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The effect of major antihypertensive medications on blood glucose and new-

onset diabetes was assessed using medical data from the Central Texas Veterans 

Health Care System (CTVHCS).  Veterans were followed for an average of 3.6 years 

(total of 51,549 person-years) between 1995 and 2004.  The average age of the 

participants (N=11,187) was 60.7 (SD: 12.7) years; the majority (78.7%) were =50 

years of age, White (73.8%) males (95.3%).  Commonly used antihypertensive 

therapies appeared to increase veterans’ blood glucose levels significantly more than 

what was observed in the control group; i.e., patients who were not treated with 

medications.  The only exception was beta-blocker therapy, which showed similar 

effect to the control group.  Presence of impaired glucose tolerance, higher BMI, 

“high risk” therapies, and dyslipidemia at baseline significantly increased the risk of 
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developing diabetes.  Non-thiazide ‘diuretics’ were associated with the highest risk 

as indicated by a hazard rate of 1.48 (95% CI: 1.21-1.80).  Statis tically significant, 

protective effect was found with ‘alpha-blocker’ therapy: 23 percent reduced risk to 

develop diabetes  (95% CI:0.63-0.93).  When ‘dual’ and ‘three or more therapies’ 

were included into the model, the effect of ‘alpha-blockers’ became non-significant 

(p=0.196); whereas ‘ACEI’ and ‘CCB’ therapies became significantly associated 

with an increased risk for diabetes (p-values: 0.003 and 0.008, respectively).  The 

corresponding hazard rates were 1.29 (95% CI: 1.09-1.53) and 1.26 (95% CI: 1.06-

1.50), respectively.  The simultaneous use of three or more antihypertensives 

appeared to be protective against the development of new-onset diabetes (hazard 

rate: 0.60; 95% CI: 0.43-0.83; p=0.002). 

This finding conflicts with the majority of previous studies and may have 

been the result of selection bias (also called “channeling”), in which patients with 

higher baseline ris k to develop diabetes were “channeled” towards ACEIs and CCBs 

and away from beta-blockers.  Several animal and small clinical trials showed the 

beneficial effect of ACEIs on carbohydrate metabolism, so our findings might have 

been the result of confounding by uncontrolled risk factors, such as genetic 

predisposition for diabetes, lifestlyle habits, and other unmeasured biological 

differences. 
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Chapter 1  

Introduction 

In the United States, close to 18.2 million adults have diabetes, representing 

6.3 percent of the population. 1  The high prevalence of diabetes was projected to 

further increase to 9 percent by 2025, becoming one of the major chronic disease 

burdens of the U.S. society. 2  The prevalence of diabetes has been increas ing in all 

age groups throughout the years; however, an exponential increase in the 

development of diabetes occurs with increasing age. 3  Accordingly, people aged 60 

and over represent 8.6 million in the above figure; almost 50 percent of the overall 

number of patients with diabetes (18.3% of all people in this age group have 

diabetes). 1   

Two major forms of diabetes have been recognized: type 1 (also called 

insulin-dependent) and type 2 (also called non-insulin-dependent) diabetes. 4  

Additionally, type 2 diabetes is also referred to as adult-onset diabetes, as it typically 

occurs after the age of 40.  Approximately 1.3 million people (aged 20 years or 

older) were diagnosed with diabetes in 2002, mostly (about 90 percent) with type 2 

diabetes.1  Symptoms of type 2 diabetes, such as feeling fatigue, experiencing 

excessive urination, excessive thirst, or unplanned weight loss, are subtle and often 

are not apparent to the patient.  As a result, as many as 5.2 million people (or nearly 

one-third) remain undiagnosed and unaware of their condition. 4  Furthermore, by 
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the time type 2 diabetes is diagnosed, secondary complications, such as eye 

problems (i.e., glaucoma and retinopathy), kidney failure, loss of sensation in hands 

and feet (i.e., neuropathy) and coronary heart disease may have already occurred.   

Diabetes is the leading cause of nontraumatic limb amputation, new cases of 

end stage renal disease, and blindness in adults. 1  Diabetes has also been named as 

the sixth leading cause of death, contributing to cardiac and stroke-related morbidity 

and mortality. 5  Secondary complications contributed significantly to the $132 

billion total expenditure of diabetes that was estimated by the American Diabetes 

Association in 2002. 6   

Diabetes is a heterogeneous metabolic disease in which hyperglycemia is a 

central figure.  Its development has been described by the two-step model.  7  In the 

insulin resistant stage, which precedes hyperglycemia, increased insulin production 

counterbalances the lower rate of carbohydrate utilization at the cells.  This first step 

is manifested by high insulin levels.  The compensatory mechanism of increased 

insulin production cannot be maintained and insulin resistance is followed by an 

increasing degree of insulin-secretory defect, eventually leading to overt diabetes  

(second step). 8  The two-step model (Figure 1) supports that type 2 diabetes stems 

from a combination of inadequate insulin secretion and peripheral insulin resistance.  

Insulin resistance, as well as type 2 diabetes, shows familial and racial/ethnic 

aggregation, which supports an underlying genetic factor in the development of the 
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disease.  Blacks, Hispanics, Asians, Pacific Islanders, and Native Americans are 

reported to be at increased risk for diabetes. 9   

 

Figure 1.  The Two-Step Model of the Etiology of Type 2 Diabetes 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: Hamman RF. Genetic and environmental determinants of non- insulin-dependent diabetes 
mellitus (NIDDM). Diabetes Metab Rev 1992;8(4): 287-338. 

 

Besides age and race/ethnicity, behavioral and metabolic factors have been 

associated with the development of diabetes, including sedentary lifestyle, obesity, 

dyslipidemia and hypertension.  Rewers defined the clustering of these effects as 

metabolic syndrome, or cardiovascular metabolic syndrome, as they are closely 

related to the development of cardiovascular morbidity and mortality. 10  Insulin 

resistance has also been anticipated as a potential mediator in the relationship 
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between hypertension and diabetes. 11  Others have defined hypertension as an 

insulin resistant state, as most patients with high blood pressure had decreased 

insulin sensitivity as well.  12;13  Thus, there is a close association between 

hypertension and the development of type 2 diabetes. 

Several people suffer from the co-existence of type 2 diabetes and essential 

hypertension (the more common form of the disease), creating an enormous burden 

to the society. 14  Although more than twice as many people have hypertension (50 

million) than diabetes (18.2 million) in the United States, there are several similar 

features of these two chronic disease states: 1) more patients affected with increasing 

age, which presents an enormous health burden to the elderly; 2) approximately one-

third of patients are unaware of their condition, 3) vast economic and health 

problems are created, as they both contribute to the development of microvascular 

and macrovascular complications; 4) devastating effects are developed without any 

immediate signs or deterioration in patients’ quality of life; and 5) several common 

risk factors, including obesity, sedentary lifestyle, and dyslipidemia. 

In conclusion, essential hypertension and type 2 diabetes are closely related 

to each other, possibly within the “so-called” metabolic syndrome.  Cross-sectional 

and prospective population studies found that elevated blood pressure may lead to 

two-to-four-fold increased risk for the development of type 2 diabetes. 15-17   

Recently, several pharmacological 18-21 and non-pharmacological 22-26 

interventions have been conducted to evaluate the possibility of preventing or 
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delaying the onset of type 2 diabetes.  Growing interest surrounds the clinical effects 

of the renin-angiotensin system besides their common use for controlling 

hypertension and prevention of cardiovascular diseases.  Clinical studies reported 

beneficial preliminary results regarding the effect of medications that target the 

renin-angiotensin system through Angiotensin Converting Enzyme Inhibitors 

(ACEIs) on patients’ glucose homeostasis  as well as on the development of 

diabetes.27-30  The following mechanisms have been reported as possible biological 

explanations for these findings: 

1. Hypokalemia, which may be favorably affected by ACEIs, substantially 

impairs the insulin secretory response to glucose; 31 

2. ACEIs lower aldosterone secretion and renal potassium wasting, which 

could preserve ß-cell responsiveness to glucose stimulus; 

3. ACEIs may increase islet blood flow and pancreatic ß-cell perfusion, by 

reducing angiotensin-2 mediated vasoconstriction in the pancreas; 32 

4. ACEIs may reduce insulin resistance in skeletal muscles, resulting in 

increased glucose disposal, which consequently decreases the need for 

pancreatic insulin. 33-37  This mechanism is due to increased bradykinin-

mediated nitric oxide production, and not to reduction in angiotensin II 

production or action; 38 and 
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5. ACEIs may also reduce insulin resistance in the liver and fat cells, which 

would reduce hepatic glucose production and lower free fatty acid levels.39;40 

Despite several positive findings supporting the link between ACEIs and 

glucose homeostasis, the current body of knowledge is  limited and inconclusive, 

mainly because with one exception, 41 none of these studies were conducted with the 

primary objective to investigate new-onset diabetes as the outcome.  Given the 

current concern to identify therapies that may decrease the epidemic of diabetes, 

further research is warranted in this area.  Naturally, once observational studies 

provide enough supportive evidence for the possibility of ACEIs to delay or prevent 

diabetes, randomized controlled trials (RCTs) will be necessary to draw conclusive 

evidence. 

Secondary analysis of the Veterans Affairs (VA) database is proposed to 

evaluate the association between antihypertensive agents and the development of 

type 2 diabetes.  The association will be evaluated by attempting to control for 

several demographic  (e.g., age, gender, and race/ethnicity) and clinical (obesity, pre-

diabetic state, dyslipidemia, duration of hypertension, severity of hypertension, 

blood pressure control, adherence to antihypertensive therapy, duration of 

antihypertensive therapy, and high risk medications) risk factors that have been 

associated with the development of diabetes. 
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Chapter 2  

Literature Review 

2.1 Diabetes Background 

Diabetes Mellitus can be described as a group of metabolic dysfunctions, 

characterized by hyperglycemia, resulting from defects in insulin secretion, insulin 

action, or both.  42  Type 2 diabetes, which represents the majority (approximately 

90%) of patients with diabetes, often exists without symptoms and remains 

undiagnosed for several years.  Normal blood glucose levels fluctuate, depending on 

the activities taken and the amount and type of food eaten, in the range of low to mid 

100 mg/dL.  Three methods have been identified by the American Diabetes 

Association to diagnose diabetes: 4 1) blood glucose levels  =126 mg/dL [Note: 

before 1997 the threshold was 140 mg/dL] after eight hours of fasting (no food or 

liquid, other than water); 2) “random” blood glucose levels  =200 mg/dL and patient 

symptoms, such as fatigue, excessive urination, excessive thirst, or unplanned weight 

loss; and 3) Oral Glucose Tolerance Test (OGGT) =200 mg/dL (OGTT consists of a 

two-hour challenge with 75-g oral glucose after previous fasting). 

