 

occurs alongside autonomic neuropathy and both become irreversible once they are 

established in the patient. About 50 percent of patients with chronic sensorimotor 

neuropathy may experience a gradual onset of numbness, burning pain, electrical or 

stabbing sensations, deep aching pain, paresthesia, or dysesthesia (alone or in 

combination), and hyperesthesia. Other symptoms may include presence of minor distal 

muscle weakness and wasting.
7
 

At the onset of the disease, patients with chronic sensorimotor neuropathy might 

experience these symptoms in their feet and lower limbs, but as the disease progresses 

there is a gradual worsening of these symptoms both in intensity and distribution and 

eventually symptoms spread to the arms, hands, and fingers, increasing the risk of 

injuries and burns. Clinical examination of the lower limbs often reveals the absence of 

ankle reflexes, the loss of sensations to pressure, vibration, pain, and temperature 

perception.
7 

In addition, the feet could be warm or cold (due to peripheral autonomic 

dysfunction), there could be presence of distended dorsal foot veins (when obstructive 

peripheral vascular disease is absent), dry skin, and calluses under pressure bearing 

areas.
7 
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Diagnosis 

In the process of evaluating diabetic neuropathy, it is important to rule out other 

forms of neuropathy (e.g., uremia, vitamin B12 deficiency, hypothyroidism, chronic 

inflammatory demyelinating polyneuropathy) that occur more frequently in diabetes but 

are not due to diabetes. The presence of  neuropathy can be detected through the use of a 

single or combined application of any of the following (e.g., a pin prick or a gauze, 10-g 

monofilament pressure, a 128 Hz tuning fork (to examine vibration perception) at the 

distal halluces, and ankle reflexes of the diabetic patient.
7 

Management of Diabetic Neuropathy 

Management of diabetic neuropathy can be classified into primary prevention 

approach, symptom management and disease modification.
7, 59, 72

  Achieving stable and 

optimal glycemic control (primary prevention approach) serves as the only effective 

measure to prevent or at least slow down the progression of the disease.
7, 72

 Symptomatic 

management of diabetic neuropathy involves the administration of drugs (e.g., tricyclic 

antidepressants (TCAs), anticonvulsants, serotonin-norepinephrine reuptake inhibitors 

(SNRIs), selective serotonin and norepinephrine reuptake inhibitors (SSRIs), local 

anesthetic/ anti-arrhythmic agents, and opioids). The use of disease modifying agents 

(that act to inhibit or modify the potential mechanisms through which nerve injury occurs 

in diabetic patients) in clinical trials has not been encouraging.
7, 72
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Practice Recommendation 

All diabetic patients should be screened for diabetic peripheral neuropathy at the 

time of diagnosis of type 2 diabetes and 5 years after the diagnosis of type 1 diabetes and 

yearly thereafter for both types of diabetes. All patients should be examined for foot 

ulcers, calluses, and deformations.  It is advisable to educate as well as encourage 

patients already presenting with diabetic peripheral neuropathy to begin appropriate foot 

care and be referred to a podiatrist. 
7, 59

 

1.2.9 Painful Diabetic Peripheral Neuropathy (PDPN) 

According to the International Association for the Study of Pain (IASP), 

neuropathic pain is defined as “pain initiated or caused by a primary lesion or dysfunction 

in the nervous system.”
1
 Neuropathic pain can be classified as either peripheral or central 

depending upon the lesion site within the nervous system.
2
 As discussed earlier, PDPN is 

one of the symptoms of diabetic neuropathy, but not all diabetic patients with diabetic 

neuropathy will experience PDPN. Approximately half of all patients presenting with 

diabetic peripheral neuropathy will experience neuropathic pain.
7
 Risk factors responsible 

for diabetic neuropathy are also associated with the incidence of PDPN.
3
 

Many PDPN patients have difficulty in describing the pain they experience, but 

common neuropathic pain descriptors typical of such patients include sharp, burning, 

electric shock, stabbing, numbness, pins and needles, tingling, squeezing, pressure, and 

aching. Other symptoms include loss of or presence of abnormal sensations (e.g., 
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allodynia, hyperalgesia, hypoalgesia, paroxysmal and spontaneous continuous pain) in 

the affected area.
73

 The pain generally gets worse at night. Typically, PDPN patients on 

physical examination present with a loss of sensation for vibration, pin prick, pressure, 

and temperature. They also indicate a reduction or absence of reflexes in their ankles.
74

  

1.2.9.1 Prevalence 

The actual prevalence of PDPN remains unknown. Prevalence estimates, 

according to community based studies, ranged from 16 to 26 percent.
75

  Davies et al. and 

Sadosky et al. reported prevalence rates of 26.4 and 15 percent respectively.
76-77 

  

1.2.9.2 Economic Burden of Painful Diabetic Peripheral Neuropathy 

Painful diabetic peripheral neuropathy (PDPN) negatively affects diabetic 

patients’ quality of life. It is associated with sleep disturbances as well as anxiety and 

depressive symptoms.
3-4

 Patients experience decreased physical activity (including ability 

to work) and mobility, fatigue, as well as restrictions in social activities, overall self-

worth, and independence. 
3 
 

1.2.9.3 Pathophysiology 

The pathogenesis of neuropathic pain occurs through two primary mechanisms 

(i.e., peripheral and central).
78

 

Peripheral Mechanisms 

Following nerve injury, there is the formation of neuromas as well as the 

sprouting of new nerve projections which causes an alteration in sensory properties. 
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There is an increase in the expression of both the voltage gated calcium channels and the 

sodium channels due to neuronal firing.
78

 With an increase in expression of voltage gated 

calcium channels, there is an increase influx of calcium into the presynaptic nerve 

causing the release of excess excitatory neurotransmitters (e.g., glutamate and substance 

P) leading to excessive neuronal firing. Another explained cause of neuronal excitability 

includes demyelination of injured nerves.
78 

 

Central Mechanisms 

This involves the development of spinal sensitization which is characterized by 

increased spinal neuronal sensitivity, improved responsiveness to synaptic inputs and 

reduced activation thresholds.
78

 The N-methyl-D-aspartate (NMDA) receptor serves as 

the major receptor responsible for the transmission of central sensitization, but the 

experimental use of NMDA blocking agents has provided little or no analgesic benefit.  

The analgesic effects of opioids and antidepressants (centrally acting agents) are partly 

due to descending pathways activation (i.e., the periaqueductal grey rostral ventromedial 

medulla).
78

 

Diagnosis 

The diagnostic approach includes listening to the patients’ verbal descriptors of 

pain, use of neuropathic pain assessment tool (see Table 1.5), physical examination to 

assess if there is a loss of sensations to touch, vibrations, pressure, pinprick, cold and 

warmth (e.g., gauze test, tuning fork test, monofilament test, wooden cocktail stick test, 
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thermoroller test).
7, 79

 It is important to also determine the nature of the underlying 

pathophysiology, especially if the diabetic patient presents with lower extremity pain, 

which can also be caused by vitamin B12 deficiency, radiculopathy, Charcot’s 

neuroarthropathy, vascular claudication, tarsal tunnel syndrome, and idiopathic distal 

small fiber neuropathy.
74 

 

Table 1.5 Neuropathic Pain Assessment Tools 

 

      Neuropathic pain assessment tools 

 

    Characteristics 

 

Leeds Assessment of Neuropathic Symptoms and 

Signs (LANSS)  

Douleur  Neuropathique en 4 questions (DN4) 

Pain DETECT 

ID- Pain 

The Standardized Evaluation of Pain (StEP) 

   

 

Focuses on differential diagnosis of 

neuropathic pain 

 

Neuropathic Pain Scale (NPS) 

Neuropathic Pain Symptom Inventory (NPSI) 

Neuropathic Pain Questionnaire (NPQ)  

 

 

Focuses on quality and intensity of 

symptoms 

 

Source: Adapted from:  

Bennett MI, et al. Using screening tools to identify neuropathic pain. Pain, 2007; 127: 199-203. 

Benzon HT. The neuropathic pain scales. Regional Anesthesia and Pain medicine, 2005; 30(5): 417-421. 

Cruccu G, Truini A. Tools for assessing neuropathic pain. PLoS Med, 2009; 6 (4): e1000045. 
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1.2.10 Management of Painful Diabetic Peripheral Neuropathy 

The focus of current therapy in the management of PDPN lies in the treatment of 

symptoms of neuropathic pain.
72

 Current therapy cannot prevent or reverse the 

neuropathic process but intensive glycemic control has been shown to prevent and/or 

slow down the progression of the neuropathy.
7
 The management of painful diabetic 

peripheral neuropathy can be classified into two categories (i.e., non-pharmacological 

and pharmacological).  

1.2.10.1 Non-Pharmacological Treatment of Painful Diabetic Peripheral Neuropathy  

A number of non-pharmacological therapies are used for the symptomatic 

treatment of patients presenting with PDPN. These include use of transcutaneous 

electrical nerve stimulation, cold water immersion, acupuncture; frequency-modulated 

electromagnetic nerve stimulation therapy, implanted medication delivery systems, spinal 

cord stimulation, monochromatic infrared energy, polyurethane film dressings, patient 

education, and psychological support.
80

 

1.2.10.2 Pharmacological Treatment of Painful Diabetic Peripheral Neuropathy 

Even though duloxetine (a selective serotonin noradrenalin reuptake inhibitor) 

and pregabalin (an anticonvulsant) remain the only approved drugs by the FDA for 

treatment of neuropathic pain, a wide variety of drugs are still being used for the 

treatment of neuropathic pain.
9, 81

 These include tricyclic antidepressants (e.g., 

amitryptyline, desipramine, and imipramine), anticonvulsants (e.g., gabapentin, 

lamotrigine, topiramate, phenytoin and carbamazepine), serotonin-norepinephrine 
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reuptake inhibitors (e.g., duloxetine, venlafaxine), opioids (e.g., tramadol, methadone and 

oxycodone), local anesthetics (e.g., topical lidocaine), anti-arrhythmics (e.g., mexiletine), 

capsaicin, and selective serotonin reuptake inhibitors (e.g., paroxetine and citalopram).  

Tricyclic Antidepressants (TCAs) 

Tricyclic antidepressants (TCAs) have been shown through randomized 

controlled trials to be effective in the management of neuropathic pain (i.e., 

amitryptyline, desipramine, nortriptyline, and imipramine).
82

 Their mechanism of action 

involves the inhibition of reuptake of neurotransmitters, but they have also been reported 

to act on the N-methyl-d-aspartate receptors and the sodium channels. However, the 

numerous side effects of TCAs have limited their use in clinical practice. The side effects 

associated with TCAs include dry mouth, nausea, sedation, urinary retention, 

constipation, cardiac arrhythmia, blurred vision, increased appetite, increased weight, and 

postural hypotension.
74, 83

 

Anticonvulsants 

This class of drugs has also been reported to be effective in the management of 

neuropathic pain. Although pregabalin and gabapentin remain the most widely used drugs 

in this class, others such as lamotrigine and sodium valproate have been shown to be 

effective in randomized controlled trials.
83

 While neither pregabalin nor gabapentin act 

through direct interaction with gamma-amino-butyric acid (GABA) receptors, they are 

structurally related to GABA. Both drugs act by binding to the α-2-delta subunit of the 
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voltage gated calcium channels, modulating the influx of calcium ions and reducing the 

excessive release of excitatory neurotransmitters (e.g., glutamate, substance P and 

norepinephrine).
84

 Efficacy of both drugs have been confirmed through clinical trials.
17, 85

 

Side effects of gabapentin include sedation, dizziness, headache, pedal edema, and 

weight gain. The side effects of pregabalin include dizziness, somnolence, edema, blurred 

vision, dry mouth, weight gain, and abnormal thinking.
83

 Anticonvulsants are preferred to 

TCAs in clinical practice due to their more tolerable side effect profile and unique 

mechanism of action. Although carbamazepine has been reported to be useful in the 

management of trigeminal neuralgia, limited evidence exists for its efficacy in the 

management of  painful diabetic peripheral neuropathy.
83

 

Serotonin-Norepinephrine Reuptake Inhibitors (SNRIs) 

Serotonin-norepinephrine reuptake inhibitors (SNRIs) act by selectively inhibiting 

the reuptake of both serotonin and norepinephrine. In this drug class, duloxetine remains 

the only approved drug for the management of neuropathic pain and its efficacy has been 

demonstrated through randomized controlled trials.
86-88

  Duloxetine boosts the activity of 

serotonin and norepinephrine in the descending pain inhibitory pathways originating from 

the mid brain and terminating in the spinal cord.
83

 

Opioid Analgesics 

This drug class has been demonstrated to be efficacious in the management of 

neuropathic pain. Examples of drugs in this class include morphine, oxycodone, 
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methadone, levorphanol and tramadol.
81

 Tramadol is a centrally acting synthetic opioid 

analgesic. It has a weak inhibitory activity on serotonin and norepinephrine uptake as 

well as a low affinity for the µ-opioid receptors. Side effects include constipation, nausea, 

and somnolence.
83

 

Local Anesthetic/ Anti-Arrhythmic Agents 

The lidocaine patch has been shown to be efficacious in the management of post 

herpetic neuralgia (PHN).
89

 It has been approved for use in PHN by the FDA, but there 

are still concerns regarding the possibility of occurrence of serious life threatening 

adverse events, such as breathing difficulties, irregular heartbeat, seizures, coma and even 

death especially when applied onto a large area of the skin. Lidocaine blocks sodium 

channels and dampens both peripheral nociceptor sensitization as well as the CNS hyper- 

excitability. Mexiletine (an oral form of lidocaine) has not been readily used in clinical 

practice due to its side effects and need to conduct regular electrocardiogram monitoring 

along with its use.
83

 

Other Pharmacological Agents  

Capsaicin has been reported to have limited efficacy but could be beneficial in 

patients who are not responsive to other medications.
90

 Selective serotonin reuptake 

inhibitors and non steroidal anti-inflammatory agents (NSAIDs) are not effective in the 

management of neuropathic pain.  
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1.2.11 Treatment Guidelines for Painful Diabetic Peripheral Neuropathy 

Neuropathic pain medications can be classified either as first-, second- or third- 

line treatments, based on the amount and consistency of clinical evidence available with 

respect to their efficacy and safety.
81

 According to a recommendation endorsed by the 

International Association for the Study of Pain (IASP), TCAs, SNRIs, anticonvulsants 

(i.e., calcium channel α-2-delta ligands), and topical lidocaine are recommended as first- 

line therapy.
81

 Opioid analgesics and tramadol are recommended as second-line agents.  