In type 2 diabetes, insulin secretion and insulin action change with the 

progression of the disease.  In the early stage of “glucose intolerance,” insulin action 

begins to deteriorate.  At the molecular level,  reductions in glucose transport and 
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glucose phosphorylation as well as deterioration in the conversion of glucose to 

glycogen have been documented.  Nevertheless, it remains unclear if any of these 

cellular disturbances represent the primary abnormality in type 2 diabetes. 43   

Glucose intolerance results in increased insulin production, which is a 

compensating mechanism to provide sufficient amount of glucose to the cells .  At 

this early stage, fasting plasma glucose levels are close to normal, between 120-140 

mg/dL. 43  Eventually, this compensatory effort cannot be maintained, insulin 

production starts to decline, fasting plasma glucose levels exceed 180-200 mg/dL, 

and the individual becomes insulinopenic.  Prospective, natural history studies 

supported the sequence of hyperinsulinemia preceding hyperglycemia, in the 

majority of type 2 individuals from several populations. 10;44 

Nevertheless, it seems clear that insulin resistance, a genetically inherited 

trait, is present in the majority of individuals with type 2 diabetes, even before 

glucose intolerance can be observed. 45  The central role of insulin resistance in the 

pathogenesis of type 2 diabetes has been accepted in the medical literature. 10  

Insulin resistance refers to suboptimal biologic response to insulin, leading to insulin 

production through compensatory mechanisms.  Studies of different populations 

confirmed that insulin resistance is the initial step preceding the defect of insulin 

secretion. 46-48  Consistently high glucose levels have been found to lead to the 

deterioration of insulin resistance and to the subsequent defect of insulin secretion.  
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Such gluco-toxicity has been hypothesized to precede the diabetic stage and 

eventually lead to complete loss of beta-cell function. 10   

Clinically, insulin resistance may be diagnosed as impaired glucose tolerance 

(IGT), which represents an intermediate phase between normal and diabetic glucose 

metabolism.  This intermediary state (also called pre-diabetic state) is defined by 

OGTT between 140-199 mg/dL.  The importance of IGT as a prognostic category of 

type 2 diabetes has been supported by studies showing increased risk of developing 

diabetes when patients are identified at this stage.  Nevertheless, an estimated 30-50 

percent of patients with IGT will return to normal glucose levels at subsequent 

OGTT, while up to 30 percent of people developing type 2 diabetes may not have 

IGT at all, or only for a short time (<4 years). 

After this brief introduction of the diagnosis and pathogenesis of type 2 

diabetes, the following sections will discuss the definition and classification of 

diabetes mellitus, the incidence and prevalence of the disease, its morbidity, 

mortality, as well as the economic burden it poses on the U.S.  At the end of this 

section, the risk factors for the development of type 2 diabetes will be discussed with 

particular focus on hypertension, the other prevalent chronic disease burden of 

developed societies. 
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2.1.1 Definition and Classification 

Diabetes mellitus is a chronic disease characterized by the body’s inability to 

produce or properly use insulin. 49  It has commonly been classified into two main 

types: type 1 and type 2.  Type 1 diabetes, previously called insulin-dependent 

diabetes mellitus (IDDM) or juvenile-onset diabetes, is characterized by an abrupt 

onset of symptoms (i.e., thirst, polyuria, polyphagia, fatigue), with minimal or absent 

endogenous insulin.  Type 2 diabetes, previously called non-insulin-dependent 

diabetes mellitus (NIDDM) or adult -onset diabetes, manifest in two forms: either 

decreased insulin secretory response to the glucose stimulus or reduced sensitivity or 

responsiveness to insulin. 4 

2.1.2. Incidence and Prevalence 

According to the Centers for Disease Control and Prevention (CDC), about 

18.2 million adults (20 years of age or older) were estimated to have diabetes in 

2002. 1  [Note: The estimates were based on the self-reported results of the National 

Health Interview Survey (NHIS) and the National Health and Nutrition Examination 

Survey (NHANES).]   

The prevalence of diabetes has been continuously increasing since 1980 in 

all age groups, indicating that the increase is not in consequence of an aging 

population.  The annual prevalence of diagnosed diabetes increased from 5.1% in 

1997, to 5.3% in 1998, 5.4% in 1999, 5.9% in 2000, 6.4% in 2001, and 6.3% in 



 11 

2002, as depicted in Figure 2. 50  [Note: pre-1997 data was omitted, because an 

unusual large increase (22%) occurred between 1996 and 1997 estimates, likely as 

the result of changes in the NHIS survey.  Before 1997, the question referred to 

having diabetes during the previous year, whereas after 1997 it was redesigned to 

inquire whether the respondent was told to have diabetes by a health professional.  

Also, proxy respondents, who likely underreport diagnosis of diabetes, were not 

utilized in the NHIS survey after 1997.] 

 
Figure 2.  Prevalence of diagnosed diabetes among adults aged 18 years and 

older: United States, 1997-2003 
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Source: Sample Adult Core component of the 1997-2003 National Health Interview Surveys.  The 
estimate for 2003 was based on data collected from January through March. (Accessed at 
http://www.cdc.gov/nchs/data/nhis/earlyrelease/earlyrelease200309.pdf on October 14, 2003) 
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The above figure did not take into consideration the suspected large number 

of people with undiagnosed diabetes.  Another recent epidemiological study of 

patients participating in the Behavioral Risk Factor Surveillance System found that 

the prevalence of diabetes has increased in the period of 1990-1998 from 4.9 to 6.5 

percent51 in the United States.  This 33 percent increase was observed in both 

genders and all ages, ethnic groups and education levels.  The investigators projected 

further increase in the prevalence of diabetes to approximately 9.0 percent by 2025. 2  

The Centers for Disease Control and Prevention (CDC) estimated that people aged 

60 years or older account for almost 50 percent of the estimated 18.2 million people 

with diabetes. 1  Figure 3 shows that the prevalence of diabetes among those between 

the ages of 45-54 is almost twice the national average, whereas, for people over age 

65, it is 2.5 times the national average.  At younger ages, the prevalence of diabetes 

is higher in females than in males, while this trend reverses over the age of 55.   

In addition, it is estimated that every fifth person of age 65 or older has 

diabetes, which reflects that elderly people are highly affected by this disease state.   
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Figure 3.  Prevalence of diagnosed diabetes among adults aged 18 years and 

older, by age group and sex: United States, January-March 2003 
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Source: Sample Adult Core component of the 1997-2003 National Health Interview Surveys.  The 
estimate for 2003 was based on data collected from January through March. (Accessed at 
http://www.cdc.gov/nchs/data/nhis/earlyrelease/earlyrelease200309.pdf on October 14, 2003) 

 

Racial/ethnic differences are also remarkable in the prevalence of diabetes.  

Hispanics are 1.6 times (7.9%), whereas Non-Hispanic Blacks are 1.75 times (9.8%) 

more likely to have diabetes compared to non-Hispanic White adults (5.6%), 

according to the latest (2003 Jan.-Mar.) estimates of the National Health Interview 

Survey. 1 
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Regarding the incidence of diabetes, 1.3 million adults (aged 20 years or 

older) were diagnosed with diabetes in 2002. 1  People aged 65 years and older 

represented almost one-third of this figure.  The incidence of diabetes was 3.5 per 

1,000 person-years in a 9-year longitudinal study among Japanese adults aged 18-

85.52  Focusing on older males, who comprise the study population, the incidence 

rate is much higher.  In the National Health Interview Survey, the incidence of 

diabetes was estimated at 14.5 per 1,000 in the older (65-79 years of age) U.S. male 

population in 2000. 53   

2.1.3 Morbidity and Mortality 

Uncontrolled diabetes leads to short-term and long-term complications.  

Short-term complications include diabetic ketoacidosis and nonketoic hyperosmolar 

coma.  The syndrome of nonketoic hyperosmolar coma (NKHC) occurs when 

hyperglycemia coexists with an inability to excrete glucose adequately in the urine.  

NKHC is most common in older persons with type 2 diabetes, but it may occur in 

younger persons with type 1 diabetes as well.  

Long-term complications are categorized as microvascular and 

macrovascular complications.  Microvascular complications include retinopathy, 

nephropathy, and neuropathy.  Diabetic retinopathy is the term that describes all the 

abnormalities of the retina caused by diabetes, such as proliferation of new blood 

vessels or leakage of vessels in the eye.  Diabetes is the leading cause of legal 

blindness as well as end-stage renal disease, requiring dialysis or transplantation.  
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Furthermore, 60 to 70 percent of diabetics have mild to moderate forms of nerve 

damage, and more than 50 percent of nontraumatic foot amputations are the result of 

diabetes. 5  Based on data from the 1997 Nationwide Inpatient Sample (NIS) and the 

1997 National Health Interview Survey (NHIS), researchers found that the age-

adjusted rates of hospital discharges with nontraumatic foot amputations were 28 

times higher for persons with diabetes compared to those without diabetes.   

Macrovascular complications include cardiovascular diseases (CVD), such 

as heart disease, coronary artery disease (CAD), and peripheral vascular events.  The 

risk for CVD among persons with diabetes is two to three times higher than among 

persons without diabetes; CVD accounts for 48 percent of all deaths among persons 

with diabetes. 54  Besides vascular complications, long duration of diabetes has been 

associated with cognitive and physical decline, including falls, fractures, and 

depression. 55  These mainly geriatric syndromes may be explained by the fact that 

42 percent of people with diabetes in the United States are older than 65 years. 55;56 

Diabetes was the seventh leading cause of death listed on U.S. death 

certificates in 1996, according to the Center for Disease Control (CDC) National 

Center for Health Statistics. 9  Diabetes was responsible for more than 169,000 

deaths in 1994 and by 1996, diabetes contributed to 193,140 deaths. 57  Texas ranked 

sixth among the states in death due to diabetes: 23.0 (TX) versus 18.5 (U.S.) per 

100,000. 58 
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Researchers believe that these estimates are underrepresented, because of 

underreporting on death certificates, both as a condition and as a cause of death.   

Among the risk factors associated with increased mortality from diabetes are heart 

and renal disease.  Heart diseases are responsible for more than half of deaths among 

diabetics.  Ischemic heart disease accounts for more than half of these deaths and 

also for 40 percent of the total deaths among diabetics. 

2.1.4 Economic Burden 

The American Diabetes Association (ADA) estimated that diabetes related 

complications cost the U.S. health care system $98.2 billion in 1997 59 and $132 

billion in 2002. 6  The significant increase during the 5-year time period is expected 

to continue in the following years; i.e., $156 billion in 2010 (18% increase) and $192 

billion in 2020 (23% increase) as shown in Figure 4.   
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Figure 4.  Projected impact of the change in demographic characteristics on the 

national cost of diabetes: 2002-2020 (in 2002 billions of dollars). 

$0

$20

$40

$60

$80

$100

$120

$140

$160

$180

$200

B
ill

io
ns

 o
f d

ol
la

rs

Direct Cost Indirect Cost Total Cost

2002
2010
2020

 

Source:  Economic Costs of Diabetes in the U.S. in 2002. Diabetes Care 2003; 26(3):917-932. 