Other medications (i.e., certain antiepileptic and SSRIs, mexiletine and topical capsaicin) 

are generally considered as third-line treatments.
81

 Generally, depending on the clinical 

circumstances encountered, second-line treatment can be used as first-line and third-line 

treatment can be used as second-line. Information on the recommended dosages of these 

drugs is provided in Table 1.6. Limited information exists regarding clinical trials 

involving the combined use of these medications, but Argoff et al. provided 

recommendations (see Table 1.7) on combination therapy in a 2006 report of the Mayo 

clinic proceedings.
91
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Table 1.6 Prescribing Recommendations for Neuropathic Pain Medications  

 

Medication class 

 

Starting dose 

 

Titration 

 

Maximum dose 

TCAs 
a
 

Nortriptyline, 

desipramine  (use a 

tertiary amine 

TCA 
a
 (e.g. 

amitryptyline, 

imipramine, 

clomipramine) 

only if a secondary 

amine TCA is not 

available) 

 

25mg at bedtime 

 

Increase by 25mg 

daily every 3-7 

days as tolerated 

 

150mg daily 

SNRIs 

Duloxetine 

 

 

 

Venlafaxine 

 

 

 

 

30mg once daily 

 

 

 

37.5mg once or 

twice daily 

 

Increase to 60mg 

once daily after 

one week 

 

Increase by 75mg 

each week 

 

60mg twice daily 

 

 

 

225mg daily 
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Table 1.6 Prescribing Recommendations for Neuropathic Pain Medications 

                (Continued) 

 

Medication class 

 

Starting dose 

 

Titration 

 

Maximum dose 

 

Topical lidocaine 

Lidocaine (5%) 

patch 

 

Maximum of 3 

patches daily for a 

maximum of 12 

hours 

 

None needed 

 

Maximum of 3 patches daily for 

a maximum of 12-18 hours 

Anticonvulsants 

(Calcium channel 

α-2-delta ligands) 

 

Gabapentin 
a
 

 

 

 

 

Pregabalin 
a
 

 

 

 

 

100-300mg at 

bedtime or 100-

300 mg three times 

daily 

 

50mg  three times 

daily or 75mg 

twice daily 

 

 

 

 

Increase by 100-

300mg three times 

daily every 1-7 

days as tolerated 

 

Increase to 300mg 

daily after 3-7 days, 

then by 150mg/d 

every 3-7 days as 

tolerated  

 

 

 

 

3600mg daily (1200mg three 

times daily); reduce if impaired 

renal function 

 

 

600mg daily (200mg three 

times or 300mg twice daily); 

reduce if impaired renal 

function 

 

Opioid agonists 
b 

Morphine, 

oxycodone, 

methadone, 

levorphanol 
a
 

 

10-15mg morphine 

every 4 hours or as 

needed 

equianalgesic 

dosages should be 

used for other 

opioid analgesics 

 

After 1-2 weeks , 

convert total daily 

dosage to long 

acting opioid 

analgesic and 

continue short-

acting medication 

as needed 

 

No maximum dosage with 

careful titration; consider 

evaluation by pain specialist at 

relatively high dosages (e.g., 

120-180mg morphine daily; 

equianalgesic dosages should be 

used for other opioid 

analgesics) 
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Table 1.6 Prescribing Recommendations for Neuropathic Pain Medications 

                (Continued) 

 

Medication class 

 

Starting dose 

 

Titration 

 

Maximum dose 

Tramadol 
c
 50mg once or 

twice daily 

Increase by 50-

100mg daily in 

divided doses every 

3-7 days as 

tolerated 

400mg daily (100mg four times 

daily); in patients older than 75, 

300mg daily 

TCAs–Tricyclic antidepressant; SNRIs- Serotonin-norepinephrine reuptake inhibitors 
a Consider lower starting doses and slower titration in geriatric patients  
b First line only in certain circumstances  
c Consider lower starting dosages and slower titration in geriatric patients; dosages given are for short-acting 

formulation           

Source: Adapted from Dworkin RH, O’Connor AB, Backonja M, Farrar JT, et al. Pharmacologic management of 

neuropathic pain: Evidence- based recommendations. Pain, 2007; 132: 237-251.  
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Table 1.7 Rational Polypharmacy for Diabetic Peripheral Neuropathic Pain* 

 

      First Line Drug 

 

Add on therapy 

 

           Avoid 

 

 SNRIs 

 

α-2-delta ligands, opioids, 

topical agents 

 

Other SNRIs, TCAs, 

tramadol 

 

α-2-delta ligands 

 

SNRIs, TCAs, opioids, 

tramadol, topical 

 

Other α-2-delta ligands 

 

TCAs 

 

α-2-delta ligands, opioids, 

topical 

 

SNRIs, tramadol 

 

Opioids 

 

SNRIs, α-2-delta ligands, 

TCAs, topicals  

 

Other opioids 

 

Tramadol 

 

α-2-delta ligands, opioids, 

topical 

 

SNRIs, TCAs 

 

Topical agents 

 

SNRIs, α-2-delta ligands, 

TCAs, opioids, tramadol, 

topicals  

 

None 

TCAs–Tricyclic antidepressants; SNRIs- Serotonin-norepinephrine reuptake inhibitors 

*Rationale for Polypharmacy includes the ability to decrease toxicity, address treatment failures, take advantage of 

complementary mechanisms of action, and decrease drug -drug interactions.  

Source: Argoff CE, Backonja MM, Belgrade MJ, Bennett GJ, Clark MR, Cole BE, et al. Consensus guidelines: 

Treatment planning and options. Mayo Clin Proc, 2006; 81 (4 suppl.): S12-S25 

 

         While it is important to ensure that diabetes is diagnosed early and appropriate 

medications are prescribed, success in the management of diabetes depends partly on 

ensuring adequate medication adherence on the part of the patient in order to prevent the 

occurrence of long term complications of diabetes. 
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1.2.12 Medication Adherence 

According to the World Health Organization (WHO), adherence is defined as “the 

extent to which a person’s behavior (i.e., taking medication, following a diet, and/ or 

executing lifestyle changes) corresponds with agreed recommendations from a health 

care provider.”
92

 Medication adherence can also be defined as “the extent to which 

patients take medications as prescribed by their health care providers.”
93

 

A number of predictors have been associated with poor adherence to medications 

and these include cognitive impairment, psychological problems (especially depression), 

barriers to care or medication, patient’s lack of confidence in immediate or future benefits 

of treatment, patient’s lack of adequate understanding of the disease and its 

complications, asymptomatic nature of some diseases, complexity of treatment, side 

effects of medications, poor relationship with health care provider, high medication cost,  

missed appointments, and inadequate follow-up or discharge planning. Other possible 

explanatory factors include gender, race and socioeconomic status.
93

 Poor adherence to 

prescribed medications has been related to an increase in disease progression, 

development of complications, preventable hospitalizations and emergency department 

visits, ambulatory care, increased visits to physicians and other healthcare providers, 

premature disability, death, and increased health care costs.
94

 In the United States, 33 to 

69 percent of medication related hospital admissions are due to poor adherence and these 

have been reported to account for about $100 billion a year.
93

 Generally, patients with 

chronic conditions (i.e., especially after the first six months of therapy) have been 
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reported to present with lower adherence rates when compared to those with acute 

conditions.
93

 Among patients with chronic conditions, patients with asymptomatic 

conditions (e.g., diabetes, hypertension, and dyslipidemia) have a greater challenge 

adhering to their medications.  

1.2.13 Adherence to Antidiabetic Medications in Type 2 Diabetic Patients 

Adherence to prescribed antidiabetic medications (in addition to lifestyle 

modifications) in the management of diabetes remains the established approach in 

achieving adequate glycemic control, preventing the  occurrence of both macrovascular 

and microvascular complications, as well as reducing health care expenditures. 

Unfortunately, type 2 diabetic patients have been generally reported to have problems 

adhering to their antidiabetic medications. Shenolikar et al. reported an adherence rate 

(i.e., proportion of patients with medication possession ratio (MPR) ≥80%) of 56 percent 

in a study involving Medicaid patients who were newly started on oral monotherapy.
94

 

Boccuzzi et al. reported a mean adherence (i.e., mean MPR) of 79.3 percent while  

Morningstar et al. documented a mean refill adherence rate (continuous multiple-interval 

measure of medication availability) of 86 percent to oral antidiabetic medications.
95-96

 A 

systematic review of adherence to antidiabetic medications by Cramer in 2004 revealed 

suboptimal adherence to antidiabetic medications with mean adherence (i.e., proportion 

of doses taken as described) ranging from 36 to 93 percent.
10
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1.2.14 Factors Related to Medication Adherence in Type 2 Diabetes 

Non-adherence to prescribed medications in type 2 diabetic patients have been 

described as a product of the interaction among patient related factors (e.g., demographic, 

psychological and social factors), disease-related factors (e.g., diseases severity, presence 

of comorbidities and complications), treatment-related factors (e.g., number of 

medications, side effects of medications, dosage frequency of medications, and cost of 

medications), medical system and health care provider-related factors.
97

 

Patient Related Factors 

Demographic factors commonly associated with non-adherence include age, 

gender, race, socioeconomic status, and education level.   The effect of age on medication 

adherence in type 2 diabetic patients seems to be inconsistent. Certain studies reported 

better adherence with older patients while others reported younger patients as being more 

adherent with medications.
98-100

 Also, there are conflicting results with respect to the 

effect of race and gender on adherence to oral anti-diabetic medications. While some 

studies reported a non-statistically significant effect, others reported poor medication 

adherence with males and minority groups.  Low education levels and low 

socioeconomic status have been related with poor medication adherence and greater 

diabetes related morbidity.
97, 101 

Psychological factors associated with non-adherence include health beliefs (i.e., 

how the patient perceives the seriousness of his/her disease condition, how vulnerable the 

patient views his/her likelihood of developing complications, how the patient perceives 
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the efficacy of  prescribed medications), patient’s past behaviors, stress levels, anxiety, 

depression, and eating disorders.
13, 100-102

 Diabetic patients with poor psychological 

wellbeing have problems adhering to their medications.
103

  In addition, poor social 

support (especially from family members) negatively affects patients’ adherence to their 

diabetic medication regimen.
101

  

Disease Related Factors  

Type 2 diabetic patients presenting with co-morbid condition(s) (e.g., depression, 

musculoskeletal diseases, and obesity) and/or complications of diabetes (e.g., 

hypertension, dyslipidemia, painful diabetic peripheral neuropathy) will require 

additional medications to treat these conditions. Although studies exist in the literature 

regarding diabetic patients’ adherence to a number of medications used to treat common 

comorbid diabetes conditions (e.g., lipid lowering, anti-hypertensives, anti-platelets-

aspirin), 
11-13 

information regarding adherence to neuropathic pain medications is limited. 

However, adherence rates with these medications used in neuropathic pain (e.g., 

amitryptyline, duloxetine, gabapentin, and pregabalin) have been reported in other 

disease states such as depression, anxiety, and epilepsy.
14-15

 Davis et al. reported an 

adherence rate (i.e., proportion of patients with medication possession ratio (MPR) 

≥80%) of 47.4 percent and mean adherence (i.e., mean MPR) of 70 percent with the use 

of gabapentin among a sample of epileptic patients using anti-epileptic medications.
14

 A 

study comparing adherence rates of older (e.g., tricyclic antidepressants and monoamine 

oxidase inhibitors) and newer antidepressant agents  (e.g., serotonin-norepinephrine 
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reuptake inhibitors (SNRIs), selective serotonin reuptake inhibitors (SSRIs) and 

norepinephrine-dopamine reuptake inhibitors) reported an adherence rate (i.e., proportion 

of patients with medication possession ratio (MPR) ≥80%) of 32 percent with the use of 

duloxetine (SNRI) and an overall adherence rate (i.e., proportion of patients with 

medication possession ratio (MPR) ≥80%) of 12.4 percent with older antidepressant 

drugs.
15

  In addition a retrospective study which compared adherence across varying 

doses of duloxetine in patients with painful diabetic peripheral neuropathy reported 

adherence rates (i.e., proportion of patients with medication possession ratio (MPR) 

≥80%) ranging from 18.6 percent to 40.8 percent and mean adherence (i.e., mean MPR)  

ranging from 35 percent to 65 percent.
16

 Studies involving the use of pregabalin only 

reported discontinuation rates (% of patients that discontinued treatment) for pregabalin 

compared to placebo.
17-19

 Lesser et al. documented low discontinuation rates with the use 

of pregabalin in painful diabetic neuropathy.
17

 In a 8-week study by Arezzo et al., the 

discontinuation rates for DPN patients on pregabalin and placebo were 34 and 28 percent 

respectively during the 12-week double-blind treatment phase.
18 

Montgomery et al. 

reported discontinuation rates of 24.9 and 28.1 percent respectively for pregabalin and 

placebo during the 8-week double-blind treatment phase in an 8-week study involving 

generalized anxiety disorder (GAD) patients.
19 
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Treatment Related Factors 

Treatment related factors associated with non-adherence in the management of 

type 2 diabetes include the number of medications (pill burden), side effects, dosage 

frequency, and cost. While it is generally believed that diabetic patients who take 

multiple medications are less adherent to their diabetic regimens, the literature has 

conflicting information. Donnan et al. and Melikian et al. reported better adherence with 

one tablet per day administration when compared with the use of multiple tablets.
98, 104

 

Monotherapy regimens were shown to produce a better adherence when compared to 

polytherapy regimens. Also, patients who switched from monotherapy or polytherapy to 

a single (i.e., fixed) combination tablet had an improvement in their adherence rates.
104 