 

The $132 billion figure comprised of $91.8 billion in direct medical 

expenditures and $39.8 billion in indirect costs.  The majority of direct medical 

expenditure was spent for inpatient care (43.9%), followed by nursing home care 

(15.1%) and office visits (10.9%).  Elderly people (aged >65 years) accrued more 

than half of all medical costs.  Indirect costs attributable to diabetes comprised of 

mortality (16%), permanent disability (6%), restricted activity days (5%), and lost 

work days (3%).  Overall, diabetes accounted for almost one in every seven dollars 
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spent on health care (15.2%), though only 6.3 percent of the U.S. population has 

diabetes.  Finally, per capita expenditures were more than five times higher for 

people with diabetes compared to people without the disease: $13,243 versus $2,560,  

respectively. 6;60  After adjusting for differences in age, sex, and race/ethnicity, 

people with diabetes had approximately 2.4 times the medical expenditures incurred 

by people without diabetes.  The above estimates exclude care provided by non-paid 

caregivers and other services that were not captured: dental care, optometry care, and 

dietitian services.  In addition, including the cost incurred by the significant number 

of undiagnosed diabetics and intangible costs of pain and suffering would result in a 

much larger cost estimate. 

As discussed in the previous section, diabetes can lead to severe long-term 

health complications.  Long-term complications account for an increase in health 

care costs.  Research has shown that increased cost from complications occurs early 

in the duration of diabetes.  Ramsey et al. found that the average annual cost of care 

for those without diabetes aged 65 and over was $3,400 (1995 dollars). 61  Excess 

expenditures for those with diabetes after the first year of diagnosis were: 4.3 (with 

end-stage renal disease); 4.1 (with myocardial infarction); 4.0 (with foot ulcer); 3.5 

(with stroke); 2.6 (with hypertension); 2.5 (with eye disease); and 1.6 (with no 

complications) times higher than those without diabetes. 
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2.1.5 Risk Factors 

No single cause has been associated with the development of type 2 diabetes.  

However, several risk factors have been identified that increase the risk of disease 

occurrence.  Higher prevalence of type 2 diabetes in minority ethnic groups and 

certain families leads to strong support of a genetic risk factor.  Taking into 

consideration this heterogeneity within families and populations is necessary when 

evaluating risk factors of type 2 diabetes. 10  Furthermore, as discussed previously, 

advanced age is also highly associated with the development of diabetes. 

A narrower definition of a risk factor implies that removal of the agent will 

reduce the likelihood of developing the disease.  In this stricter sense, demographic 

variables (e.g., gender, age, race/ethnicity, and family history) are not risk factors, 

because they are not modifiable, and therefore will not be discussed here.  Following 

this definition may provide useful insights to prevent the development of type 2 

diabetes.  Several behavioral and metabolic risk factors for the development of type 

2 diabetes have been identified.   

2.1.5.1 Behavioral Factors 

Total caloric intake as well as several components of diet (i.e., fiber, fat, 

carbohydrate, and alcohol) have been considered as potential risk factors for type 2 

diabetes.  However, studies have provided variable results.  In a 12-year large 

prospective study in Gothenburg, Sweden, neither calorie intake nor carbohydrate 
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intake were associated with the development of diabetes. 62  On the other hand, a 

four-year prospective study of elderly people indicated a positive relationship 

between the development of glucose intolerance and carbohydrate intake. 63   

High fat diet has been associated with obesity 64 and altered fat distribution. 65  

In a small sample of people with impaired glucose tolerance, the 2-year risk of 

developing diabetes increased by sevenfold (95% CI 1.3-39) among those with 

higher dietary fat intake. 66  Conversely, several animal studies reported improved 

metabolic effects associated with omega-3 fatty acids. 67-69  It has been suggested 

that higher intake of omega-3 fatty acids may lower the risk of development of type 

2 diabetes, although this assertion needs further evaluation. 10   

Epidemiological studies suggested that alcohol intake may be associated 

with the development of diabetes through either its effect on the liver and pancreas 

or through weight gain and development of abdominal adipose tissue. 70-72  In 

support of the above assertion, Californian men who reported drinking more alcohol 

had higher incidence of type 2 diabetes compared to those drinking less; 

nevertheless, this latter group had lower incidence rates compared to the “no 

drinking” group. 73  Both positive 74 and negative associations 75 have been reported 

between alcohol consumption and the incidence of diabetes among women.  An 

inverse relationship between alcohol intake and body weight might have been 

responsible for the protective effect of alcohol consumption among women that was 
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reported by Stampfer et al.  Whether there is an interaction effect in the incidence of 

diabetes between alcohol intake and gender needs further investigation. 10 

Overall, the literature is inconclusive regarding the role of either components 

of diet in the development of type 2 diabetes.  However, weight gain has been 

supported as the primary cause of insulin resistance 10 as well as the development of 

type 2 diabetes. 70;71  A large prospective cohort study of middle-aged women from 

11 states in the U.S. showed substantial increased risk of type 2 diabetes with weight 

gain.  Even for modest (5.0 to 7.9 kg) weight gains, the relative risk of developing 

diabetes was 1.9 (95% CI: 1.5-2.3) after controlling for age, history of diabetes and 

BMI.  Rapid weight gain increased insulin resistance among those with 

hyperandrogenism, insulin resistance, and acanthosis nigricans (skin manifestation 

of hyperinsulinemia, often secondary to various types of cancers, such as 

gastrointestinal, liver, lymphoma, and melanoma). 76   

In another investigation, Pima Indians who were least insulin resistant 

(examined yearly for about 3.5 years) gained the most weight. 77  The 

counterintuitive finding can be explained by the assertion that insulin resistance may 

act as a feedback mechanism, to prevent further weight gain. 78  Insulin resistance 

(higher fasting insulin levels) was associated with lower weight gain in another study 

of Hispanics and non-Hispanic Whites over four-years, after controlling for initial 

body weight, gender, age, ethnicity, and BMI. 79  It appeared that weight gain was 

associated with insulin resistance, potentially through some feedback mechanisms; 
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once insulin resistance was manifested, it was associated with reduced gain in 

weight among people with both high and low risk to develop diabetes.  Overall, 

other investigations showed that obesity can account for approximately 15 percent of 

the variability in insulin sensitivity.10;80 

Besides contributing to insulin resistance, body adiposity has been associated 

with the development of type 2 diabetes as well.  Cross-sectional and retrospective 

studies as well as more rigorous prospective studies have confirmed the association 

between obesity and type 2 diabetes. 70;81-84  In an 8-year follow-up investigation of 

Mexican-Americans, those who developed diabetes had higher BMI, central obesity, 

insulin levels, and glucose concentration. 81  Nevertheless, in the multivariate 

analysis, body adiposity was no longer associated with the development of diabetes, 

suggesting that the effect of these variables may be mediated by insulin resistance.  

Figure 5 and 6 show the relationship between obesity (Body Mass Index) and the 

prevalence of diabetes among younger and older adults.  Besides the level of obesity, 

longer duration of obesity 85;86 and upper body (central, abdominal) obesity have also 

been associated with the development of diabetes. 83;87;88  Colditz et al. found that the 

relative risk of diabetes increases by approximately 25 percent for each additional 

unit of BMI over 22 kg/m2. 70  In addition, examining the 9-year incidence of type 2 

diabetes in a national cohort of adults, researchers found an increased risk of 27 

percent for each additional 5 kg (11 lb) weight gain. 89  Finally, among Japanese 

Americans and Swedes, the relationship between obesity and type 2 diabetes was 
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stronger among those without family history of diabetes, indicating the importance 

of genetic characteristics in the development of type 2 diabetes. 71;90  The Texas 

Department of Health also reported significantly more obese people among those 

who have diabetes compared to those who do not have diabetes (40.2% and 18.8%, 

respectively) in a survey of 500 randomly selected Texans (18 years or older). 91 

 

Figure 5.  Prevalence of type 2 diabetes by Body Mass Index (BMI), Age 20-54 

years, U.S., 1976-80 
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Source: 1976-80 National Health and Nutrition Examination Survey 



 24 

Figure 6.  Prevalence of type 2 diabetes by Body Mass Index (BMI), Age 55-74 

years, U.S., 1976-80 
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Source: 1976-80 National Health and Nutrition Examination Survey 

 

The role of excess weight in the development of type 2 diabetes can be 

assessed from another angle: to examine whether weight loss has been associated 

with reduced risk of the incidence of diabetes. 18  In the Swedish Obese Subjects 

(SOS) study, 346 obese patients (average BMI: 41.2), awaiting gastric surgery, were 

matched with 346 control subjects. 92  An average of 16 percent weight reduction 

during the 8-year study period resulted in a dramatic decrease in the incidence of 

diabetes: odds ratio 0.16 (CI 95%: 0.07-0.36). 
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Lack of physical activity has also been associated with the development of 

diabetes.  Three large studies followed White female nurses for eight years, 93 male 

university alumni for fifteen years, 94 and male physicians for five years. 95  At least 

weekly physical activity reduced the risk of new-onset type 2 diabetes to 0.84 (95% 

CI: 0.74-0.93), 93 0.94 (95% CI: 0.90-0.98), 94 and 0.71 (95% CI: 0.56-0.91), 

respectively. 95  In two of the three investigations, the protective effect of physical 

activity was larger among those with higher BMI; i.e., who were at higher baseline 

risk to develop diabetes. 94;95  Increased insulin sensitivity might have been 

responsible for the beneficial effects. 96   

Researchers have postulated that the reason of age-related decline in insulin 

sensitivity may partly be explained by declining level of physical activity. 97  In 

summary, the literature supports that increased risk of type 2 diabetes is associated 

with less physical activity.  Furthermore, the available epidemiologic evidence also 

shows substantial benefit of regular physical activity in preventing the development 

of type 2 diabetes. 24 

Thus, it can be concluded that obesity and sedentary lifestyle play an 

important role in the development of diabetes.  As the number of overweight people 

has increased during the last two decades and affects about two-thirds of the U.S. 

population (Figure 7), the prevalence of diabetes is expected to continue increasing 

as well.  According to the self -reported height and weight data, Texas ranked eighth 
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among U.S. states in the number of overweight adults with 57.3 percent of Texans 

being overweight, compared to the national average of 54.7 percent. 58 

 

Figure 7.  Percent of Population that is Overweight, by Race and Sex, Ages 20-

74, U.S., 1971-1974 – 1988-1994 
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Data is not available for Mexican Americans in the 1971-1974 time-period. 

Source: National Heart, Lung, and Blood Institute.  Morbidity and Mortality: 2002 Chart Book on 
Cardiovascular, Lung, and Blood Diseases.  May, 2002. 