However, Grant et al. reported a non-significant effect of multiple medication use on 

patients’ medication adherence rates.
13 

Increased side effects of medications have been shown to negatively impact 

patients’ medication adherence. Grant et al. reported side effects of diabetes and other 

diabetes-related medications (e.g., dyslipidemics, antihypertensives) as a major cause of 

medication non-adherence in diabetic patients.
13 

Studies have reported an inverse relationship between the complexity of dosage 

regimen (i.e., number of doses per day) and medication adherence in patients.
100, 105-106

 

Studies by Dailey et al. and Denzii et al. reported significant differences between 

patients’ adherence rates and dosage regimens; simpler dosage regimens were associated 
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with better adherence rates.
100, 106 

Higher medication cost has been shown to be associated 

with decreased medication adherence. 
107 

Health Care Provider Related Factors 

The quality of a patient’s relationship with his/her health care provider has been 

shown to have a considerable effect on patient medication adherence. Patients who are 

more satisfied with their healthcare provider have better adherence. Availability of 

support from healthcare providers has been shown to be related to achieving adequate 

glycemic control in patients.
97       

1.2.15 Interventions for Improving Medication Adherence in Type 2 diabetic                             

Patients 

 

In order to achieve the desired goals of therapy in the management of patients 

presenting with type 2 diabetes, considerable attention must be given towards improving 

individual patient’s adherence to his/her prescribed medication(s). The first step lies in 

helping the patient understand that diabetes is a self-managed condition which requires 

that the individual patient play a major role.
97

 Other important  steps involve providing 

adequate patient education (e.g., disease  information, possible complications, 

medications, importance of taking the medications appropriately); improving dosing 

schedules (by providing pill boxes to organize daily doses, simplifying the regimen to 

once a day dosing, and the use of indicators to prompt patients to use their medications); 

improving patient-physician communication (i.e., physician should set goals with their 
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patients as well as provide support that would enhance optimal patient self management 

behaviors over time); and creating clinic hours that are convenient, efficient and 

flexible.
93, 97 

1.2.16 Summary of Literature Review 

 

Diabetes is a chronic disease which requires both adequate pharmacological and 

non pharmacological management. Achieving adequate glycemic control remains the 

only established approach for preventing the occurrence as well as for slowing down the 

progression of the complications associated with the disease.
7 

 

It has been reported that one out of every two patients with at least a 25 year 

history of diabetes will develop diabetic neuropathy and approximately half of these 

patients will develop painful diabetic peripheral neuropathy (PDPN) as one of the 

symptoms of the neuropathy.
6-7

 PDPN has been reported to substantially impair patients’ 

quality of life; interfering with sleep and responsible for depressive and anxiety disorders 

in affected patients.
3-4

 Adherence to antidiabetic medications has been reported as a 

major factor in achieving glycemic control in diabetic patients.
7
 However, type 2 diabetic 

patients have been generally reported to have problems adhering to their medications, 

thereby increasing their risk of developing diabetic complications. Use of neuropathic 

pain medications remains the most effective means of managing painful diabetic 

peripheral neuropathy, but studies on adherence involving the use of these neuropathic 

pain drugs with other diabetic medications are not currently available.   
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1.2.17 Objectives and Hypotheses 

The purpose of this study was to examine adherence to medications used in 

managing painful diabetic peripheral neuropathy (PDPN) and determine their association 

with oral antidiabetic (OAD) medication adherence, bearing in mind that poor glycemic 

control has been reported as a primary risk factor of PDPN. 

Specific Research Objectives and Hypotheses 

1) To describe painful diabetic peripheral neuropathy (PDPN) medication use in the 

Texas Medicaid diabetic population. 

2) To describe oral antidiabetic (OAD) medication use in the Texas Medicaid population. 

3) To determine if PDPN medication adherence differs among individual PDPN agents. 

H1: There is a significant difference in adherence among the PDPN medications.  

4) To determine if pre-index OAD medication adherence differs among mono, dual, and 

triple OAD therapies.  

H2: There is a significant difference in pre- index adherence among mono, dual 

and triple OAD therapies. As the number of therapies increases (from mono to 

dual to triple therapies), there is a significant decrease in pre-index OAD 

medication adherence. 

5) To determine if post-index OAD medication adherence differs among mono, dual and 

triple OAD therapies. 
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H3: There is a significant difference in post- index adherence among mono, dual 

and triple OAD therapies. As the number of therapies increases (from mono to 

dual to triple therapies), there is a significant decrease in post-index OAD 

medication adherence. 

6) To determine if PDPN adherence is related to post-index OAD medication adherence 

while controlling for pre-index OAD medication adherence, PDPN medication type, age, 

gender, insulin use, total number of non-study medications at index, use of  fixed dose 

combination (FDCT) and post-index OAD therapy. 

H4A: PDPN medication adherence is significantly and positively related to post-

index OAD medication adherence controlling for pre-index OAD medication 

adherence, PDPN medication type, age, gender, insulin use, total number of non-

study medications at index, use of FDCT and post-index OAD therapy. 

H4ALogistic: Patients who are adherent to their PDPN medication are significantly 

more likely to be adherent to their OAD medication adherence, controlling for 

pre-index OAD medication adherence, PDPN medication type, age, gender, 

insulin use, total number of non-study medications at index, use of FDCT and 

post-index OAD therapy 

H4B:  Pre-index OAD medication adherence is significantly and positively related 

to post-index adherence controlling for PDPN medication adherence, PDPN 
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medication type, age, gender, insulin use, total number of non-study medications 

at index, use of FDCT and post-index OAD therapy. 

H4BLogistic:  Patients who are adherent to their OAD medication in the pre-index 

period are  significantly more likely to be adherent to their OAD medications in 

the post-index period controlling for PDPN medication adherence, PDPN 

medication type, age, gender, insulin use, total number of non-study medications 

at index, use of  FDCT and post-index OAD therapy. 

H4C: PDPN medication type is significantly and positively related to post-index 

OAD medication adherence, controlling for PDPN medication adherence, pre-

index OAD medication adherence, age, gender, insulin use, total number of non-

study medications at index, use of FDCT and post-index OAD therapy. 

H4CLogistic: Patients on TCAs are significantly more likely to be adherent to their 

OAD medications, compared to other PDPN medications, controlling for PDPN 

medication adherence, pre-index OAD medication adherence, age, gender, 

insulin use, total number of non-study medications at index, use of FDCT and 

post-index OAD therapy. 

H4D:  Insulin use is significantly and positively related to post-index OAD 

adherence controlling for pre-index OAD adherence, PDPN medication 

adherence, PDPN medication type, age, gender, total number of non-study 

medications at index, use of FDCT and post-index OAD therapy. 
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H4DLogistic:  Insulin users are significantly more likely to be adherent to their OAD 

medication controlling for pre-index OAD adherence, PDPN medication 

adherence, PDPN medication type, age, gender, total number of non-study 

medications at index, use of  FDCT and post-index OAD therapy. 

H4E: Age is significantly and positively related to post-index OAD adherence 

controlling for pre-index OAD adherence, PDPN medication adherence, PDPN 

medication type, gender, insulin use, total number of non-study medications at 

index, use of FDCT and post-index OAD therapy. 

H4ELogistic: As age increases patients are significantly more likely to be adherent to 

their OAD medications controlling for pre-index OAD adherence, PDPN 

medication adherence, PDPN medication type, gender, insulin use, total number 

of non-study medications at index, use of FDCT and post-index OAD therapy. 

H4F: Total number of non-study medications at index is significantly and 

negatively related to post-index OAD adherence controlling for pre-index OAD 

adherence, PDPN medication adherence, PDPN medication type, age, gender, 

insulin use, use of FDCT and post-index OAD therapy. 

H4FLogistic: As the total number of non-study medications at index increases, 

patients are significantly less likely to be adherent to their OAD medications 

controlling for pre-index OAD adherence, PDPN medication adherence, PDPN 
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medication type, age, gender, insulin use, use of  FDCT and post-index OAD 

therapy. 

H4G: Females are significantly more adherent to their OAD medications 

compared to males controlling for pre-index OAD adherence, PDPN medication 

adherence, PDPN medication type, age, total number of non-study medications at 

index, insulin use, use of FDCT and post-index OAD therapy. 

H4GLogistic: Females are significantly more likely to be adherent to their OAD 

medications controlling for pre-index OAD adherence, PDPN medication 

adherence, PDPN medication type, age, total number of non-study medications at 

index, insulin use, use of FDCT and post-index OAD therapy. 

H4H: Use of fixed dose combination (FDCT) is significantly and positively related 

to post-index OAD adherence controlling for pre-index OAD adherence, PDPN 

medication adherence, PDPN medication type, age, total number of non-study 

medications at index, insulin use and post-index OAD therapy. 

H4HLogistic: Patients on fixed dose combination (FDCT) are significantly more 

likely to be adherent to their OAD medications controlling for pre-index OAD 

adherence, PDPN medication adherence, PDPN medication type, age, total 

number of non-study medications at index, insulin use and post-index therapy. 

H4I: Post-index therapy is significantly and negatively related to post-index OAD 

adherence controlling for pre-index OAD adherence, PDPN medication 
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adherence, PDPN medication type, age, gender, insulin use, use of FDCT and 

total number of non-study medications at index. 

H4ILogistic: As the number of post-index therapy increases (i.e., from mono to dual 

to triple therapies) patients are significantly less likely to be adherent to their 

OAD medications controlling for pre-index OAD adherence, PDPN medication 

adherence, PDPN medication type, age, gender, insulin use, use of FDCT and 

total number of non-study medications at index. 
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CHAPTER TWO: METHODOLOGY 

This chapter describes the study methods. Information provided covers the study 

design, data source, duration of data collection, index date, and subjects’ inclusion 

criteria. Also discussed are the study variables, sample size calculations, and statistical 

analytical methods that were employed to address the study objectives.  

 2.1 STUDY DESIGN AND DATA SOURCE 

This is a retrospective study involving the use of a secondary database. The study 

participants are Texas Medicaid recipients prescribed both oral antidiabetic and 

neuropathic pain medications. Data were obtained from the Texas Medicaid prescription 

claims data files which has over 200,000 patients receiving diabetes-related services.
108

  

The Medicaid program is a health care program jointly sponsored by the state and federal 

government and provides medical coverage for low income families, non-disabled 

children, individuals with disabilities, elderly people, pregnant women, and caretakers of 

dependent children.
109

 The state is required by the federal government to provide a set of 

basic medical services to its enrollees.
109

 It is an entitlement program with no limit set on 

enrollment numbers provided enrollees meet eligibility criteria. The Texas Medicaid 

program provides medical services for approximately 3.2 million (13.5%) residents.
110

 

Among the non-elderly (i.e., 64 years of age and below) beneficiaries of the Texas 

Medicaid program, children (i.e., eighteen years of age and below) constitute the majority 

(72.6%) of patients covered. Females comprise approximately 53.2 percent and non-
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whites account for approximately 81.5 percent of the Texas Medicaid (non-elderly) 

population. 
110

 

2.1.1 Institutional Review Board Approval 

Approval was obtained from the University of Texas at Austin Institutional 

Review Board prior to the commencement of the study. Because this retrospective claims 

database contains de-identified data, the health information used in the study presents no 

more than a minimal risk to the welfare and privacy of subjects. 

2.1.2 Data Collection 

Data from Texas Medicaid were extracted within the time frame of June 1, 2003 

to October 31, 2009. Subjects were identified from December 1, 2003 to October 31, 

2008 (Figure 2.1). Prescription claims for each subject were analyzed over an 18-month 

study period (i.e., 6 months pre-index and 12 months post index period). Information 

extracted from the Texas Medicaid prescription claims is listed in Table 2.1. 

Figure 2.1 Data Extraction and Subject Identification Period 

                                          Identification / index period  

June 1, 2003     December 1, 2003         October 31, 2008        October 31, 2009     

 

  Pre-index period                                     Post-index period 

                                                Index Date 
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 Table 2.1 Texas Medicaid Prescription Claims Data File Information 

Variable name Description 

ID Unique client identification number 

Dispense date Date prescription was filled 

NDC
1 

National Drug Code 

GCN_SEQNO
2 

Generic Code Number 

Quantity Quantity of the drug dispensed 

Days supply Number of days of the drug supplied 

Gender Patient’s gender 

Age Patient’s age at index 
 1 Unique code for drugs that identifies the labeler/vendor, product, and package size 

 2Unique code for drugs that identifies different drug strengths 

  

2.1.3 Index Date 

The index date is defined as the date of the first fill for any of the painful 

neuropathic pain medication the patient is on (e.g., Cymbalta® (duloxetine); Lyrica® 

(pregabalin); gabapentin; amitryptyline; nortriptyline; and desipramine). The index date 

is unique for each subject and falls within December 1, 2003 and October 31, 2008.  

2.1.4. Inclusion Criteria 

Texas Medicaid recipients who met the following eligibility criteria were included 

in the study: (1) patients between the ages of 30 and 64 years at the index date; (2) 

prescribed any oral antidiabetic agent and have received at least two prescriptions for the 

same oral antidiabetic medications in both the pre and post-index periods; (3) not on 

more than three different oral antidiabetic medications in both the pre and post-index 

periods; (4) received at least two prescriptions of any of the following neuropathic pain 

medications (i.e., duloxetine; pregabalin; gabapentin; amitryptyline; nortriptyline; and 
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desipramine) within the index period; and (5) continuously enrolled at least six months 

before and twelve months after the index date.  

The choice of study medications for neuropathic pain (i.e., duloxetine; pregabalin; 

gabapentin; nortriptyline; desipramine; and amitryptyline) was based on the 

recommended first-line therapy endorsed by the International Association for the Study 

of Pain (IASP).
81

   

2.2 STUDY VARIABLES 

2.2.1 Dependent Variables 

The dependent variable is medication adherence (i.e., adherence to oral anti-

diabetic medications). Medication possession ratio (MPR) was used in assessing 

medication adherence and only index medications were considered for analyses 

(medication switches or combination therapies for the neuropathic pain medications were 

not accounted for).  