 

Sedentary lifestyle has been reported as a significant public health issue.  In 

2000, 22 percent of men and 28 percent of women were inactive or had low physical 

activity, taking into account both leisure-time and usual daily activities.98  Leisure-
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time activity, which may counterbalance an otherwise sedentary lifestyle, has been 

low; as much as 38 percent of adults reported not engaging in leisure-time physical 

activities in 2000-01.  Physical activity has been negatively associated with female 

gender and advanced age.  In a state-by-state comparison of lifestyle behaviors in 

1997-98, 37 percent of Hispanics, 27 percent of Blacks, and 24 percent of 

Asian/Pacific Islanders reported no leisure-time physical activity. 58   

Therefore, it is not surprising that the most compelling evidence supports 

exercise and diet as the most effective methods to prevent the development of type 2 

diabetes.  In the largest longitudinal study, a minimum of 7 percent weight loss or 

weight maintenance in combination with a minimum of 150 minutes weekly 

physical activity (similar in intensity to brisk walking) resulted in 58 percent 

reduction in the incidence of diabetes. 99-101  Similarly, in the Da Qing IGT and 

Diabetes Study, a large randomized investigation from China, diet, exercise, and the 

combination of diet and exercise interventions resulted in 31 percent, 46 percent, and 

42 percent reductions in the incidence of diabetes, respectively. 102  The findings of 

the Finnish Diabetes Prevention Study also supported the positive effects of a 

lifestyle intervention program (i.e., combined intervention on physical activity and 

diet). 22 

2.1.5.2 Metabolic Factors 

Increased triglyceride and decreased HDL cholesterol levels have been 

associated with the development of type 2 diabetes.  Studies have suggested that 
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increased triglyceride levels might induce insulin resistance. 103-105  For example, a 

prospective study found that the incidence of type 2 diabetes was related to baseline 

triglyceride levels and was independent of insulin levels among the small (n=56) 

cohort of people with family history of hypertriglyceridemia. 106  However, Sane et 

al. found that reduction of triglyceride level did not normalize insulin sensitivity or 

lowered insulin levels, suggesting that increases in triglyceride levels are more likely 

the consequence than the cause of insulin resistance. 106  Contrary to the above 

findings, the Paris Prospective Study found no association between triglyceride 

levels and the development of type 2 diabetes among 5,042 middle-aged White 

men.107  Kametani et al. suggested that the negative findings of the Paris Prospective 

Study may be the result of the short (3-year) follow-up period. 52   

In a 9-year longitudinal study from Japan, hypertriglyceridemia (defined as 

triglyceride level =150 mg/dL or clinical diagnosis with treatment) was an 

independent risk factor for the development of diabetes after controlling for BMI, 

hypertension, and fasting glucose. 52  Similarly, in the 14-year follow-up period of 

the Framingham study, very low density lipoprotein was an independent risk factor 

for glucose intolerance. 108  Diabetes was not differentiated from impaired glucose 

tolerance in the Framingham study. 

Some studies have also addressed the presence of renal disease among pre-

diabetic people.  In a cross-sectional study of older (aged 65-74) people, the risk of 

developing diabetes in 3.5 years was higher among those with microalbuminuria, 
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independent of blood pressure levels. 15  However, the association disappeared after 

adjustment for plasma glucose and insulin levels , suggesting that another 

confounding factor likely plays a more important role.  Nondiabetic people  with 

microalbuminuria had multiple cardiovascular comorbidities, including 

hypertension, elevated triglyceride levels, high insulin concentration, and low levels 

of high-density lipoprotein cholesterol.  Thus, it is likely that renal disease was a 

component of the metabolic syndrome, rather than an independent risk factor for the 

development of type 2 diabetes. 10   

In summary, the chronology of changes in metabolic factors, insulin 

resistance, and the development of type 2 diabetes has not been convincingly 

addressed in the above studies.  Nevertheless, existing evidence indicates the 

primary role of insulin levels (insulin resistance) in the development of type 2 

diabetes.  Thus, the coexistence of insulin resistance with other metabolic 

abnormalities (i.e., elevated triglycerides, microalbuminuria, and low HDL 

cholesterol levels) has great importance in the development of type 2 diabetes.  

Figure 1 in Chapter 1 shows a conceptual model of the etiology of type 2 diabetes 

mellitus. 7;46  In the first step, IGT develops from normal glucose tolerance, as a 

result of insulin resistance and in the second step, overt type 2 diabetes develops, as 

a result of a functional decline of beta cells.  Although the two-stage model focuses 

on the hyperinsulinemic, insulin-resistant form of type 2 diabetes, it also includes 

another path of diabetes development, which surpasses insulin resistance.  Some 

evidence exists in support of this second path of developing type 2 diabetes.  
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Prospective studies of people with IGT have described insulin decline after glucose 

challenge as predictor of the development of type 2 diabetes, which may result from 

genetic beta-cell defects. 46;106;107;109 

2.1.5.3 Drug-Induced Diabetes 

Several drugs have been associated with negative interference on 

carbohydrate mechanism, potentially inducing new-onset diabetes.  In the next 

section, those medications will be described that have most commonly been 

associated with the development of diabetes: antipsychotics, corticosteroids, and 

nicotinic acid.  Antihypertensive medications (i.e., thiazide diuretics, loop diuretics, 

beta-blockers, and angiotensin converting enzyme inhibitors (ACEI)) have 

demonstrated various effects on carbohydrate metabolism.  Supporting evidence for 

these effects will be discussed in the ‘Hypertension management’ section of the 

chapter.   

Other pharmacological agents have also been described to: 1) destroy beta-

cells; 2) inhibit insulin secretion; 3) cause glucose intolerance by sympathetic 

stimulation or blockade; or 4) impair insulin action. 110;111  Nevertheless, many of 

these agents are either not used in medical treatment (i.e., alloxan and vacor), appear 

rarely in general practice (i.e., streptozotocin, diazoxide, pentamidine, L-

asparagniase, cyclosporine A, somatostatin and octreotide, anabolic -androgenic 

steroids), or have been associated with little clinical importance (i.e., phenytoin, 
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beta-agonists (salbutamol, terbutalin, and ritodrin), xanthines, and aspirin). 110  These 

agents are not going to be the focus of the discussion. 

2.1.5.3.1 Antipsychotics 

Studies have shown that certain antipsychotic medications are associated 

with increased blood glucose and lipid levels, possibly through weight gain. 112  As 

discussed previously, dyslipidemia poses an increased risk for the development of 

diabetes.  Therefore, previous findings that certain antipsychotics (i.e., clozapine and 

olanzapine) were associated with hypertriglyceridemia, while others (i.e., 

haloperidol, risperidone, and ziprasidone) were associated with reductions in serum 

triglycerides may also have importance regarding the risk of diabetes. 113  In a 

retrospective analysis of 215 medical charts of Californian veterans, Wirshing et al. 

found clinically important increases in glucose levels among those who received 

clozapine (+14%), olanzapine (+21%), and haloperidol (+7%) therapy. 114  Patients’ 

age, duration of antipsychotic treatment, confounding medications, and initial blood 

glucose values were controlled for in the analysis.  One major limitation of the study 

was the lack of clear indication whether the obtained blood glucose values were 

fasting or random measurements.  However, this bias was present at both the 

baseline and “after therapy” values and does not solely explain the observed 

differences.  Furthermore, lack of data required the researchers to exclude 64 percent 

of the initial pool of patients, which may result in unreliable estimates regarding the 

magnitude of the observed differences. 
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In a case-control analysis of the U.K. General Practice Research Database, 

patients treated with antipsychotic medications had an increased risk of developing 

diabetes (odds ratio: 1.7; 95% CI: 1.3-2.3). 115  When comparing patients’ risk of 

diabetes between those treated with antipsychotic medications to “no use” in the past 

year, the odds ratios were 4.7 (95% CI: 1.5-14.9) and 1.7 (95% CI: 1.2-2.3), 

respectively.   

Nevertheless, impaired glucose metabolism was described in psychotic 

patients prior to the introduction of antipsychotic medications, leading to the 

suspicion that higher risk for diabetes may be the result of the illness rather than the 

therapy itself. 113  The majority of the reported cases of patients with antipsychotic-

induced diabetes had other risk factors for diabetes. 116  In a cross-sectional study of 

drug-naïve patients with schizophrenia, insulin resistance and impaired fasting 

glucose tolerance was more prevalent than among healthy comparison subjects. 117  

In a retrospective chart review of older hospitalized patients, Regenold et al. found 

that psychiatric diagnosis and BMI were significant and independent predictors of 

diabetes in the logistic regression analysis. 118  Compared to age, gender, and race-

matched national rates, the researchers found that bipolar I affective and 

schizoaffective patients had elevated incidence of diabetes.  The respective 

incidences of diabetes were 50 percent (schizoaffective), 26 percent (bipolar I), 18 

percent (major depression and dementia), and 13 percent (schizophrenia).  The 

overall incidence of diabetes was significantly greater than would be expected for 
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age, gender, and race-matched people representative for the U.S. general population 

(25 compared to 14 percent, respectively). 

In a cross-sectional study of Singaporean patients with schizophrenia 

residing in a hospital, Subramaniam et al. found a higher prevalence of both diabetes 

(16.0%) and impaired glucose tolerance (30.9%) compared to the rates reported by 

the National Health Survey of Singapore: 9 and 15 percent, respectively. 119  

Similarly, schizophrenic patients had a higher prevalence of type 2 diabetes 

compared to the general Medicare/Medicaid population in the United States, as 

indicated by data collected by the Schizophrenia Patient Outcomes Research Team 

(PORT). 120  The data in this latter research was collected in the early 1990s, before 

the widespread use of atypical antipsychotics. 

Additionally, major depression and depressive symptoms have also been 

linked to the development of diabetes. 121  Hayward described several cardiovascular 

risk factors to be present among psychiatrically ill patients, including cigarette 

smoking, hypertension, dyslipidemia, and sedentary lifestyle. 122  It may be argued, 

that these risk factors are responsible for the increased rate of new-onset diabetes 

among patients with depression.  Nonetheless, in a longitudinal study of the 

Epidemiological Catchment Area (ECA) Program revealed a relative risk of 2.23 

(95% CI: 0.90-5.55) of diabetes associated with major depression, after a 13-year 

follow-up period. 123  More importantly, controlling for age, race, sex, 

socioeconomic status, use of health services, diagnosis with other psychiatric 
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disorders, and body weight did not weaken the association.  One major limitation of 

the above study was its inability to control for increased medical attention, which 

stems from the diagnosis of depression, and may lead to an earlier diagnosis of 

diabetes.   

Similar findings were reported by Kawakami et al. in an 8-year follow-up 

study of Japanese males. 124  Excluding patients who had psychiatric treatment from 

the analysis did not change the increased risk of diabetes (relative risk of 2.77; 95% 

CI: 1.06-7.26) of patients with moderate or severe depressive symptoms.  The 

researchers also controlled for several covariates, including age, education, obesity, 

leisure-time physical activity, smoking, alcohol consumption, chronic medical 

conditions, and family history of diabetes.  Both of the above longitudinal studies 

suggest that although higher risk of diabetes may be associated with depressive 

symptoms, this relationship may only be observable after the symptoms reach a 

certain severity level. 123;124 

Based on the current evidence from the literature, it appears that there is a 

higher baseline risk of diabetes associated with psychotic illnesses.  In addition, 

antipsychotic medications may further increase the already higher risk of diabetes, 

with special consideration to certain members of the novel atypical antipsychotic 

class (i.e., clozapine and olanzapine). 125-129  Nevertheless, older antipsychotics, such 

as the “low-potency” chlorpromazine 113;130 and the “high potency” haloperidol 114 as 
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well as another atypical antipsychotic  (i.e., risperidone) 112;128;131 were also linked to 

the development of diabetes. 

2.1.5.3.2 Corticosteroids 

A causal relationship between corticosteroids and impaired glucose 

metabolism has been suspected for many years.  Additionally, glucocorticoids, such 

as hydrocortisone, dexamethasone, prednisone, and methylprednisone may induce 

overt diabetes. 111  Fajans described glucocorticoid-induced diabetes, which was 

detected within hours of administration of the steroid. 132  Greenstone and Shaw 

found support to this relationship in a study where participants received prednisone 

on alternate days.  The research showed that hyperglycemia or glycosuria occurred 

on treatment, but not on non-treatment days. 133  In another investigation, high dose 

corticosteroids have been associated with impaired glucose tolerance and overt 

diabetes in around 20 percent of the patients. 110  Furthermore, in a retrospective 

study investigating the effect of high-dose corticosteroid (dexamethasone) therapy 

for neurological tumors, Weissman et al. found that 19 percent of the subjects 

developed hyperglycemia, 13 percent required insulin therapy, and more than 1 

percent developed ketoacidosis. 134  Corticosteroid-related toxicity was most 

apparent among patients with worst condition treated for the longest period of time 

and who received the highest cumulative dose.  The dose-response relationship was 

confirmed by a prospective investigation of renal-transplant recipients receiving 

high-dose corticosteroid therapy as well.  135   
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Another retrospective study analyzed 11,855 cases enrolled in the New 

Jersey Medicaid program, who received new treatment for diabetes, and an equal 

number of controls, randomly sampled from the study population. 136  Users of 

glucocorticoids had an increased risk for the development of hyperglycemia (odds 

ratio: 2.23; 95% CI: 1.92-2.59).  The study supported the suspected dose-response 

relationship; patients receiving higher average daily doses of glucocorticoids had 

increased risk.  The odds ratio was 1.77 for 1 to 39 mg/day (in hydrocortisone-

equivalent milligrams), 3.02 for 40 to 79 mg/day, 5.82 for 80 to 119 mg/day, and 

10.34 for 120 mg/day or more.  The results remained significant after controlling for 

demographic and healthcare utilization variables. 

Others have suggested that the effects of corticosteroids on carbohydrate 

metabolism may be more apparent in already susceptible patients. 137;138  Although 

all corticosteroids are associated with glucose intolerance, hydrocortisone, 

dexamethasone, prednisone, and prednisolone, and methylprednisolone are described 

to have the most pronounced effects on the development of diabetes. 111;139  These 

drugs are used in various disease states in a wid e range of doses.  The actual 

incidence of diabetes caused by these agents is unknown because of these factors 

and confounding metabolic and non-metabolic disorders of the patient. 111   
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2.1.5.3.3 Niacin (Nicotinic Acid) 

Niacin (nicotinic acid) is a water-soluble, B complex vitamin that is used as 

an effective therapy for dyslipidemias of very low and low density lipoproteins. 140  

Hyperglycemia has been associated with niacin in both diabetic and nondiabetic 

patients, often resulting in discontinuation of therapy. 111  Researchers at the 

Atherosclerosis Detection and Prevention Clinic reviewed the medical charts of 82 

patients treated with niacin. 141  The incidence of new-onset diabetes was 33 percent 

(among a subgroup of 17 dyslipidemic heart transplant patients) and 15 percent (in 

the nontransplanted subgroup).  Transplant patients received additional drugs 

associated with the risk of diabetes, such as steroids and cyclosporine.  Furthermore, 

the mean dose of niacin for transplant patients was nearly twice of their 

nontransplant counterparts.   

In another small study of 31 nondiabetic Swedish patients with high 

triglyceride levels, nicotinic acid decreased glucose tolerance during the 6-week 

study period. 142  The niacin dose in Tornvall’s study was 3 grams per day.  Luria 

found that lower dose (1 gram per day) of niacin may have less or no effect on 

patients’ glucose tolerance during the 6-month study period. 143  Furthermore, 

Henkin has argued that severe hyperglycemia mostly occurs in patients with 

established glucose intolerance. 144 
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To various extents, the above discussed risk factors were all associated with 

the development of diabetes; thus, it is important to estimate the independent effect 

of these factors in the presence of the others.  Next, risk prediction models in this 

multivariate context will be discussed. 

2.1.6 Risk Prediction 

It has been proposed that the incidence of type 2 diabetes can be predicted by 

using multiple regression analysis.  The regression model by Stern et al. includes 

such risk factors as BMI, fat centrality, family history of diabetes, fasting blood 

glucose, triglyceride and HDL concentrations, blood pressure, and heart rate. 145  The 

authors concluded that the model performed similarly to OGGT tests in predicting 

subsequent development of type 2 diabetes over eight years. 

Investigators of the Losartan Intervention For Endpoint reduction in 

hypertension (LIFE) study developed a multivariate model to predict the 

development of diabetes. 146  Using proportional hazard regression model, the 

researchers found serum glucose, HDL cholesterol, systolic blood pressure, and BMI 

to be significant predictors for the incidence of diabetes during the average of 4.8 

years follow-up period.  Each unit (1 mmol/l = 18 mg/dl) increase in serum glucose 

resulted in 60 percent increase in the risk of diabetes.  Similarly, the increased risk to 

develop diabetes for a unit increase of BMI (1 kg/m2) and systolic blood pressure (10 

mmHg) were 8 and 18 percent, respectively.  Conversely, 1 mmol/l increase in 

serum HDL level resulted in 64 percent reduction in the risk of diabetes.  This study 



 39 

showed the importance of blood pressure control to lower the risk of diabetes; 

however, metabolic factors were also responsible for the increased risk as 

expected.146  The Atherosclerotic Risk In Communities (ARIC) study supported the 

above finding and showed that hypertensive patients not receiving therapy were at 

much higher risk to develop diabetes compared to normotensive agents. 147  In 

summary, along with other factors identified as components of the metabolic 

syndrome, high blood pressure may play an important role in the development of 

new-onset diabetes.  The relationship between hypertension and diabetes will be 

discussed in more detail in the following section. 

2.2 Hypertension and Diabetes 

Approximately 18 million people are diagnosed with type 2 diabetes and 

close to 40 million with essential hypertension in the United States.  In addition, it is 

estimated that 73 percent of adults with diabetes, or more than 13 million diabetics 

have hypertension as well.1  The frequency of the co-existence of these two 

conditions is greater than would be expected by chance alone, creating an enormous 

burden to the society.  The role of insulin sensitivity, as a potential mediator in the 

relationship between hypertension and diabetes has been anticipated. 11   

Hypertension, diabetes, and atherosclerosis share several important risk 

factors, including dietary fat, physical inactivity, and upper body obesity.  The 

dependency and co-occurrence of these conditions warranted to refer to them as a 

single condition: metabolic syndrome.  Lind et al. examined 420 treatment-naïve 
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hypertensive patients with no history of diabetes to explore the relationship between 

hypertension, insulin resistance and other components of the metabolic syndrome, by 

using euglycemic hyperinsulinemic clamp technique. 148  Between 27 and 31 percent 

of hypertensive patients were also insulin resistant.  A significant number of insulin 

resistant patients had increased serum triglycerides (50%), abdominal obesity (50%), 

low levels of HDL (48%), and increased serum uric acid (20%).  Significantly more 

insulin-resistant hypertensive patients had two or more of these metabolic 

impairments compared to their non-insulin resistant counterparts (50% vs. 20%).  

The above findings support the clustering of other metabolic abnormalities around 

hypertension and insulin resistance.  Thus, besides a common genetic defect, insulin 

resistance likely plays a central role in this syndrome, because insulin affects 

glucose, lipid, and protein metabolism as well. 149  Consequently, low levels of HDL 

cholesterol, high triglyceride levels , high blood pressure, and obesity are not 

surprising to precede and, to some extent, predict the onset of type 2 diabetes. 150   

It has been questioned whether any of these metabolic abnormalities would 

accelerate the development of diabetes, from either a normal or an impaired glucose 

tolerant stage.  Haffner proposed that it was more likely that insulin resistance 

precedes other components of the metabolic syndrome. 150  On the other hand, 

findings from a long-term prospective study showed that hypertensive men who 

developed diabetes at a later time differed from those who did not on metabolic 

variables including insulin resistance, many years before the onset of diabetes. 151  
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This question has tremendous clinical importance, as intervening in one or more of 

the metabolic factors may or may not reduce the risk of developing diabetes, 

depending on whether the effect of such intervention lies in the pathway leading to 

diabetes. 10   

Studies found that elevated blood pressure 15;16 and heart rate 152 are 

associated with two-to-four-fold increased risk for the development of type 2 

diabetes.  In the 8-year follow-up period of the General Practice Hypertension Study, 

men with hypertension had 2.3-2.7 increased risk to develop diabetes compared to 

their age-matched normotensive controls. 17  Yet, as with the relationship between 

triglycerides and diabetes, the chronologic changes are not confirmed.10  

Investigators of the population-based San Antonio Heart Study found that Mexican 

American and non-Hispanic White patients who were hypertensive at baseline had a 

significantly higher incidence of developing diabetes during the 8-year study period 

compared to their normotensive counterparts (8.9% vs. 4.9%).153  However, after 

adjusting for age, gender, ethnicity, obesity, body fat distribution, and fasting 

glucose and insulin concentrations, the excess risk of diabetes among those who 

have hypertension disappeared: odds ratio was 0.73 (95% CI: 0.34-1.58).  

Nevertheless, hypertensive patients remained at increased risk to develop impaired 

glucose tolerance (IGT), even after controlling for the above factors: odds ratio: 1.87 

(95% CI: 1.08-3.22).  This finding may be explained by the “two step” model of the 

pathogenesis of type 2 diabetes, in which insulin resistance is the first step and an 
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array of acquired or inherited predispositions that lead to beta-cell failure is the 

second step.  With no information on the duration of therapy, one can only speculate 

that hypertension may have played a role in the first step of developing diabetes.   

Another study of 7,222 initially normoglycemic Japanese adults supported 

the theory of the “two step” model.  52  In the multivariate Cox regression model, 

hypertension was an independent risk factor for the development of impaired fasting 

glucose, but not for the development of diabetes in the 9-year follow-up of the study.  

The researchers concluded that their findings suggest that impaired fasting glucose 

and diabetes correspond to different stages of impaired carbohydrate metabolism.  

Overall, more convincing evidence exists today supporting the direct role of insulin 

levels and insulin resistance in the development of type 2 diabetes, than for changes 

in blood pressure and heart rate.   