Study subjects were patients on mono, dual or triple (oral antidiabetic) therapy 

regimen. Based on the aim and objectives of the study, monotherapy was defined as 

treatment with only one oral antidiabetic medication. Dual therapy refers to a co-

administration of two separate oral antidiabetic medications, while triple therapy refers to 

a co-administration of three separate oral antidiabetic medications.  A patient was 

identified as being on either dual or triple oral antidiabetic therapy, if the two (as in the 

case of a dual therapy) or  three (as in the case of a triple therapy) oral antidiabetic 
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medications used had at least two overlap periods of 15 days. Patients were also 

classified based on whether they were prescribed a fixed dose combination therapy 

(FDCT) or not in the post-index period. A patient was identified as a fixed dose 

combination therapy user if the patient’s post-index oral antidiabetic medications 

included a fixed dose combination product. In the absence of diagnoses (i.e., International 

Classification of Disease, Ninth Edition, Clinical Modification Codes), use of any of the 

following medications: amitryptyline, nortriptyline, desipramine, gabapentin, Lyrica 

(pregabalin®) or Cymbalta (duloxetine®) served as proxy for diagnosis of painful 

diabetic peripheral neuropathy (PDPN).  

2.2.1.1 Medication Possession Ratio 

Medication possession ratio (MPR) can be defined as the sum of total days’ 

supply for all fills divided by the number of days in the study period (Figure 2.2).
111

 MPR 

reflects the proportion of days the patient had the medication in possession. For patients 

on dual or triple therapies, MPR reflects the duration (in days) when the patient was on 

both medications (in case of dual therapy) or on the three medications (in case of triple 

therapy).  The concomitant use of two medications was considered dual therapy if both 

medications had at least two overlap periods of 15 days. Likewise, the concomitant use of 

three medications was considered triple therapy if there was at least two overlap periods 

of 15 days or more among the three medications. MPR for dual therapy was determined 

by calculating the average of the MPRs of the individual medications which constituted 

the dual therapy. Likewise, the MPR for triple therapy was determined by calculating the 
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average of the MPRs of the individual medications which constituted the triple therapy. 

An MPR less than 80 percent was regarded as being non-adherent to prescribed 

medication, while an MPR equal to or greater than 80 percent was regarded as being 

adherent to prescribed medication. MPRs above 100 percent were truncated at 100 

percent for the purpose of analyses.  

The number of days in the study period (i.e., denominator for MPR calculation) 

for the oral antidiabetic medication therapy was 180 and 365 for the pre- and post-index 

periods respectively because oral antidiabetic medications were expected to be taken 

continuously to slow down the progression of the complications associated with diabetes. 

However, painful diabetic peripheral neuropathy (PDPN) medications only relieve the 

patient of the painful symptoms of the neuropathy but do not prevent its progression and 

as such patients might not be placed continuously on them. Based on this, the 

denominator for the MPR for the PDPN medications was calculated differently as the 

number of days between the first and last fills plus days supply of the last fill.  

Figure 2.2 Formula for Calculating Medication Possession Ratio (MPR) 

                MPR (OAD
1
 monotherapy)   =         Sum of total days’ supply for all fills                     

                                                                      
† 

Number of days in the study period  

 

             MPR (OAD
1
 dual therapy)   =        Sum of total days’ supply for all fills/2                     

                                                                     
†
Number of days in the study period  
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Figure 2.2 Formula for Calculating Medication Possession Ratio (MPR) Continued 

 

 

             MPR (OAD
1
 triple therapy) =          Sum of total days’ supply for all fills/3                     

                                                                     
†
Number of days in the study period 

 

 

 

 

            MPR (PDPN
2
 medication) =           Sum of total days’ supply for all fills                   

                                                                     The number of days between the first and last 

                                                                     fills plus days supply of the last fill 

 

1
Oral antidiabetic medication 

2
Painful diabetic peripheral neuropathy 

†Number of days in the study period for the pre-index and post-index periods was 180 and 365 days 

respectively 

 

2.2.2 Independent Variable 

The main independent variables include neuropathic pain medication type and 

adherence to neuropathic pain medication.  

2.2.2.1 Covariates 

Factors (i.e., covariates) that could confound the relationship between patient 

adherence and medication type were examined and were controlled for in the study.  

These include age, gender, insulin use, total number of medications at the index date, pre-

index adherence, post-index OAD therapy and use of a FDCT as part of OAD therapy. 

All the covariates were obtained from the Texas Medicaid database. Table 2.2 presents a 

summary of the study variables’ operational definitions. 
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Table 2.2 Operational Definition for the Variables Used in the Study 

Variables Operational Definition 

Dependent Variable 

Post-index OAD
1
 

medication adherence  

MPR
2
 for post-index OAD

1
 medication adherence 

Independent Variables 

PDPN
3
 medication type Type of neuropathic pain medication prescribed (categorical 

variable) 

1= Pregabalin, 2= Duloxetine, 3= Gabapentin, 

 4= Amitryptyline, 5= Nortriptyline, 6= Desipramine 

 

PDPN
3
 medication 

adherence 

MPR
2
 for PDPN

3
 medication adherence in the post-index 

period 

Covariates 

Age Age of the patient at the index date (continuous variable) 

Gender Gender of patient (categorical variable) 

1= Female, 0= Male 

Insulin Use Insulin therapy at index date
4
 (categorical variable) 

1= Yes; 0= No 

Pre-index OAD
1
 

medication adherence 

MPR
2
 for pre-index OAD

1
 medication adherence  

Post-index OAD
1
 

therapy 

Type of  OAD
1
 therapy (categorical variable) 

1= Monotherapy, 2= Dual therapy
5
, 3= Triple therapy

6
 

Post-index FDCT
7
 

medication use 

Use of a FDCT
7
 medication during the post-index period 

1= Yes; 0= No 

Number of  non-study 

medication tablets taken 

at index date 

Total number of non-study medication tablets from all oral 

medications taken at index date (continuous variable) 

1Oral antidiabetic medications   
2Medication possession ratio 
3Painful diabetic peripheral neuropathy 
4The claims of insulin or oral medications that each patient received before the index date were identified to check if 

the patient has the medication at the index date (i.e. If a patient was given a 30 day supply within 30 days in advance of 

the index date, the patient was assumed as an insulin or oral medication user) 
5To be identified as dual therapy, at least two overlap periods of 15 days (or more) are required  
6To be identified as triple therapy, at least two overlap periods of 15 days (or more) are required 
7Fixed dose combination therapy 

2.3 STATISTICAL ANALYSIS 

A number of statistical analytical methods were used in addressing the study 

objectives. All statistical methods were performed using SAS version 9.2. An a priori 

significance level of p<0.05 was used for all statistical analyses.  
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Descriptive statistics (i.e. mean, standard deviation, frequency) were used to 

summarize painful diabetic peripheral neuropathy (PDPN) and oral antidiabetic (OAD) 

medication use in the Texas Medicaid population. Analysis of Variance (ANOVA) was 

employed to determine: (1) if PDPN medication adherence differs among individual 

PDPN agents; (2) if pre-index OAD medication adherence differs among type of OAD 

therapy; and (3) if post-index OAD medication adherence differs among type of OAD 

therapy. For each significant ANOVA test, a post-hoc means comparison test (i.e., 

Duncan test) was employed to determine which group differed significantly from the 

other. Multivariate analysis (i.e., multiple linear regression) was conducted to determine 

which factors (PDPN adherence, pre-index OAD medication adherence, age, gender, 

insulin use, and total number of non-study medication at index) were significantly related 

to post-index OAD medication adherence. Logistic regression was conducted to examine 

factors related to post-index OAD medication adherence when measured dichotomously 

(i.e., <80, ≥80) while controlling for covariates (i.e., age, gender, insulin use, pre-index 

OAD medication adherence, post-index OAD therapy, post-index FDCT medication use 

and number of non-study medications taken at index date). A summary of the statistical 

tests performed is presented in Table 2.3.  
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Table 2.3 Summary of the Study Objectives, Variables and Statistical Tests 

OBJECTIVES DEPENDENT 

VARIABLE 

INDEPENDENT 

VARIABLE 

STATISTICAL TEST 

1) To describe PDPN
1
 

medication use in the Texas 

Medicaid diabetic 

population. 

PDPN
1
 

medication use 

 Descriptive statistics (i.e. 

mean, standard deviation, 

frequency) 

2) To describe OAD
2
 

medication use in the Texas 

Medicaid population. 

OAD
2
 

medication use 

 Descriptive statistics (i.e. 

mean, standard deviation, 

frequency) 

3) To determine if PDPN
1
 

medication adherence differs 

among individual PDPN
1
 

agents. 

PDPN
1
 

medication 

adherence  

(Continuous) 

PDPN
1
 

medication  type 

(Categorical) 

Analysis of variance 

(ANOVA) 

 

4) To determine if pre-index 

OAD
2
 medication adherence 

differs among mono, dual, 

and triple OAD
2
 therapies. 

Pre-index OAD
2
 

medication 

adherence 

(Continuous) 

OAD
2 

 

medication type 

(i.e. mono, dual 

and triple 

therapy) 

(Categorical) 

Analysis of variance 

(ANOVA) 

 

 

5) To determine if post-

index OAD
2
 medication 

adherence differs among 

mono, dual and triple OAD
2
 

therapies.  

Post-index 

OAD
2 

medication 

adherence  

(Continuous) 

OAD
2
 medication 

type (i.e. mono, 

dual and triple 

therapy) 

(Categorical) 

Analysis of variance 

(ANOVA) 
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Table 2.3 Summary of the Study Objectives, Variables and Statistical Tests  

                (Continued) 

OBJECTIVES DEPENDENT 

VARIABLE 

INDEPENDENT 

VARIABLE 

STATISTICAL 

TEST 

6) To determine if PDPN
1
 

adherence is related to 

post-index OAD
2
 

medication adherence 

while controlling for pre-

index OAD
2
 medication 

adherence, age, gender, 

PDPN medication type, 

post-index FDCT
3
 

medication use, post-index 

OAD therapy, insulin use 

and total number of non-

study medications. 

Post-index OAD
2
 

medication 

adherence 

(Continuous) 

PDPN
1
 medication 

type, Gender,  post-

index FDCT
3
 

medication use, post-

index OAD therapy 

and insulin use    

(Categorical) 

Multiple regression 

Age , PDPN
1
 

medication adherence, 

total number of non-

study medication use at 

index, pre-index OAD
2
 

medication adherence
 

(Continuous) 

Post-index OAD
2
 

medication 

adherence 

(dichotomous- 

i.e., <80 and ≥ 80) 

(Categorical) 

PDPN
1
 medication 

adherence 

(dichotomous- i.e., <80 

and ≥ 80), PDPN
1
 

medication type, pre-

index OAD
2
 

medication 

adherence(dichotomou

s- i.e., <80 and ≥ 80), 

gender, post-index 

FDCT
3
 medication use,  

post-index OAD 

therapy and insulin use   

(Categorical)  

Logistic Regression 

Age , total number of 

non-study medication 

use at index 

(Continuous) 
1Painful diabetic peripheral neuropathy 
2Oral antidiabetic medications  
3Post-index fixed dose combination therapy 
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2.4 SAMPLE SIZE CALCULATIONS AND TEST ASSUMPTIONS 

Three main types of inferential statistical analyses were conducted (i.e., analysis 

of variance (ANOVA), multiple linear regression, and logistic regression). Test 

assumptions, preliminary data checks, as well as sample size calculations are presented in 

this section.  

2.4.1 Analysis of Variance (ANOVA) 

To address objectives 3, 4 and 5, analysis of variance (ANOVA) was employed. 

ANOVA requires that the following assumptions are met: 1) independent random 

samples are taken from each population (i.e., the groups being compared are regarded as 

distinct population; 2) the populations are normally distributed; and 3) the population 

variances are all equal.  

For the sample size calculation, a medium effect size (f = 0.25) was assumed 

according to Cohen’s convention.
112

 Given an alpha level of 0.05, and power of 0.8, with 

3 oral antidiabetic medication therapies (i.e., mono, dual and triple therapy) the required 

total sample size was 159 (53 subjects per group). Also, given an alpha level of 0.05, and 

power of 0.8, with 6 oral neuropathic pain medication groups (i.e., amitryptyline, 

nortriptyline, desipramine, gabapentin, Lyrica (pregabalin®), and Cymbalta 

(duloxetine®)), the total required sample size was 216 (36 subjects per group). 
113 
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2.4.2 Multiple Regression (MR) 

To address the first part of objective 6, multiple regression (i.e. simultaneous 

multiple linear regression) was employed. Multiple regression requires that the data to be 

analyzed must be a random sample from a population in which the following assumptions 

are met: 1) observations are independent; 2) the relationship between the dependent and 

independent variables is linear; and 3) the distribution of the dependent variable is normal 

with a constant variance for each combination of values of the independent variables. 

For the sample size calculation, a moderate effect size (i.e., R
2
 =0.13, meaning 

13% of the variance in the dependent variable is explained by the independent variables) 

was assumed based on conventional values.
113

 Given nine independent variables, an 

alpha of 0.05 and power equal to 0.8, the total required sample size for the multiple linear 

regression was 114.
113

 The formula
113

 used is presented in Figure 2.3.  

Figure 2.3 Formula for Calculating Sample Size for Multiple Regression 

  

N= (L/γ) + k +1   γ=effect size= R
2
/ (1-R

2
) 

 

N= Estimated sample size 

γ= Estimated effect size  

R
2
= Multiple correlation coefficient 

K= Number of predictors or independent variables 

L= Tabled value for the desired alpha and power values 
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2.4.3 Logistic Regression 

To address the second part of objective 6, logistic regression was employed. The 

following assumptions are required in order to employ a logistic regression model: 1) 

there must be enough responses in the different categories in order to avoid 

overestimation of parameters and standard errors; 2) observations have to be independent 

of one another; and 3) the dependent variable has to be a dichotomous variable.   The 

regression model is presented in Figure 2.4. 