Further studies support the above assertion.  In a population-based 

longitudinal study of elderly patients (n=805) in Kupio, Finland, the odds ratio for 

the effect of hypertension on the incidence of diabetes was 2.52 (95% CI: 1.35-4.70) 

during the 3.5-year study period. 154  However, after adjusting for body mass index, 

waist-to-hip ratio, fasting glucose and insulin concentrations, and 2-hour glucose and 

insulin levels, hypertensive patients had only a minimal increase in the risk of 

developing diabetes, compared to their normotensive counterparts and the difference 

was not statistically significant.   
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In summary, the relationship between hypertension and diabetes is complex 

and affected by several factors, surrounding insulin resistance.  High blood pressure 

may be only one manifestation of the metabolic  syndrome, which is a cluster of 

conditions associated with unhealthy diet and lack of exercise. 155  According to the 

currently available evidence, patients with essential hypertension are insulin 

resistant, 12;13 or as Skarfors put it: “hypertension is an insulin resistant state in 

itself.” 16 

Investigators also examined the role antihypertensive medications play in 

carbohydrate metabolism.  According to the seventh report of the Joint National 

Committee on prevention, detection, evaluation, and treatment of high blood 

pressure (JNC 7), 55 percent of patients with hypertension receive antihypertensive 

medications. 156  Therefore, the role these medications in carbohydrate metabolism 

and/or in the development of diabetes have been of interest. 

The Uppsala longitudinal study of men investigated the effect of 

antihypertensive therapy on carbohydrate metabolism and subsequent myocardial 

infarction. 157  After 10-year follow-up, participants being treated for hypertension at 

age 60 had higher proinsulin (indicating insulin resistance), fasting blood glucose, 

and triglyceride levels as well as larger fasting blood glucose increase between the 

ages of 50 and 60 compared to those without such treatment.  The researchers have 

also found that treatment with any type of antihypertensive medication (i.e., diuretic, 
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beta-blocker, or hydralazine) at follow-up was associated with about 1.7 increased 

risk to develop diabetes; this latter effect was independent of other risk factors. 16 

Retrospective studies have also examined the effect of antihypertensive 

therapy and metabolic characteristics of antihypertensive patients on the 

development of type 2 diabetes.  In a case-control epidemiological study using New 

Jersey Medicaid recipients, patients taking antihypertensive medications were at 

increased risk to develop diabetes (odds ratio ranged from 1.40 to 1.77).41  An even 

higher risk was associated with combination antihypertensive therapy (odds ratio 

ranged from 1.76 to 1.93), indicating that new-onset diabetes is closely related to the 

intensity of antihypertensive therapy.  With no information on baseline insulin and 

glucose concentration, blood pressure control, obesity, physical activity, and family 

history, it is impossible to rule out the possibility of pre-existing insulin resistance 

among hypertensive patients.  Besides the question of causal effects, this study raises 

another question: whether the pharmacological therapy itself or the severity of 

hypertension, or both factors are associated with insulin resistance. 

In a prospective study of Swedish middle-aged men, insulin resistance 

deteriorated significantly during the nearly 10 years of beta-blocker, hydralazine, 

thiazide, or combination antihypertensive therapy. 151  Furthermore, significantly 

more patients developed diabetes in the hypertensive group.  Also, patients with 

treated hypertension who developed diabetes experienced deteriorations in insulin 

sensitivity and triglyceride levels .  These changes were not apparent among 
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hypertensive patients who were not treated, even though the two groups showed 

similar baseline insulin sensitivity and triglyceride levels .  In addition, the counter 

argument about the natural worsening of insulin sensitivity among patients with high 

blood pressure seems inaccurate, as the blood pressure decreased in the hypertensive 

group and increased in the controls. 151  These findings support the hypothesis that 

changes were the effects of long-term antihypertensive therapy.   

The above studies suggest that both insulin resistance and the metabolic 

consequences of antihypertensive therapy could be detrimental. 157  After an 

overview of the epidemiology and economic burden of hypertension, the effect of 

the major classes of antihypertensive medications on glucose metabolism and on the 

development of diabetes will be discussed. 

2.3 Hypertension Background 

Before a detailed discussion on the major classes of antihypertensive 

medications, a brief background, definition, classification, and epidemiology of 

hypertension is provided.  Hemodynamically, blood pressure is defined as the 

product of cardiac output (CO) and total peripheral resistance (TPR): BP = CO X 

TPR. 158  Factors that increase cardiac stroke or heart rate increase the cardiac 

output, and as a result, blood pressure.  Venous dilation increases venous 

capacitance and decreases the volume of blood that is returned to the heart (preload) 

therefore, lowering systolic blood pressure.   
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On the other hand, contraction of the peripheral veins would result in the 

opposite effect.  Contraction and dilation are the main regulatory forces determining 

total peripheral resistance (TPR) and consequently, diastolic blood pressure. 158  

Other contributing factors include the elasticity of aortic and arterial walls and blood 

viscosity.  Furthermore, in normal physiologic conditions, blood pressure is lower in 

women than in men, higher in Blacks than in Whites, and increases with age.  In 

summary, elevated arterial blood pressure (i.e., hypertension) is generated by the 

interaction between blood flow and resistance to blood flow.  Persistently elevated 

arterial blood pressure is a common disease, called hypertension. 

Because hypertension is almost always a disorder without symptoms, it is of 

particular challenge for patients and providers to control the problem.  Besides low 

control rate (34%), almost one-third (30%) of the people are unaware of their 

hypertension. 156  Hypertension causes huge economic and health problems to 

societies, as it is one of the major contributors to the development of microvascular 

and macrovascular complications, which are commonly fatal.  As its devastating 

effects are developed without any immediate signs or deterioration in patients’ 

quality of life, hypertension is often referred to as the “silent killer.” 159 

2.3.1 Definition and Classification 

Several large, epidemiological studies provided evidence for strong 

correlation between elevated blood pressure and cardiovascular diseases (i.e., stroke, 

myocardial infarction, angina, heart failure, and renal failure).  In addition, clinical 
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trials have emerged showing that controlling hypertension significantly reduces the 

risk of these outcomes.   

Arterial blood pressure is a continuous variable, therefore, it is somewhat 

arbitrary to draw a cut-off value, beyond which a person is classified as having 

hypertension.  Nevertheless, based on epidemiolo gical and clinical data, high blood 

pressure has been defined as a systolic blood pressure greater than 140 mmHg or a 

diastolic blood pressure greater than 90 mmHg.  Table 1. shows the classification of 

high blood pressure, according to the latest national guidelines, the JNC 7. 156 

 

Table 1.  Blood Pressure Classification 

BP Classification SBP mmHg  DBP mmHg 

Normal <120 and <80 

Prehypertension 120-139 or 80-89 

Hypertension    

 Stage 1 140-159 or 90-99 

 Stage 2 = 160 or = 100 

BP = Blood pressure; SBP = Systolic blood pressure; DBP = Diastolic blood pressure. 

Source:  Chobanian AV, Bakris GL, Black HR et al. The Seventh Report of the Joint National 
Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure: the JNC 7 
report. JAMA 289(19):2560-72, 2003. 

 

Hypertension is classified into two major categories.  The majority of the 

cases represent primary (also called essential) hypertension, in which the 
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pathophysiologic etiology of the disease is unknown. 160  The remaining, fewer than 

five percent of hypertensive cases have secondary hypertension, in which renal 

dysfunction is often the cause of persistent high blood pressure.  Other, less common 

conditions, have also been associated with secondary hypertension, including 

adrenal tumor, Cushing’s syndrome, hyperthyroidism, primary aldosteronism, 

pregnancy, increased intracranial pressure, and coarctation of the aorta. 158 

2.3.2 Incidence and Prevalence 

Hypertension affects 20.4 percent of the U.S. adult population (aged 18-74 

years), or approximately 36.8 million individuals in the corresponding age category 

according to the third installment of the National Health and Nutrition Examination 

Survey (NHANES III) of 1988-91. 161;162  According to the most recent (1999-2000) 

estimates of the National Center for Health Statistics, more than 30 percent of the 

adult populatio n (aged 20 years and older) has high blood pressure, 3 affecting more 

than 50 million Americans. 156  The prevalence of hypertension steeply increases 

with age as shown in Figure 8.  Most people are diagnosed with hypertension in their 

third, fourth, and fifth decade of life.  While only about 38 percent at ages 50-59 

were diagnosed with hypertension, more than two-thirds of those greater than age 70 

have high blood pressure. 163  It has been concluded that in accordance with the 

aging of the population, the prevalence of hypertension will likely increase 

further.156 
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Figure 8.  Prevalence of Hypertension by Age, U.S., 1988-94 
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Source: National Heart, Lung, and Blood Institute.  Morbidity and Mortality: 2002 Chart Book on 
Cardiovascular, Lung, and Blood Diseases.  May, 2002. 

 

Furthermore, the prevalence of hypertension is higher in Blacks than in 

Whites or Mexican Americans in the adult U.S. population (Figure 9).  Except for 

Blacks, where the prevalence is similar in both genders (36.4% versus 36.9% for 

males and females, respectively), men are at higher risk to be diagnosed with 

hypertension.  About one-quarter of Whites and Mexican-American males (25.5% 

and 25.9%, respectively) between 20-74 ages have hypertension, compared to 

around one-fifth of White and Mexican-American females (19.7% and 22.3%, 

respectively) in the same age group. 163 
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Figure 9.  Prevalence of Hypertension by Race/Ethnicity and Gender, Ages 20-

74, U.S., 1988-94. 
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Source: National Heart, Lung, and Blood Institute.  Morbidity and Mortality: 2002 Chart Book on 
Cardiovascular, Lung, and Blood Diseases.  May, 2002. 

 

2.3.3 Morbidity and Mortality 

Hypertension is identified as the most significant contributing factor to 

cardiovascular complications in the United States.  Hypertension is the fifth on the 

National Heart Lung and Blood Institute’s (NHLBI) list of chronic conditions 

causing limitations of activity in the U.S.  In 2000, 3 million people were negatively 
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affected by hypertension in their activities. 164  The majority of patients with 

cardiovascular diseases have hypertension, as illustrated in Table 2 (individuals with 

multiple CVD are counted for each condition that applies to them): 

 

Table 2.  CVD Prevalence in the U.S. 

CVD Prevalence, U.S. 

Hypertension 50,000,000 

Coronary Heart Disease (CHD) 

 Acute Myocardial Infarction (AMI) 

 Angina Pectoris 

12,600,000 

 7,500,000 

 6,400,000 

Heart Failure 4,800,000 

Stroke 4,600,000 

Atrial Fibrillation 2,000,000 

Congenital Heart Defects 1,000,000 

Source: National Heart, Lung, and Blood Institute.  Morbidity and Mortality: 2002 Chart Book on 
Cardiovascular, Lung, and Blood Diseases.  May, 2002. 

 

Between 1989 and 1999, cardiovascular diseases ranked highly in the 

number of days of inpatient hospitalizations (30 million days of care in 1999). 165;166  

In addition, cardiovascular diseases accounted for 6.4 million hospitalizations in 

1999 and 60.4 million physician office visits. 167   

Similarly to diabetes, mortality statistics of hypertension are often 

misleading, as hypertension is usually not a distinct underlying cause of death; 



 52 

rather, a contributing factor.  As the NHLBI points out, its presence on death 

certificates is often the result of no diagnostic information at the time of death. 168  

Nevertheless, the two major risks of hypertension, CHD and stroke, are among the 

leading causes of death in the U.S.  The rate of death has been as high 350/100,000 

(CHD) and 100/100,000 (stroke) in the beginning of 1970; however, it has declined 

by the end of the millennium to 200/100,000 and 50/100,000, respectively. 169  In 

2000, 709,984 people died from heart disease (including 529,659 from CHD) and 

166,028 died from cerebrovascular disease (stroke), representing the first and the 

third leading causes of death. 170 

There is an increasing trend in cardiovascular mortality with age (Figure 10).  

In 1999, more than half of the population at age 85 and older died because of 

cardiovascular diseases. 169  According to the Framingham study with 36-year 

follow-up, the relative risk of cardiovascular events, coronary heart disease, stroke, 

and congestive heart failure is 2.4, 1.9, 4.0, and 3.7 for older compared to younger 

men with hypertension. 171 
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Figure 10.  Percent of All Deaths Due to Cardiovascular Diseases by Age, U.S., 

1999 
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Source: National Heart, Lung, and Blood Institute.  Morbidity and Mortality: 2002 Chart Book on 
Cardiovascular, Lung, and Blood Diseases.  May, 2002. 

 

In Texas, cardiovascular diseases accounted for 40 percent of all deaths and 

were the most common killers. 58  The age-adjusted death rates of CVD in Texas 

compared to other states are shown in  Figure 11.  Unfortunately, Texas had the 

lowest decrease in CVD mortality between 1986-88 and 1996-98 (Figure 12). 169 
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Figure 11.  Age-Adjusted Death Rates for Cardiovascular Diseases, by State, 

U.S., 1996-98 

 

Source: National Heart, Lung, and Blood Institute.  Morbidity and Mortality: 2002 Chart Book on 
Cardiovascular, Lung, and Blood Diseases.  May, 2002. 
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Figure 12.  Percent Decline in Age-Adjusted Death Rates for Cardiovascular 

Disease by State, U.S., 1986-88 to 1996-98 

 

Source: National Heart, Lung, and Blood Institute.  Morbidity and Mortality: 2002 Chart Book on 
Cardiovascular, Lung, and Blood Diseases.  May, 2002. 

 

2.3.4 Economic Burden 

The economic burden of hypertension to the American society has been 

estimated at $47.2 billion in 2002, of which lost productivity because of morbidity 

and mortality (when hypertension is the underlying cause) represent $6.7 and $6.1 

billion, respectively168 and direct cost represents $34.4 billion.  Cost of hypertension, 

as a secondary cause of cardiovascular morbidity and mortality was not included in 
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the above estimate, and is deemed to be even more striking. 172  Of the $34.3 billion 

direct cost of hypertension, most ($15.5 billion) was spent on prescription 

medication, followed by physician services (including physicians, clinics and other 

professional services), hospital care, nursing home care, and home health care at 

$8.6, $4.8, $3.7, and $1.7 billion, respectively (Figure 13). 

 

Figure 13.  Direct cost of hypertension in billions of dollars (U.S., 2002) 
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Source: National Heart, Lung, and Blood Institute.  Morbidity and Mortality: 2002 Chart Book on 
Cardiovascular, Lung, and Blood Diseases.  May, 2002. 
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2.3.5 Management 

Although awareness, treatment and control of hypertension have 

significantly improved during the past two decades in the United States, they are still 

suboptimal.  Estimates from the NHANES III (1988-94) show that 73 percent of 

people with hypertension were aware of their diagnosis, 55 percent received 

treatment, and 29 percent were classified as under good blood pressure control 

(Figure 14). 173  Although control rate in 1999-2000 increased to 34 percent, 156 it 

falls far short of the Healthy People 2010 goal of 50 percent. 174  The most recent 

national guideline blames the health care system for failing to translate current 

knowledge about hypertension into action. 156 
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Figure 14.  Awareness, Treatment, and Control of Hypertension, Ages 18-74, 

U.S., 1976-80, 1988-91, and 1991-94 
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Source: National Heart, Lung, and Blood Institute.  Morbidity and Mortality: 2002 Chart Book on 
Cardiovascular, Lung, and Blood Diseases.  May, 2002. 

 

Next, the latest national guideline (JNC 7) on the management of 

hypertension will be overviewed, followed by a summary of nonpharmacological 

and pharmacological treatment options with specific focus on the relationship 

between antihypertensive therapies and carbohydrate metabolism. 
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2.3.5.1 National Guideline 

Recent national and international recommendations have been published in a 

widespread attempt to control the epidemic of hypertension.  The common goals of 

these guidelines are to classify stages of hypertension and to recommend therapy 

based on current evidence from long-term morbidity and mortality trials.   

The National Heart Lung and Blood Institute (NHLBI) has been publishing 

its guidelines for 30 years through the National High Blood Pressure Education 

Program (NHBPEP) Coordinating Committee.  The most recent guideline, the 

Seventh Report on the Joint Committee on Prevention, Detection, Evaluation, and 

Treatment of High Blood Pressure (JNC 7), was released on May 14, 2003. 156  In 

general, a more aggressive approach has been recommended both in the diagnosis 

and the treatment of hypertension.   

Since its previous publication in 1997, new evidence has emerged from 

published observational and clinical trials.  The committee realized the urgency for 

new and clear guidelines, as well as the need for simplified classification of blood 

pressure that are useful for clinicians in their practice.  As current control rates 

(34%) lag far behind the Healthy People 2010 goal of 50 percent and almost one-

third (30%) of people with hypertension are still unaware of their condition, updated 

guidelines were deemed necessary. 156  Compared to JNC 6, normal (<130 / <85) and 

high normal (130-139 / 85-89) categories have been combined to the new 

“prehypertension" stage (120-139 / 80-89).  The new classification will result in 
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identifying additional people “at risk” for long-term CV complications, who were 

previously considered “normal.” 156  In addition, stages 2 and 3 in JNC 6 have been 

combined to stage 2 in JNC 7 as shown in Table 3. 

 

Table 3.  Changes in the Classification of Hypertension (1997-2003) 

Blood Pressure, mmHg Blood Pressure, mmHg JNC 6 
Categories SBP DBP 

JNC 7 
Categories SMP DBP 

Optimal <120 and <80    

Normal <130 and <85 Normal <120 and <80 

High-normal 130-139 or 85-89 Prehypertension 120-139 or 80-89 

Hypertension   Hypertension   

 Stage 1 140-159 or 90-99  Stage 1 140-159 or 90-99 

 Stage 2 160-179 or 100-109  Stage 2 =160 or =100 

 Stage 3 =180 =110    

SBP = systolic blood pressure; DBP = diastolic blood pressure. 

Sources: Chobanian AV, Bakris GL, Black HR et al. The Seventh Report of the Joint National 
Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure: the JNC 7 
report. JAMA 289(19):2560-72, 2003; and The sixth report of the Joint National Committee on 
prevention, detection, evaluation, and treatment of high blood pressure. Arch Intern Med 1997; 
157(21):2413-2446. 
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The following “key messages” are conveyed by JNC 7: 156 

1. Among persons of more than 50 years old, SBP is a more important 

risk factor for cardiovascular disease (CVD) than diastolic blood 

pressure; 

2. Beyond SBP/DBP of 115/75 mmHg, the risk for CVD doubles with 

every 20 mmHg increment in SBP or 10 mmHg increment in DBP; 

3. Normotensive individuals at the age of 55 have a 90 percent 

likelihood of developing hypertension in their lifetime; 

4. The goal of antihypertensive therapy is SBP/DBP 130/80 mmHg for 

people with diabetes or chronic renal failure, whereas 140/90 mmHg 

for others.  Additional goal of less than 125/75 mmHg has been 

recommended for patients with renal failure and proteinuria greater 

than 1g/24 h, based on multiple outcome studies. 175 

5. Health-promoting lifestyle modification is recommended for each 

individual with prehypertension; 

6. The first-line pharmacological treatments for uncomplicated 

hypertension are thiazide-type diuretics (either alone or in 

combination with other regimens); 

7. Most people with hypertension will require two or more medications 

to achieve the above identified blood pressure goal; 
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8. If blood pressure is uncontrolled (i.e., above the SBP goal by 20 

mmHg or the DBP goal by 10 mmHg), consideration should be given 

to utilize two agents, one of which is a thiazide-type diuretic ; 

9. High risk conditions have been identified, for which compelling 

indication exists to use specific antihypertensive medications; i.e., 

heart failure (diuretic, beta-blocker, angiotensin converting enzyme 

inhibitor (ACEI), angiotensin II receptor blocker (ARB), and 

aldosterone agonist), post-myocardial infarction (beta-blocker, 

ACEI, aldosterone agonist), high coronary disease risk (diuretic, 

beta-blocker, ACEI, and calcium channel blocker), diabetes (diuretic, 

beta-blocker, ACEI, ARB, calcium channel blocker), chronic kidney 

disease (ACEI and ARB), and recurrent stroke prevention (diuretic 

and ACEI); and 

10. Patient self-management is key to achieve the strict blood pressure 

goals identified, therefore, the importance of clinicians’ empathy has 

been emphasized, as it may build trust and motivate the patient. 

In general, adherence to previous guidelines has been suboptimal; even 

though researchers of the ‘Antihypertensive and Lipid-Lowering Treatment to 

Lower Heart Attack Trial (ALLHAT)’, the largest prospective investigation that has 

been conducted with antihypertensive medications as of today, concluded that blood 

pressure levels can be reduced close to the target recommendations in the majority of 
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the participants (90% achieved DBP < 90 mmHg; 66% achieved SBP < 140 mmHg; 

and 60% achieved <140/90 mmHg blood pressure control).176  Physicians seem to be 

reluctant to follow published guidelines.  Certainly, guidelines are successful only if 

supported by intensive guideline-based education and supervision. 177 

Despite the consistent recommendations of using diuretics or beta-blockers 

as the first line of antihypertensive therapy, medical practices in the United States 

have shown a different trend.  Since 1986, the use of ACEIs and CCBs increased, 

whereas diuretics and beta-blockers decreased continuously.  According to estimates 

from the 1996 Medical Expenditure Panel Survey, almost twice as many 

noninstitutionalized patients with essential hypertension used only ACEIs or CCBs 

(7.3 million), compared to the number of those who used only diuretics or beta-

blockers (3.1 million). 172  In summary, there appears to be a significant gap between 

expert recommendations and general practice in the treatment of hypertension.  