For the sample size calculation, the cohort studies formula (see Figure 2.5) was 

used.
114

 The information needed to calculate the sample size using the cohort studies 

formula include: (1) α or type I error considered tolerable; (2) β or type II error 

considered tolerable; (3) minimum relative risk to be detected (or measure of effect size); 

(4) incidence of the disease in the group with pre-index adherence below 80%; and (5) 

ratio of group with pre-index OAD medication adherence below 80% to those with pre-

index OAD medication adherence greater than or equal to 80%.
114

  

Type I and type II error rate were set at 0.05 and 0.2 respectively. The literature 

has limited information regarding the values for the other three parameters (i.e., items 3, 

4 and 5) mentioned above and as such varying values (for these parameters) was used for 

the sample size calculation. The possible largest sample size obtained was chosen as the 

minimum required sample size for the logistic regression. The ratio of group with pre-

index OAD medication adherence below 80% to those with pre-index OAD medication 

adherence greater than or equal to 80% is varied over two different values (i.e., 1:1 and 
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2:1).  Relative risk value was varied over 3 different values (1.25, 1.5 and 2.00), while 

incidence of post-index OAD medication adherence in the group with pre-index OAD 

medication adherence below 80% was set at 25 percent. Table 2.4 presents the estimates 

of sample sizes required for cohort studies. Based on the estimates of sample size 

obtained, the total minimal required sample size for the logistic regression was 1,809.
114  

 

Figure 2.4 Logistic Regression Model 

logit [Ө (x)] = log [ Ө(x) / 1-Ө(x)] = α + β1x1 + β2x2 + …….+ β12x12 

Ө (x) = Probability of success (MPR
1
 ≥ 80%) 

1-Ө(x) = Probability of failure (MPR
1
<80%) 

α = Constant of equation 

β = Coefficient of the predictor variables 

X1= PDPN
2
 medication adherence (Adherers vs Non-Adherers)  

X2= Pre-index OAD
3
 medication adherence (Adherers vs Non-Adherers) 

X3= Post-index OAD
3
 therapy (Monotherapy vs Triple therapy) 

X4= Post-index OAD
3
 therapy (Dual therapy vs Triple therapy 

X5= Insulin (Users vs non-Users) 

X6=Age 

X7=Total number of non-study medications at index 

X8= Use of Fixed dose combination therapy (Users vs non-Users) 

X9=Gender 

X10=PDPN
2
 medication type (Pregabalin vs TCAs

4
) 

X11=PDPN
2
 medication type (Duloxetine vs TCAs

4
) 

X12=PDPN
2
 medication type (Gabapentin vs TCAs

4
) 

 

 

1Medication possession ratio 
2Painful diabetic peripheral neuropathy 
3Oral antidiabetic medications  
4Tricyclic antidepressants 
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Figure 2.5 Formula for Calculating Sample Size for Logistic Regression 

                           

P = Incidence of the disease in the unexposed population 

R= Minimum relative risk to be detected 

α = Type I error 

β = Type II error 

K= Ratio of the number of subjects in the unexposed group to the number of subjects in 

the exposed group 

Z1-α and Z1-β are the unit normal deviates corresponding to α and β 

 

Table 2.4 Estimates of Sample Size for Cohort Studies 
a
 

Ratio of unexposed 

subjects to exposed 

subjects 

1:1 2:1 1:1 2:1 1:1 2:1 

Relative Risks 1.25 1.25 1.5 1.5 2.0 2.0 

Incidence 25% 25% 25% 25% 25% 25% 

Total sample size  812 1,809 215 477 58 129 
a α = 0.05 (two tailed), β= 0.20 (power = 80%) 

Source: Strom BL. Pharmacoepidemiology. Fourth ed. Philadelphia: John Wiley & Sons, Ltd; 2005. 

 

A summary of the sample sizes required for each of the statistical analytical tests 

conducted is presented below in Table 2.5. Based on these values, a total sample size of 

1,809 subjects would be needed to address all the study objectives. 
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Table 2.5 Summary of Sample Sizes for the Statistical Analytical Tests 

Statistical Analytical 

Tests 

      ANOVA Multiple 

Regression 

Logistic 

Regression 

Required Sample Size   159 216 114 1,809 
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CHAPTER THREE: RESULTS 

The results of the study examining the relationship between diabetic peripheral 

neuropathy patients’ adherence to neuropathic pain medications and their adherence to 

oral antidiabetic medications using Texas Medicaid pharmacy claims database are 

presented in this chapter. First, the results of patients’ selection based on the inclusion 

criteria will be shown. This will be followed by information on patients’ demographic 

profile and other study covariates. Finally, the study objectives and the results of the 

associated statistical analyses will be presented. 

3.1 EXTRACTION OF ELIGIBLE PATIENTS IN THIS STUDY 

A total of 218,837 patients were identified as taking painful diabetic peripheral 

neuropathy (PDPN) medications. After the inclusion criteria were employed, the final 

sample size was 4,277 patients.  Table 3.1 shows the study’s inclusion criteria with the 

corresponding sample sizes after implementation of each criterion.  
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Table 3.1 Summary of Subjects meeting Inclusion/Exclusion Criteria 

 Number 

Deleted 

Number 

Remaining 

Number of patients receiving PDPN
1
 medications at 

index date
2 

 218,837 

Number of patients receiving PDPN
1
 medications and are 

enrolled continuously at least six months before and 

twelve months after the index date
2 

[71,721] 147,116 

Number of patients with at least two PDPN
1
 medication 

claims during 1-year post index period 

[62,127] 84,989 

Number of patients between 30 and 64 years at index 

date
2 

[32,729] 52,260 

Number of patients on the same OAD
3
 medication with 

at least 2 claims each for the OAD
3
 medication in the 

pre-index and post-index periods 

[47,744] 4,516 

Number of patients on no more than 3 different OAD
3
 

medications in both the pre and post-index periods 

[239] 4,277 

Total number of patients meeting inclusion criteria  4,277 
1Painful diabetic peripheral neuropathy 
2Index date was a date between December 1, 2003 and October 31, 2008  
3Oral antidiabetic medication 

 

 

3.2 DESCRIPTIVE STATISTICS 

 In this section, descriptive statistics of the study covariates which may confound 

the relationship between patient adherence and type of therapy will be presented and 

discussed separately. The covariates were classified into demographic factors (i.e., age 

and gender) and clinical factors (i.e., PDPN medication use, pre and post-index oral 

antidiabetic medication therapy, insulin use,  post-index fixed dose combination therapy 

use, and number of non-study medications used at the index date).  
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3.2.1 Demographic Variables 

Subjects’ demographic characteristics are presented in Tables 3.2 and 3.3. 

Subjects were within the ages of 30 and 64 years inclusive. The mean age (±SD) was 

53.2±7.7 years, and the majority of the subjects were 50-59 years (47.6%) and female 

(72.4%). 

 

 Table 3.2 Frequency of Age 

Age groups N % 

30-39 268 6.3 

40-49 957 22.4 

50-59 2,036 47.6 

60-64 1,016 23.8 

Total 4,277 100.1
1 

  1Total does not sum to 100.0 due to rounding 

 

 

Table 3.3 Frequency of Gender 

Gender N % 

Male 1,182 27.6 

Female 3,095 72.4 

Total 4,277 100.0 
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3.2.2 Clinical Factors 

3.2.2.1 Painful Diabetic Peripheral Neuropathy (PDPN) Medication Use 

 Table 3.4, shows the frequency of PDPN medication use among the study 

subjects. Tricyclic antidepressants (i.e., amitryptyline, nortriptyline and desipramine) 

were collapsed for bivariate and multivariate analysis due to sample size. The majority of 

the patients were prescribed gabapentin (43.3%). 

 

Table 3.4 Frequency of PDPN
1
 Medication Use 

Medication Type N % 

TCAs
2 

913 21.4 

  Amitryptyline [791] [86.6]
 

Nortriptyline [108] [11.8]
 

Desipramine   [14]   [1.5]
 

Gabapentin 1,852 43.3 

Pregabalin 860 20.1 

Duloxetine 652 15.2 

Total 4,277 100.0 

1Painful diabetic peripheral neuropathy 
2Tricyclic antidepressants 



 79 

3.2.2.2 Oral Antidiabetic (OAD) and Insulin Medication Use 

Patients’ OAD medication use was analyzed based on type of therapy (i.e., mono, 

dual and triple therapies). The concomitant use of two medications was considered dual 

therapy if both medications had at least two overlap periods of 15 days (or more). 

Likewise, the concomitant use of three medications was considered triple therapy if there 

was at least two overlap periods of 15 days or more among the three medications. 

Frequency of OAD medication use in both the pre and post-index periods are presented in 

Tables 3.5 and 3.6 respectively. The majority of the patients were monotherapy users in 

both the pre (60.5%) and the post (51.2%) index periods. Comparing the pre- and post- 

index periods, the number of monotherapy users decreased in the post-index period by 

15.4 percent. However, dual and triple therapy users increased by 7.2 percent and 94.6 

percent respectively in the post-index period.  Table 3.7 shows that over 60 percent 

(62.8%) of patients did not use insulin. 

Table 3.5 Frequency of OAD
1
 Medication Use in the Pre-index Period 

Types of OAD
1
 Therapies N % 

Mono 2,589 60.5 

Dual 1,372 32.1 

Triple 316 7.4 

Total 4,277 100.0 

1Oral antidiabetic medication 
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Table 3.6 Frequency of OAD
1
 Medication Use in the Post-index Period 

Types of OAD
1
 Therapies N % 

Mono 2,190 51.2 

Dual 1,472 34.4 

Triple 615 14.4 

Total 4,277 100.0 

1Oral antidiabetic medication 

 

 

 

Table 3.7 Frequency of Insulin Use 

Insulin Use N % 

Yes 1,590 37.2 

No 2,687 62.8 

Total 4,277 100.0 

 

3.2.2.3 Fixed Dose Combination Therapy (FDCT) Use 

The majority of the patients (74.2%) were not on a fixed dose combination 

therapy (see Table 3.8). 

Table 3.8 Frequency of FDCT
1
 Use 

FDCT
1
 Use N % 

Yes
 

1,105 25.8 

No 3,172 74.2 

Total 4,277 100.0 

1Fixed dose combination therapy 
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3.2.2.4 Non-study Medication  

Table 3.9 shows the frequency of total number of medications taken at index date 

excluding the study medications. At index date, the majority (43%) of the patients were 

not on any other medication apart from the study medications. The mean number (±SD) 

of non-study medications taken at index was 1.3 (±2.0). 

 

Table 3.9 Frequency of Non-study Medication Use
1 

Non-study medication use
1 

N % 

0 1,837 43.0 

1 1,171 27.4 

2 590 13.8 

3 or more 679 15.9 

Total 4,277 100.1
2 

1Total number of non-study medications taken at index date 
2Total does not sum to 100.0 due to rounding 
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3.3 OBJECTIVES 

This study had six objectives and twenty-one hypotheses. Objectives 1 and 2 were 

to provide a descriptive analysis of the painful diabetic peripheral neuropathy (PDPN) 

and oral antidiabetic medication use among the study subjects. Objectives 1 and 2 were 

addressed using descriptive statistics and the results appeared in Tables 3.4, 3.5 and 3.6. 

3.3.1 Objective 3 Analysis 

Objective 3 was to determine if painful diabetic peripheral neuropathy (PDPN) 

medication adherence differs among the individual PDPN agents namely tricyclic 

antidepressants (i.e., amitryptyline, nortriptyline and desipramine), gabapentin, 

pregabalin and duloxetine. In addressing Objective 3, medication possession ratio (MPR) 

was calculated for the index medications (Note: we did not account for switches in 

medications or combination therapies). Table 3.10 provides descriptive statistics (i.e., 

mean, standard deviation and 95% confidence interval) of MPR for the PDPN 

medications as a group and individually. The mean MPR (±SD) for PDPN medications 

combined was 75.4 percent (±23.9). Regarding individual PDPN medications; mean 

MPR (±SD) was highest for duloxetine (85.6% ±18.2) and was lowest for pregabalin 

(69.4% ±24.9).  

A one-way ANOVA (see Table 3.10) comparing mean MPR of the individual 

PDPN medications revealed a statistically significant difference (df =3; F=61.84; 

p<0.0001) in mean MPR among the individual medications. The mean MPR (±SD) for 

duloxetine (85.6% ±18.2) was significantly higher than that of pregabalin (69.4% ±24.9), 
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gabapentin (74.3% ±24.2) and tricyclic antidepressants (76.0% ±23.5). The mean MPR 

for gabapentin did not differ significantly from that of TCAs and both (gabapentin and 

TCAs) were significantly higher than that of pregabalin. When a cut-off value of 80 

percent was employed, a chi-square analysis showed a statistical significant relationship 

between PDPN MPR and PDPN medication type (X
2
=147.7, df =3, p<0.0001) (see Table 

3.11). Over 50 percent (52.4%) of subjects were adherent (i.e., MPR≥80%) to PDPN 

medications as a group. Regarding individual PDPN medications, duloxetine had the 

highest frequency of subjects (72.1%) that were adherent (i.e., MPR≥80%), while 

pregabalin users had the lowest (41.6%).  

Table 3.10   ANOVA Comparison of Mean MPR
1
 among Individual PDPN

2
 

Medications 

Medication Type N Mean
5
 
 

SD 
 

95% CI 

 

TCAs
3
 913 76.0

b 
23.5 74.5-77.5 

 

Gabapentin 1,852 74.3
b 

24.2 73.2-75.4 

Pregabalin 860 69.4
c 

24.9 67.7-71.1 

 

Duloxetine 652 85.6
a 

18.2 84.2-87.0 

Total
4
   4,277 75.4 23.9 74.7-76.1 

1Medication possession ratio  
2Painful diabetic peripheral neuropathy 
3Tricyclic antidepressants 
4All PDPN medication users combined 

df=3; F=61.84; p<0.0001 
5Duncan’s post-hoc analysis: Like letters (a-c) indicate no significant differences 
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Table 3.11   Chi-Square Analysis of PDPN
1
 MPR

2
 by Medication Type 

PDPN
1
 

MPR
2 

TCAs
3 

N (%) 

Gabapentin 

N (%) 

Pregabalin 

N (%) 

Duloxetine 

N (%) 

Total 

N (%) 

<80% 419 (45.9) 931 (50.3) 502 (58.4) 182 (27.9) 2,034 (47.6) 

≥80% 494 (54.1) 921 (49.7) 358 (41.6) 470 (72.1) 2,243 (52.4) 

Total 913 (100.0) 1,852 (100.0) 860 (100.0) 652 (100.0) 4,277 (100.0) 

1Painful diabetic peripheral neuropathy 
2Medication possession ratio 
3Tricyclic antidepressants 

X2=147.7, df =3, p<0.0001 

 

3.3.2 Objective 4 Analysis 

Objective 4 was to determine if pre-index oral antidiabetic medication (OAD) 

adherence differs among mono, dual and triple therapy users. In addressing Objective 4, 

medication possession ratio (MPR) was calculated for the oral antidiabetic (OAD) 

medications in the pre-index period. Table 3.12 provides descriptive statistics (i.e., mean, 

standard deviation and 95% confidence interval) of MPR for oral antidiabetic 

medications as a whole and individually (mono, dual and triple therapies). Mean MPR 

(±SD) for OAD medications as a whole in the pre-index period was 73.0 percent (±24.3). 

Regarding the individual OAD medication therapies, mean MPR (±SD) was highest for 

monotherapy users (75.4% ±24.7) and was lowest for triple therapy users (63.9% ±22.9) 

in the pre-index period.  
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A one-way ANOVA (see Table 3.12) comparing mean MPR of the individual 

OAD medication therapies revealed a statistically significant difference (df=2; F=42.61; 

p<0.0001) in mean MPR among the medication therapies. The mean MPR (±SD) for 

monotherapy users (75.4% ±24.7) was statistically significantly higher than that of dual 

(70.5% ±23.2) and triple therapy (63.9% ±28.8) users. The mean MPR for dual therapy 

users was also statistically significantly higher compared to that of triple therapy users. 

When a cut-off value of 80 percent was employed, a chi-square analysis showed a 

statistical significant relationship between OAD MPR and OAD medication therapy 

(X
2
=145.9, df =2, p<0.0001) (see Table 3.13). Approximately 47 percent (47.1%) of 

subjects were adherent (i.e., MPR≥80%) to OAD medications as a whole in the pre-index 

period. Regarding individual OAD medication therapies, monotherapy users had the 

highest frequency of subjects (54.4%) that were adherent (MPR≥80%) and the lowest 

frequency (28.8%) of adherers was found in the triple therapy users group.  
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Table 3.12   ANOVA Comparison of Mean MPR
1
 among Pre-index OAD

2
 

Medication Therapy 

Medication 

Therapy 

N Mean
4 

SD 95% CI 

Mono 2,589 75.4
a 

24.7 74.4-76.3 

Dual 1,372 70.5
b 

23.2 69.3-71.7 

Triple 316 63.9
c 

22.9 61.3-66.5 

Total
3 

4,277 73.0 24.3 72.3-73.7 

1Medication possession ratio 
2Oral antidiabetic medication 
3All OAD medication users in the pre-index period combined 

df =2; F=42.61; p<0.0001 
4Duncan’s post-hoc analysis: Like letters (a-c) indicate no significant differences 

 

Table 3.13   Chi-Square Analysis of OAD
1
 MPR

2
 by OAD

1
 Medication Therapy in 

the Pre-Index Period 

OAD
1
 MPR

2 
Mono 

N (%) 

Dual  

N (%) 

Triple 

N (%) 

Total 

N (%) 

<80% 1,182 (45.7) 855 (62.3) 225 (71.2) 2,262 (52.9) 

≥80% 1,407 (54.4) 517 (37.7) 91 (28.8) 2,015 (47.1) 

Total 2,589 (60.5) 1,372 (32.1) 316 (7.4) 4,277 (100.0) 

1Oral antidiabetic medication 
2Medication possession ratio (MPR) was used as a proxy measure of adherence 

X2=145.9, df =2, p<0.0001 

 

 

 



 87 

3.3.3 Objective 5 Analysis 

Objective 5 was to determine if post-index OAD adherence differs among mono, 

dual and triple therapy users. In addressing Objective 5, medication possession ratio 

(MPR) was calculated for the oral antidiabetic (OAD) medications in the post-index 

period. Table 3.14 provides descriptive statistics (i.e., mean, standard deviation and 95% 

confidence interval) of MPR for the oral antidiabetic medications as a whole and 

individually (mono, dual and triple therapies) in the post-index period. Mean MPR (±SD) 

for the OAD medications as a whole in the post-index period was 64.5 percent (±25.6). 

Regarding the individual OAD medication therapies, mean MPR (±SD) was highest for 

monotherapy users (69.0% ±26.1) and was lowest for triple therapy users (52.9% ±21.8) 

in the post-index period.  

A one-way ANOVA (see Table 3.14) comparing mean MPR of the individual 

OAD medication therapies in the post-index period revealed a statistically significant 

difference (df =2; F=106.36; p<0.0001) in mean MPR among the medication therapies. 

The mean MPR (±SD) for monotherapy users (69.0% ±26.1) was statistically 

significantly higher than that of dual (62.6% ±24.6) and triple therapy (52.9% ±21.8) 

users. The mean MPR for dual therapy users was also statistically significantly higher 

compared to that of triple therapy users. When a cut-off value of 80 percent was 

employed, a chi-square analysis showed a statistical significant relationship between 

OAD MPR and OAD medication therapy (X
2
=221.9, df =2, p<0.0001) (see Table 3.15). 

Approximately 34 percent (33.8%) of subjects were adherent (i.e., MPR≥80%) to OAD 
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medications as a whole in the post-index period. Regarding individual OAD medication 

therapies, monotherapy users had the highest frequency of subjects (43.0%) that were 

adherent (i.e., MPR≥80%) and the lowest frequency of adherers (12.5%) was found in the 

triple therapy users group.  
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Table 3.14   ANOVA Comparison of Mean MPR
1
 among Post-index OAD

2
 

Medication Therapy 

Medication 

Therapy 

N Mean
4 

SD 95% CI 

Mono 2,190 69.0
a 

26.1 68.0-70.2 

Dual 1,472 62.6
b 

24.6 61.4-63.9 

Triple                615        52.9
c 

21.8 51.2-54.7 

Total
3 

4,277 64.5 25.6 63.8-65.3 

1Medication possession ratio 
2Oral antidiabetic medication 
3All OAD medication users in the post-index period combined 

df=2; F=106.36; p<0.0001 
4Duncan’s post-hoc analysis: Like letters (a-c) indicate no significant differences 

 

 

 

Table 3.15   Chi-Square Analysis of OAD
1
 MPR

2
 by OAD

1
 Medication Therapy in 

the Post-Index Period 

OAD
1
 MPR

2 
Mono 

N (%) 

Dual  

N (%) 

Triple  

N (%) 

Total 

N (%) 

<80% 1,249 (57.0) 1,045 (71.0) 538 (87.5) 2,832 (66.2) 

≥80% 941 (43.0) 427 (29.0) 77 (12.5) 1,445 (33.8) 

Total 2,190 (51.2) 1,472 (34.4) 615 (14.4) 4,277 (100.0) 

1Oral antidiabetic medication 
2Medication possession ratio was used as proxy measure of adherence 

X2=221.9, df =2, p<0.0001 
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3.3.4 Objective 6 Analysis (Multivariate Analysis) 

3.3.4.1 Objective 6 Analysis (Multiple Regression) 

Objective 6 was to determine if painful diabetic peripheral neuropathy (PDPN) 

medication adherence was related to post-index OAD medication adherence while 

controlling for the covariates. In addressing Objective 6, multiple regression (MR) 

analysis was employed to determine if adherence to PDPN medications is related to post-

index oral antidiabetic (OAD) medication adherence while controlling for pre-index 

OAD medication adherence, PDPN medication type, age, gender, insulin use, total 

number of non-study medications at index, use of a fixed dose combination (FDCT) and 

post-index OAD therapy. MR analysis was also used to identify which of the covariates 

listed above was significantly related to post-index OAD medication adherence while 

controlling for the others.  The dependent variable was post-index OAD medication 

adherence (i.e., MPR) and the independent variable was PDPN medication adherence 

(i.e., MPR). The dependent and independent variables were continuous variables. The 

following covariates were also continuous: pre-index OAD medication adherence (i.e., 

MPR); age; and total number of non-study medications at index. The following 

covariates were categorical variables and were “dummy coded” for the purpose of the 

analysis: PDPN medication type; gender; insulin use; use of a fixed dose combination 

(FDCT); and post-index OAD therapy. The variance inflation factor (VIF) test was also 

performed to detect presence of multicollinearity among the independent variables. None 
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of the variables had a value above 3 (cut-off is a value of 10) indicating there was no 

multicollinearity amongst the variables. 

The overall multiple regression (Table 3.16) was statistically significant (p < 

0.0001); the variables (independent variable and covariates) accounted for 15.3 percent of 

the variance in post-index OAD medication adherence.  PDPN medication adherence was 

statistically significant and positively related to post-index OAD medication adherence 

while controlling for other variables in the model (p<0.0001). As PDPN medication 

adherence increased, adherence to OAD medication in the post-index period increased 

significantly.  

Regarding the covariates: pre-index OAD adherence (p<0.0001); age (p<0.0001); 

and total number of non-study medications at index (p=0.0363) were statistically 

significant and positively related to post-index OAD medication adherence while 

controlling for other variables in the model. As adherence to OAD medication in the pre-

index period, age, and total number of non-study medication increases, adherence to 

OAD medication in the post-index period increased significantly. Comparing post-index 

OAD therapy (i.e., mono, dual and triple therapy users), the results showed that both 

monotherapy users (p<0.0001) and dual therapy users (p<0.0001) were significantly 

more adherent than triple therapy users. Non-insulin users were significantly more 

adherent (p<0.0001) to post-index OAD medication compared to insulin users. Non-users 

of fixed dose combination therapy (FDCT) were significantly more adherent (p=0.0005) 

compared to FDCT users. Comparison among type of PDPN medication showed that 
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users of duloxetine were significantly (p=0.0134) less adherent to their post-index OAD 

medication compared to TCAs users. Pearson’s r shows a significant positive relationship 

between adherence to post-index OAD medication and adherence to individual PDPN 

medication (r <0.2, p<0.005). Thus, this shows that as adherence to individual PDPN 

medication increases, adherence to post-index OAD medication increases.  
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Table 3.16   Multiple Regression Analysis of Factors Related to Post-index OAD
1
 

Medication Adherence
2 

 B β T p-value 

PDPN
3
 medication 

adherence
2
* 

0.0861 0.0803 5.53 <0.0001 

Pre-index OAD
1
 medication 

adherence
2
* 

0.2952 0.2800 19.57 <0.0001 

Age* 0.2395 0.0721 5.07 <0.0001 

Total non-study medications 

use at index date* 

0.3791 0.0297 2.09 0.0363 

Post-index OAD
1
 therapy† 

   Monotherapy users* 14.7478 0.2878 13.58 <0.0001 

   Dual therapy users* 9.3309 0.1731 8.21 <0.0001 

 

Non-Insulin Users*† 3.6525 0.0689 4.88 <0.0001 

Non-FDCT
4
 Users*† 2.8977 0.0495 3.47 0.0005 

Male† 0.4632 0.0081 0.57 0.5669 

PDPN
3
 medication type† 

   Gabapentin -0.7861 -0.0152 -0.82 0.4109 

   Pregabalin -0.9235 -0.0145 -0.82 0.4124 

   Duloxetine* -3.0240 -0.0424 -2.47 0.0134 

 1Oral antidiabetic medication 
 2Medication possession ratio (MPR) was used as a proxy measure of adherence 
 3Painful diabetic peripheral neuropathy 
 4Fixed dose combination therapy 

 F=65.28; Adjusted R2 =0.1528; p<0.0001 

 †Reference categories: Triple therapy users, Insulin users, FDCT users, Female, Tricyclic antidepressants agents  

 *Significance at p<0.05 
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3.3.4.2 Objective 6 Analysis (Logistic Regression) 

For the logistic regression, the dependent variable (post-index OAD medication 

adherence) and the independent variable (PDPN medication adherence) were 

dichotomized. Subjects with an adherence (i.e., MPR) of less than 80 percent (i.e., MPR 

<80%) were assigned a value of 0 while a value of 1 was assigned to those with 

adherence (i.e., MPR) greater than or equal to 80 percent (i.e., MPR ≥80%). The same 

covariates used in the multiple regression were also used in the logistic regression. The 

overall result of the logistic regression model, which controlled for pre-index OAD 

medication adherence, PDPN medication type, age, gender, insulin use, total number of 

medications, use of a fixed dose combination (FDCT) as part of OAD therapy and post-

index OAD therapy, was statistically significant (X
2
=508.39, p<0.0001). The results 

(Table 3.17) for the logistic regression showed that subjects who were not adherent (MPR 

<80%) to their PDPN medications were significantly less likely to be adherent 

(p<0.0001) to their post-index OAD medications compared to subjects who were 

adherent (≥80%). Non-adherers to PDPN medications were 37.4 percent less likely to 

adhere to their post-index OAD medications when compared to PDPN adherers [Odds 

Ratio (OR) =0.626, [95% CI= 0.545-0.719], p<0.0001)].  

Regarding the covariates, compared to subjects who were adherent, subjects who 

were not adherent (MPR<80%) to their OAD medications in the pre-index period were 

significantly less likely to be adherent (p<0.0001) to their OAD medications in the post-

index period. Non-adherers to OAD medications in the pre-index period were 57.2 
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percent less likely to adhere to their post-index OAD medications when compared to 

adherers (OR =0.428, [95% CI= 0.375-0.491], p<0.0001). Comparing post-index OAD 

therapy (i.e., mono, dual and triple therapy users) showed that both monotherapy users 

(p<0.0001) and dual therapy users (p=0.0032) were significantly more likely to be 

adherent than triple therapy users. Monotherapy users in the post-index period were 5.2 

times more likely to be adherent to their OAD medications in the post-index period 

compared to triple therapy users (OR = 5.201, [95% CI= 4.010-6.746], p<0.0001). Dual 

therapy users in the post-index period were 3.0 times more likely to be adherent to their 

OAD medications in the post-index period compared to triple therapy users (OR= 2.964, 

[95% CI=2.262-3.884], p=0.0032). Non insulin users were significantly more likely to be 

adherent (p=0.0132) to their post-index OAD medications compared to insulin users. Non 

insulin users were 19.4 percent more likely to adhere to their OAD medications in the 

post-index period compared to insulin users (OR=1.194, [95% CI=1.038-1.374], 

p=0.0132). Age was significantly more likely to be related to being adherent to post-

index OAD medications (p<0.0001). For every year increase in age, subjects were 1.8 

percent more likely to adhere to OAD medications in the post-index period (OR= 1.018, 

[95% CI=1.009-1.027], p<0.0001). Total non-study medication use at index date was 

significantly more likely to be related to being adherent to post-index OAD medications 

(p=0.0385). For every one unit increase in total non-study medications, subjects were 

3.6% more likely to adhere to OAD medications in the post-index period (OR= 1.036, 

[95% CI=1.002-1.071], p=0.0385). Non fixed dose combination therapy (FDCT) users 
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were significantly more likely to be adherent (p=0.0006) to their post-index OAD 

medications compared to FDCT users. Non FDCT users were 32.6% more likely to 

adhere to their OAD medications in the post-index period compared to FDCT users 

(OR=1.326, [95% CI=1.128-1.560], p=0.0006). Gender was not significantly (p=0.2831) 

related to post-index OAD adherence. Post-index OAD adherence did not differ 

significantly (p>0.05) when pregabalin, duloxetine and gabapentin users were 

individually compared to tricyclic antidepressants users. The results of all hypothesis 

tested in this study are summarized in Table 3.18.  
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Table 3.17   Logistic Regression Analysis of Factors Related to Post-index OAD
1
 

Medication adherence
2
 (80% cut-off) 

 Odds 

Ratio 

95% CI Wald X
2
 

Value 

p-value 

Non-adherers to PDPN
3
 

medication*†
 

 (MPR
2 

< 80%) 

0.626 0.545-0.719 43.8912 <0.0001 

Non-adheres to pre-index 

OAD medication*†  

(MPR
2 

< 80%) 

0.428 0.374-0.491 149.3851 <0.0001 

Post-index OAD
1
 therapy† 

   Monotherapy users* 5.201 4.010-6.746 179.1042 <0.0001 

   Dual therapy users* 2.964 2.262-3.884 8.7013 0.0032 

     

Non-Insulin users*† 1.194 1.038-1.374 6.1486 0.0132 

Age* 1.018 1.009-1.027 15.8843 <0.0001 

Total non-study medications
 

use at index date* 

1.036 1.002-1.071 4.2825 0.0385 

Non-FDCT
4
 users*† 1.326 1.128-1.560 11.6279 0.0006 

Male† 0.921 0.791-1.071 1.1523 0.2831 
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Table 3.17   Logistic Regression Analysis of Factors Related to Post-index OAD
1
 

Medication adherence
2
 (80% cut-off) (Continued) 

 Odds 

Ratio 

95% CI Wald X
2
 

Value 

p-value 

PDPN
3
 medication type† 

   Pregabalin 0.961 0.779-1.186 0.1960 0.6579 

   Gabapentin 0.963 0.806-1.150 0.3457 0.5565 

   Duloxetine 0.820 0.654-1.030 3.0647 0.0800 

1Oral antidiabetic medication 
2 Medication possession ratio (MPR) was used as a proxy measure of adherence 
3Painful diabetic peripheral neuropathy 
4 Fixed dose combination therapy 

Model Chi-Square= 508.39, df=12, p<0.0001 

†Reference categories: Adherers to PDPN medications (MPR ≥80%), Adherers to pre-index OAD medications 

(MPR≥80%), Triple therapy users, Insulin users, FDCT users, Females, Tricyclic antidepressants  

*Significance at p<0.05;  
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Table 3.18 Results of Hypothesis Testing 

Study Objectives and  Hypotheses Statistical Test Result 
I. To describe painful diabetic peripheral 

neuropathy (PDPN) medication use in the Texas 

Medicaid diabetic population. 

Means, SDs, 

Frequencies 

N/A 

II. To describe oral antidiabetic (OAD) 

medication use in the Texas Medicaid 

population. 

Means, SDs, 

Frequencies 

N/A 

III. To determine if PDPN medication adherence 

differs among individual PDPN agents. 

  

H1: There is a significant difference in adherence 

among the PDPN medications. 

Analysis of variance 

(ANOVA) 

 

Not rejected 

IV. To determine if pre-index OAD
2
 medication 

adherence differs among mono, dual, and triple 

OAD
2
 therapies. 

  

H2: There is a significant difference in pre- index 

adherence among mono, dual and triple OAD 

therapies. As the number of therapies increase 

(from mono to dual to triple therapies), there is a 

significant decrease in pre-index OAD 

medication adherence 

Analysis of variance 

(ANOVA) 

 

Not rejected 
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Table 3.18 Results of Hypothesis Testing (Continued) 

Study Objectives and  Hypotheses Statistical Test Result 
V. To determine if post-index OAD medication 

adherence differs among mono, dual and triple 

OAD therapies. 

  

H3: There is a significant difference in post- 

index adherence among mono, dual and triple 

OAD therapies. As the number of therapies 

increase (from mono to dual to triple therapies), 

there is a significant decrease in post-index OAD 

medication adherence. 

 

Analysis of variance 

(ANOVA) 

 

Not rejected 

VI. To determine if PDPN adherence is related to 

post-index OAD medication adherence while 

controlling for pre-index OAD medication 

adherence, PDPN medication type, age, gender, 

insulin use, total number of medications, use of 

fixed dose combination (FDCT) and post-index 

OAD therapy. 

  

H4A: PDPN medication adherence is significantly 

and positively related to post-index OAD 

medication adherence controlling for pre-index 

OAD medication adherence, PDPN medication 

type, age, gender, insulin use, total number of 

medications, use of FDCT and post-index OAD 

therapy. 

Multiple regression 

 

Not rejected 

 

H4ALogistic: Patients who are adherent to their 

PDPN medication are significantly more likely to 

be adherent to their OAD medication adherence, 

controlling for pre-index OAD medication 

adherence, PDPN medication type, age, gender, 

insulin use, total number of medications, use of 

FDCT and post-index OAD therapy. 

Logistic regression 

 

Not rejected 
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Table 3.18 Results of Hypothesis Testing (Continued) 

Study Objectives and  Hypotheses Statistical Test Result 

H4B:  Pre-index OAD medication adherence is 

significantly and positively related to post-index 

adherence controlling for PDPN medication 

adherence, PDPN medication type, age, gender, 

insulin use, total number of medications, use of 

FDCT and post-index OAD therapy. 

Multiple regression 

 

Not rejected 

 

H4BLogistic:  Patients who are adherent to their 

OAD medication in the pre-index period are  

significantly more likely to be adherent to their 

OAD medications in the post-index period 

controlling for PDPN medication adherence, 

PDPN medication type, age, gender, insulin use, 

total number of medications, use of FDCT and 

post-index OAD therapy. 

Logistic regression 

 

 

 

Not rejected 

H4C: PDPN medication type is significantly 

related to post-index OAD medication 

adherence, controlling for PDPN medication 

adherence, pre-index OAD medication 

adherence, age, gender, insulin use, total number 

of medications, use of FDCT and post-index 

OAD therapy. 

 

Multiple regression 

 

Rejected 

 

H4CLogistic: Patients on TCAs are significantly 

more likely to be adherent to their OAD 

medications, compared to other PDPN 

medications, controlling for PDPN medication 

adherence, pre-index OAD medication 

adherence, age, gender, insulin use, total number 

of medications, use of FDCT and post-index 

OAD therapy. 

Logistic regression 

 

Rejected 

 

H4D:  Insulin users are significantly and 

positively related to post-index OAD adherence 

controlling for pre-index OAD adherence, PDPN 

medication adherence, PDPN medication type, 

age, gender, total number of medications, use of 

FDCT and post-index OAD therapy. 

 

Multiple regression 

 

Rejected 
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Table 3.18 Results of Hypothesis Testing (Continued) 

Study Objectives and  Hypotheses Statistical Test Result 

H4DLogistic:  Insulin users are significantly more 

likely to be adherent to their OAD medication 

adherence controlling for pre-index OAD 

adherence, PDPN medication adherence, PDPN 

medication type, age, gender, total number of 

medications, use of FDCT and post-index OAD 

therapy. 

Logistic regression 

 

 

Rejected 

H4E: Age is significantly and positively related to 

post-index OAD adherence controlling for pre-

index OAD adherence, PDPN medication 

adherence, PDPN medication type, gender, 

insulin use, total number of medications, use of a 

FDCT as part of OAD therapy and post-index 

OAD therapy. 

Multiple regression 

 

Not rejected 

 

H4ELogistic: As age increases patients are 

significantly more likely to be adherent to their 

OAD medications controlling for pre-index OAD 

adherence, PDPN medication adherence, PDPN 

medication type, gender, insulin use, total 

number of medications, use of a FDCT as part of 

OAD therapy and post-index OAD therapy. 

Logistic regression 

 

Not rejected 

 

H4F: Total number of medications is significantly 

and negatively related to post-index OAD 

adherence controlling for pre-index OAD 

adherence, PDPN medication adherence, PDPN 

medication type, age, gender, insulin use, use of a 

FDCT as part of OAD therapy and post-index 

OAD therapy. 

Multiple regression 

 

Rejected 

 

H4FLogistic: As the total number of medications 

increases, patients are significantly less likely to 

be adherent to their OAD medications 

controlling for pre-index OAD adherence, PDPN 

medication adherence, PDPN medication type, 

age, gender, insulin use, use of a FDCT as part of 

OAD therapy and post-index OAD therapy. 

Logistic regression Rejected 
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Table 3.18 Results of Hypothesis Testing (Continued) 

Study Objectives and  Hypotheses Statistical Test Result 

H4G: Females are significantly more adherent to 

their OAD medications compared to males 

controlling for pre-index OAD adherence, PDPN 

medication adherence, PDPN medication type, 

age, total number of medications, insulin use, use 

of FDCT and post-index OAD therapy 

Multiple regression 

 

Rejected 

 

H4GLogistic: Females are significantly more likely 

to be adherent to their OAD medications 

controlling for pre-index OAD adherence, PDPN 

medication adherence, PDPN medication type, 

age, total number of medications, insulin use, use 

of  FDCT and post-index OAD therapy. 

Logistic regression 

 

Rejected 

 

H4H: Use of fixed dose combination (FDCT) is 

significantly and positively related to post-index 

OAD adherence controlling for pre-index OAD 

adherence, PDPN medication adherence, PDPN 

medication type, age, total number of 

medications, insulin use and post-index OAD 

therapy. 

 

Multiple regression 

 

Rejected 

 

H4HLogistic: Patients on fixed dose combination 

(FDCT) are significantly more likely to be 

adherent to their OAD medications controlling 

for pre-index OAD adherence, PDPN medication 

adherence, PDPN medication type, age, total 

number of medications, insulin use and post-

index therapy. 

Logistic regression Rejected 
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Table 3.18 Results of Hypothesis Testing (Continued) 

Study Objectives and  Hypotheses Statistical Test Result 

H4I: Post-index therapy is significantly and 

negatively related to post-index OAD adherence 

controlling for pre-index OAD adherence, PDPN 

medication adherence, PDPN medication type, 

age, gender, insulin use, use of FDCT and total 

number of non-study medication at index. 

 

Multiple regression 

 

Not rejected 

 

H4ILogistic: As the number of post-index therapy 

increases (i.e., from mono to dual to triple 

therapies) patients are significantly less likely to 

be adherent to their OAD medications 

controlling for pre-index OAD adherence, PDPN 

medication adherence, PDPN medication type, 

age, gender, insulin use, use of a FDCT as part of 

OAD therapy and total number of medication. 

Logistic regression 

 

 

 

 

 

 

 

 

 

 

 

Not rejected 
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CHAPTER FOUR: DISCUSSION 

4.1 REVIEW OF RESEARCH QUESTIONS 

 Diabetes remains one of the leading causes of death in the U.S., affecting 

approximately 7.8 percent of the U.S. population and accounting for about 20 percent of 

healthcare dollars.
26, 115

 On the average, diabetes costs the patient over $9,000 annually 

and possibly claims 10 to 15 years of the life of the affected individual.
29, 115

 

Pharmacological management of diabetes accompanied with appropriate lifestyle changes 

have been shown to be effective in achieving adequate glycemic control.
32, 41

 However, 

due to the chronic nature of the disease and inability of patients to adequately adhere to 

prescribed therapy, complications associated with diabetes tend to occur.  

Painful diabetic peripheral neuropathy (PDPN) remains one of the primary 

symptoms experienced by patients presenting with diabetic peripheral neuropathy (a 

microvascular complication of diabetes).
3
 PDPN occurs in approximately 50 percent of 

patients with diabetic peripheral neuropathy and it substantially impairs patients’ quality 

of life; interferes with sleep and causes depressive and anxiety disorders.
3-4, 6-7

 

Pharmacological management of PDPN with agents such as tricyclic antidepressants 

(TCAs), anticonvulsants, serotonin-norepinephrine reuptake inhibitors (SNRIs) and 

opioid analgesics have been shown to be effective.
9, 81

 However, only two drugs (i.e., 

Lyrica® (pregabalin) and Cymbalta® (duloxetine)) have been officially approved by 

FDA for the management of neuropathic pain. 



 106 

While the physician might prescribe any of the agents above to relieve patients of 

their PDPN symptoms, the main goal lies in achieving adequate glycemic control in order 

to slow down the progression of the complication.
7, 72

 Studies conducted to assess 

diabetic patients’ adherence to their oral antidiabetic (OAD) medications revealed that 

adherence to OAD medications has been suboptimal.
10

 Studies comparing adherence 

among diabetic patients reported better adherence with the use of one pill per day when 

compared with the daily use of multiple pills.
98, 104

 Patients on monotherapy have also 

been shown to be more adherent with their regimen compared to those on polytherapy. 

105, 116
 Simpler dosage regimens have been related to better adherence rates and a switch 

to a fixed-dose combination therapy has also been associated with improvement in 

adherence. 
100, 104-106

 

Little has been reported in the literature regarding diabetic patients’ adherence to 

neuropathic pain medications (i.e., TCAs, gabapentin, pregabalin and duloxetine). This 

may be as a result of the use of these medications in other indications (e.g., depression, 

anxiety, and epilepsy) in which adherence to those drugs have been studied.
14-15

 

However, in all of the above indications, adherence to medications was reported to be 

suboptimal.
14-15

 Two recent retrospective studies which compared adherence across 

varying doses of duloxetine in patients with PDPN showed better medication adherence 

with higher doses (>60mg) of duloxetine.
16, 117

 Pregabalin studies indicated lower 

discontinuation rates with pregabalin compared to placebo. 
17-19
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This study sought to examine adherence to medications used in managing painful diabetic 

peripheral neuropathy (PDPN) and determine their association with oral antidiabetic 

(OAD) medication adherence using the Texas Medicaid prescription claims database.  

4.2 STUDY FINDINGS 

 This section addresses the study objectives and compares study findings with 

those obtained from previous studies in the literature. Theoretical and practical 

implications as well as the limitations of the study will also be discussed. Finally, areas 

for future research will be presented. 

4.2.1 Objective 1 

 Objective 1 was to provide a description of PDPN medication use among the 

study subjects. The majority of the patients in the study population were prescribed 

gabapentin (43.3%) and tricyclic antidepressants (21.4%). Although, these drugs have not 

been officially approved by the FDA for the management of painful diabetic peripheral 

neuropathy, their use in the management of this disease state has been shown to be 

effective; thus further supporting their off-label use.
82, 85

  While pregabalin (Lyrica®) and 

duloxetine (Cymbalta®) remained the only FDA approved medications for the 

management of painful diabetic peripheral neuropathy, this study recorded a low 

proportion of patients placed on these drugs (i.e., 20.1% on pregabalin and 15.2% on 

duloxetine).  These results could be explained by the following reasons: 1) high cost of 

brand medications in the absence of available generic alternatives (i.e., TCAs and 

gabapentin) which have comparable efficacy; 2) pregabalin and duloxetine being 
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relatively new on the market; 3) physicians’ prescribing patterns which tend not to 

change provided that desired outcomes are obtained; and 4) perceived marginal benefit of 

pregabalin over gabapentin due to similarity in the mode of action and characteristics. 

4.2.2 Objective 2 

Objective 2 was to provide a description of OAD medication use among the study 

subjects. Monotherapy users dominated the patient population with greater than 50 

percent of patients on monotherapy in both the pre and post index periods. There was a 

15.4 percent decrease in monotherapy users in the post-index period. A change in therapy 

is an indication of inadequate glycemic control in the affected patients on OAD 

monotherapy. Type 2 diabetic patients are generally managed in a stepwise manner with 

patients starting on lifestyle modifications and OAD monotherapy. Subsequently, other 

OAD medications are added if desired glycemic control is not achieved.
118

 Oral 

monotherapy has been reported to be initially successful in newly diagnosed patients but 

over time it is associated with a high failure rate.
118

 

Dual and triple therapy users experienced an increase (7.2% and 94.6% 

respectively) in the post-index period. The increase in the proportion of dual and triple 

therapy users in the post-index period is an indication of an increase in the severity of the 

disease among the study population. This increase in the severity of the disease is further 

confirmed by the presence of PDPN medications in the patients’ drug profiles, which 

among other things could be suggestive of the presence of microvascular complications.  
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4.2.3 Objective 3 

 Objective 3 was to determine if PDPN medication adherence differs among 

individual PDPN agents (i.e., TCAs, gabapentin, pregabalin and duloxetine). Overall 

mean adherence (i.e., mean MPR) and adherence rate (i.e., proportion of patients with 

MPR≥80%) for PDPN medications in the study population was 75.4 and 52.4 percent 

respectively. Although these overall values were suboptimal, PDPN medication 

adherence (i.e., mean MPR) differed significantly among individual PDPN medications 

(p<0.0001). Patients on duloxetine were more adherent (i.e., higher mean MPR) 

compared to those on other PDPN medications. Differences in side-effect profiles may be 

a contributory factor. Side-effects experienced by patients on duloxetine include dry 

mouth, somnolence, fatigue, constipation, nausea and insomnia.
119

 TCAs are often 

associated with anti-cholinergic side-effects (e.g., dizziness, dry mouth and constipation), 

orthostatic hypotension, weight gain, sedation and urinary retention.
119

 Gabapentin use is 

commonly associated with dizziness, somnolence and peripheral edema. Commonly 

reported adverse effects of pregabalin include dizziness, somnolence, dry mouth, edema, 

blurred vision and weight gain.
119

 The study’s mean MPR for gabapentin (74.3%) was 

similar to the mean MPR value (70%) obtained for gabapentin by Davis et al. among a 

sample of epileptic patients.
14

 However, the study’s mean MPR for duloxetine (85.6%) 

was higher than the mean MPR values (35-65%) reported by Chen et al. across varying 

doses of duloxetine in patients with PDPN.
16
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The difference in mean MPR values may be a function of how the MPRs were computed. 

Chen et al. calculated MPR by dividing the total days supply for all fills by the number of 

days in the study period (i.e., 365 days).
16

  The present study’s computation of MPR was 

similar to that of Davis et al.
14

 MPR was computed by dividing the sum of total days 

supply for all fills by the number of days between the first and last fills plus days supply 

of the last fill.   

4.2.4 Objectives 4 and 5 

 Objectives 4 and 5 were to determine if pre and post-index OAD medication 

adherence differs among mono, dual, and triple therapies. Mean adherence (i.e., mean 

MPR) for all therapies combined in both pre- (73%) and post-index periods (64.5%) was 

within the range described in the literature. A systematic review by Cramer reported 

mean adherence (i.e., proportion of doses taken as prescribed) ranging from 36 to 93 

percent.
10

  In both the pre- and post-index periods, mean adherence (i.e., mean MPR) to 

individual OAD medication therapies (i.e., mono, dual and triple) differed significantly. 

In the pre-index period, monotherapy users were more adherent (75.4%) compared to 

dual (70.5%) and triple (63.9%) therapy users. Similarly, in the post-index period, 

monotherapy users were more adherent (69%) compared to dual (62.6%) and triple 

(52.9%) therapy users. This was expected due to the lower pill burden. Although there 

were variations in the absolute values of mean adherence (i.e., mean MPR) obtained 

across different OAD studies (due to differences in study setting and methodology), the 

present study’s results were consistent with findings in the literature.
116, 120

 Vanderpoel et 
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al. reported a higher mean MPR for monotherapy users compared to dual therapy users in 

both the pre- (90% vs 84%) and post-index periods (89% vs 83%).
120

 Cheong et al. in a 

study involving Medicaid beneficiaries found monotherapy users to be more adherent 

(i.e., higher mean MPR) compared to dual therapy users (81.5% vs 76.7%).
116

 

  Mean MPR for each therapy (i.e., mono, dual and triple therapies) was higher in 

the pre-index period compared to the post-index period. Similarly, the proportion of 

patients who were adherent (i.e., patients with MPR≥80%) in each therapy group was 

higher in the pre-index period compared to the post-index period. This was consistent 

with findings in the literature which reported decrease in medication adherence as disease 

duration increases.
105, 120

 However, patients were expected to be more adherent in the 

post-index period compared to the pre-index period. The addition of a PDPN medication 

in the post-index period was a possible indication that a microvascular complication (i.e., 

diabetic peripheral neuropathy) might have occurred, which theoretically should prompt a 

healthcare provider to stress OAD medication adherence. Having a microvascular 

complication indicated that glycemic control was not achieved in the pre-index period, 

and among other factors, inadequate adherence to diabetic medications might be a 

contributory factor. In the post-index period, PDPN medication adherence (i.e., mean 

MPR) was higher than OAD medication adherence (i.e., mean MPR). This indicates that 

diabetic patients are either not properly educated regarding the relationship between 

adherence to diabetic medications and progression of complications (e.g., neuropathy) or 

they may not be proactive regarding their health. Patients need to be educated that the 
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PDPN medications will only relieve the pain of neuropathy, but only tight glycemic 

control (via medication adherence and lifestyle modifications) will slow the progression 

of the neuropathy, which is responsible for the pain. Furthermore, better adherence to 

PDPN medication could also be attributed to the highly unpleasant symptomatic nature of 

the PDPN compared to the diabetes being a “silent” disease.
3-4, 73

   

4.2.5 Objective 6 

 Objective 6 was to determine if PDPN medication adherence is related to post-

index OAD medication adherence while controlling for covariates. In both multivariate 

analyses (i.e., multiple and logistic regression) the following factors were found to be 

consistently related to better post-index OAD adherence (i.e., MPR≥80 percent); higher 

PDPN medication adherence (i.e., MPR≥80 percent), higher pre-index OAD adherence 

(i.e., MPR≥80 percent), older age, higher number of non-study medications, non-insulin 

users, non-FDCT users, and simpler OAD therapy.  

Based on the logistic regression, PDPN medication type was not associated with 

better post-index OAD adherence, indicating that the type of PDPN medication chosen 

has no impact (either positive or negative) on patients’ adherence to their OAD 

medications. However, results from the multiple regression indicated that patients on 

TCAs were more adherent to post-index OAD medications compared to those on 

duloxetine. This is inconsistent with results from the logistic regression and other 

analyses in the study in which adherence to individual PDPN medication was positively 
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related to post-index OAD adherence and patients were more adherent to duloxetine 

compared to TCAs.  

As expected, higher PDPN medication adherence and higher pre-index OAD 

adherence were associated with better post-index OAD adherence. While the literature 

has limited information regarding the relationship between PDPN adherence and OAD 

adherence, a previous study comparing patients’ OAD adherence in the pre and post-

index periods reported similar results.
116

 The association of better adherence with older 

age was consistent with findings from other studies involving Medicaid population.
99-100, 

116
 However, others reported better adherence with younger ages.

98, 104
  It was also 

surprising to observe that increasing the pill burden was related with better post-index 

OAD adherence. As discussed earlier, the literature has conflicting information on the 

relationship between pill burden and adherence. Some studies in the literature associated 

better adherence with a decrease in pill burden while others reported the contrary.
98, 104-

106, 116
 However, Grant et al. reported a non-significant relationship between increasing 

pill burden and patients’ medication adherence.
13

   

The present study associated non-insulin users with better post-OAD medication 

adherence. However, other adherence studies reported a non-significant relationship 

between insulin use and OAD adherence.
104, 116, 120

 Another interesting observation was 

the association between non-FDCT (fixed dose combination therapy) users and better 

post-index OAD adherence. The present study simply compared non-FDCT users to 

FDCT users (in the post-index period) regardless of the type of OAD therapy. FDCT use 
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was introduced as a covariate to capture the increase in medications used, but maintaining 

the same pill burden. Based on the literature, FDCT use is positively related to OAD 

adherence. 
104, 120-121

 In addition, simpler OAD therapy was associated with better post-

index OAD adherence.  

4.3 STUDY LIMITATIONS 

 Several factors have been identified to limit the validity of the study findings. The 

study used MPR as a proxy measure of adherence, but in reality patients might actually 

not take the drugs at all or not use the medications as recommended by their physicians. 

Furthermore, the validity of dual and triple therapy MPR needs to be evaluated in future 

research. Similar to a number of adherence studies, this study estimated adherence based 

on the sum of days’ supply of all prescriptions given during the study period.
104, 116, 120-121

 

While this approach seems logical, there is the possibility that patients classified as dual 

and triple therapy users were on dual or triple therapy only during the period when the 

medications overlapped but were on monotherapy for the remaining part of the study 

period. This might have underestimated their adherence measures relative to those of 

monotherapy users. However, the use of at least two overlapping periods to define dual 

and triple therapies lends support to the validity and as such mitigates this as a limitation. 

Due to the limitations associated with the use of a retrospective database (i.e., 

claims data), a number of factors that have been documented to be related to medication 

adherence (e.g., socioeconomic status, educational level, health status, physician-patient 

relationship, health care utilization, social and psychosocial factors) were not included in 
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this study. Furthermore, prescription claims were used as proxies for disease states, 

which in the absence of ICD-9 codes, cannot be validated. While the continuous use of 

OAD medications more likely indicates the presence of type 2 diabetes (except for cases 

of treatment of pre-diabetes with metformin as monotherapy)
122

, the use of PDPN 

medications does not necessarily indicate the presence of PDPN since these medications 

are also used in managing other disease conditions (i.e., depression, anxiety, epilepsy, 

and fibromyalgia). Based on this, the adherence estimates for the PDPN medications 

could have been overestimated. In addition, the study did not account for switches across 

these neuropathic medications nor did it consider the impact of using more than one 

neuropathic pain medication on OAD adherence. 

Finally, the study utilized Medicaid data and due to the uniqueness of this 

population (especially patients with low socioeconomic status); the study findings cannot 

be generalized to other healthcare systems.  

4.4 CONCLUSIONS AND FUTURE RESEARCH 

 In conclusion, the study found that patients’ adherence to PDPN medications was 

associated with adherence to OAD medications. Patients who were adherent to PDPN 

medications (compared to those who were not adherent) were more adherent to their 

OAD medications. Also, adherence to OAD medications was independent of the type of 

PDPN medication used. PDPN patients on duloxetine were more adherent compared to 

patients on other neuropathic pain medications (i.e., TCAs, pregabalin and gabapentin).  
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 This study examined adherence across different neuropathic pain medications 

used in painful diabetic peripheral neuropathy, however the study did not account for 

switches across these neuropathic medications nor did it consider the impact of using 

more than one neuropathic pain medication on OAD adherence. These could be areas of 

interest for future research. Also, similar studies can be carried out in other populations to 

validate the study findings using ICD-9 codes. 

  In summary, PDPN patients need to be educated regularly that neuropathic pain 

medications only relieve the pain symptoms associated with the neuropathy but achieving 

adequate glycemic control remains the only established approach for slowing down the 

progression of the neuropathy and other complications associated with the diabetes.  
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