Therefore, the main goal of the latest national guideline was clarity.  In the following 

section, therapeutic options (nonpharmacological and pharmacological) will be 

discussed with primary focus on medications’ effects on carbohydrate metabolism. 

2.3.5.2 Nonpharmacological Therapy 

Adoption of a healthy lifestyle is an indispensable part of hypertension 

management. 156  It has been shown to decrease blood pressure, strengthen the effect 

of pharmacological therapy, and decrease the risk of CVD.  Lifestyle modification 

may include weight reduction, diet (rich in fruits, vegetables, low-fat dairy products, 
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and low in sodium and alcohol consumption), and exercise (Table 4).  The JNC 7 

guidelines postulate that the combination of two or more of these lifestyle 

modifications can achieve even better results. 156 

 

Table 4.  Lifestyle modifications to manage hypertension 

Modification Recommendation 
Approximate reduction in 
SBP, rangea 

Weight reduction Maintain normal body weight 
(BMI: 18.5-25.9) 

5-20 mmHg/10-kg weight 
loss. 178;179 

Adopt DASH eating 
plan 

Consume a diet rich in fruits, 
vegetables, and low-fat dairy 
products with a reduced content of 
saturated and total fat 

8-14 mmHg180;181 

Dietary sodium 
reduction 

Reduce dietary sodium intake to 
no more than 100 mEq/L (2.4g 
sodium or 6g sodium chloride) 

2-8 mmHg180-182 

Physical activity 

Engage in regular aerobic physical 
activity such as brisk walking (at 
least 30 minutes per day, most 
days of the week) 

4-9 mmHg183;184 

Moderation of alcohol 
consumption 

Limit consumption to no more 
than 2 drinks per day in most men 
and no more than 1 drink per 
women and lighter-weight persons 

2-4 mmHg185 

Smoking cessation For overall reduction in cardiovascular 
risk, stop smoking N/A 

BMI = body mass index; SBP = systolic blood pressure; DASH = dietary approaches to stop 
hypertension; 
aThese effects are dose and time dependent and could be higher for some individuals.   

Source:  Chobanian AV, Bakris GL, Black HR, et al. The Seventh Report of the Joint National 
Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure: the JNC 7 
report. JAMA.289(19):2560-72, 2003. 
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2.3.5.3 Pharmacological Therapy 

Antihypertensive medication is necessary if lifestyle modifications fail to 

normalize patients’ blood pressure.  Although information is lacking on the benefit 

of pharmacotherapy in prehypertension, its benefit in the hypertensive stage one is 

unequivocal.  In the presence of target organ damage (e.g., left ventricular failure, 

atherosclerotic heart disease, cerebrovascular insufficiency with or without stroke, 

and renal failure) or other risk factors (e.g., smoking, dyslipidemia, diabetes 

mellitus, age >60 years, male sex, and family history of premature cardiovascular 

disease), or when blood pressure readings are higher than 160/100 mmHg, drug 

therapy is recommended without delay. 160  Five major classes of antihypertensive 

drugs have been shown to reduce the complications of hypertension through BP 

control: thiazide-type diuretics, beta-blockers, calcium channel blockers (CCB), 

angiotensin-converting enzyme inhibitors (ACEIs), and angiotensin II receptor 

blockers (ARBs). 156 

As highlighted by the JNC 7, diuretics and beta-blockers represent the 

primary medications of choice, unless these drugs are contraindicated, or compelling 

evidence exists in favor of another medication.  Furthermore, if diuretics or beta-

blockers are ineffective, the other classes of antihypertensive medications may be 

suitable for initial therapy, such as CCBs, ACEIs, ARBs, alpha1-adrenergic blockers, 

central alpha2-agonists, and peripheral adrenergic antagonists.  The selection of 

antihypertensive agent should be guided by the race/ethnicity and age of the patient 
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as well as coexisting medical problems that may exclude or compel the use of certain 

medications.  For example, Black patients responded best to CCBs (e.g., diltiazem) 

and White patients to beta-blockers (e.g., atenolol), while hydrochlorothiazide was 

more effective in older patients than in their younger counterparts in both race/ethnic 

groups.  Similarly, while beta-blockers are contraindicated for patients with asthma, 

ACEIs are beneficial for patients with renal disease to delay the progression of the 

problem. 160 

Preferably, antihypertensive therapy should be initiated with a single 

medication, unless hypertension is severe.  If the initial therapy is only partially 

effective and does not impose intolerable side effects on the patient, the dose of the 

initial medication may be increased, or a second drug can be added, from another 

class.  For example, central acting sympathetic inhibiting drugs (i.e., doxazosin, 

prazosin, and terazosin) are not recommended as initial therapy, but are well-suited 

in low doses to be used in combination therapy. 

Finally, the treatment of hypertension in the elderly differs in a number of 

ways from the treatment of younger adults.  Because of the natural changes that 

occur with aging, older patients need to be treated cautiously, with the admonition of 

“start slow and go slow.” 186  Kaplan described the following algorithm (Figure 15) 

for the treatment of hypertension in the elderly.  One needs to keep in mind that most 

elderly patients have one or more compelling indications listed in JNC 7. 4  Most 

elderly have isolated systolic hypertension, 187 which makes them strong candidates 
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for diuretics as initial therapy and long-acting dihydropyridine (DHP) calcium 

blocker as alternative or, more commonly, as an appropriate second agent.  Also, as 

the combination of a thiazide diuretic (indapamide) and ACEI (perindopril) reduced 

recurrent strokes by 43 percent in the PROGRESS trial, their use is also supported in 

this vulnerable patient population. 188   
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Figure 15.  Treatment algorithm for the elderly hypertensive patients 

 

Source: Kaplan NM. Drug therapy. In: Kaplan NM, editor. Hypertension in the elderly. London: 
Martin Dunitz Ltd., 2002: 71-81. 
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2.3.5.3.1 Diuretics 

Representative medications of diuretics indicated for the treatment of 

essential hypertension are shown in Table 5, including thiazide, loop, and potassium 

sparing diuretics.  The antihypertensive action of diuretics stems from their modest 

reduction of plasma volume and a decrease in vascular reactivity, possibly by 

shifting sodium (Na) from intra- to extracellular spaces.   

Thiazide diuretics represent the first line therapy in uncomplicated 

hypertension, as the majority of scientific evidence for reductions in stroke, 

congestive heart failure, myocardial infarction, and other cardiovascular events has 

been collected in clinical trials using these medications. 156   
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Table 5.  Diuretics 

Class Drug (example 
brand) 

Usual dose 
range, mg/ day 
(max. dose) 

Daily 
frequency 

Other labeled 
Indication(s)a 

Half life, 
elimination 
(hrs) 

Metabolic adverse 
effectsb 

Chlorthalidone 
(Hygroton)c 

12.5-25 (50) 1 40 

Hydrochlorothiazide 
(HydroDIURIL)c 

1.25-2.5 (5) 1 5.6 to 14.8 

Indapamide (Lozol)c 1.25-2.5 (5) 1 ~14 

Metolazone 
(Mykrox) 

0.5 (1) 1 no data 

Thiazide 
diuretics 

Metolazone 
(Zaroxolyn) 

2.5 (5) 1 

Edema 
(adjunct 
therapy) 

no data 

§ Hyperglycemia and 
glycosuria in diabetics 

§ Effect on the incidence of 
diabetes appears to be neutral 

§ Hyperglycemia and impaired 
glucose tolerance is 
reversible by discontinuation 

§ Triglycerides and total 
cholesterol levels may 
increase 

Bumetanide 
(Bumex)c 

0.5-2 (10) 2 1-1.5 

Furosemide (Lasix)c 20-80 (320) 2 ~2 

§ Hyperglycemia (7%), 

§ Glycosuria, proteinuria 
(<1%) 

§ Increased serum total 
cholesterol and triglycerides 

Loop 
diuretics 

Torsemide 
(Demadex) 

2.5-5 (10) 1 

Edema 

3.5 § None 
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Table 5.  Diuretics continued 

Class Drug (example 
brand) 

Usual dose 
range, mg/ 
day (max. 
dose) 

Daily 
frequency 

Other labeled 
Indication(s)a 

Half life, 
elimination 
(hrs) 

Metabolic adverse 
effectsb 

Amiloride (Midamor)c 5 (10) 1 or 2 6 to 9 

Amiloride/HCTZd 
(Moduretic)c 

 1 or 2  

Spironolactone 
(Aldactone)c 

25-50 (100) 2 or 3 20 

Spironolactone/HCTZd 
(Aldactazide)c 

 2 or 3  

Triamterene 
(Dyrenium) 

50-100 (150) 1 or 2 3 

Potassium-
sparing 
diuretics 

Triamterene/HCTZd 
(Dyazide)c 

 1 or 2 

Edema 
(adjunct 
therapy) 

 

§ Hyperkalemic effect of 
amiloride, as a result of 
metabolic acidosis 

§ Metabolic or respiratory 
acidosis among patients 
with cardiopulmonary 
disease or uncontrolled 
diabetes 

a Other than essential hypertension 
b Applied to all representatives of the medication class, unless indicated otherwise 
c Available in generic form 
d HCTZ = hydrochlorothiazide 
 
Sources: Killion KH, Kastrup RM. Drug Facts and Comparisons. 57th edition ed. St. Luis, Missouri: Wolters Kluwer, 2003.; Carter BL, Saseen JJ. Hypertension. In: DiPiro JT, 
Talbert RL, Yee GC, Matzke GR, Wells BG, Posey LM, editors. Pharmacotherapy.  A pathophysiologic approach. McGraw-Hill, 2002: 157-183.; American Society of Health-
System Pharmacists. AHFS Drug Information 2003. Bethesda, MD: American Society of Health-System Pharmacists, Inc., 2003. 

 



 72 

All thiazide diuretics appear to be equally effective.  Thiazide diuretics (i.e., 

hydrochlorothiazide, metolazone, indapamide), and loop diuretics (i.e., furosemide, 

bumetanide, ethacrynic acid, and torsemide) are preferred in patients with chronic 

renal failure.  On the other hand, potassium supplementation or the use of K-sparing 

diuretics (i.e., spironolactone, triamterene, amiloride) are the preferred agents for 

patients who are also taking digitalis, have known heart disease, have an abnormal 

ECG, have ectopy or arrhythmias, or develop ectopy or arrhythmias while taking the 

diuretic.  In general, the antihypertensive effectiveness of potassium sparing 

diuretics is less profound compared to the thiazides.   

Besides their profound beneficial effects, diuretics also have several adverse 

effects, including those related to metabolism (i.e., hypokalemia, hypomagnesemia, 

hyperuricemia, hyperglycemia, hypercalcemia, and hyperlipidemia).  Cholesterol 

(mainly LDL fraction) and triglyceride levels have been elevated by the use of 

thiazides and related diuretics in susceptible patients.  This effect is more 

pronounced among patients with normal lipid panel and was resolved by low-fat 

diet; thus, this has been of limited clinical importance.  In a meta-analysis, Kasiske 

et al. investigated the effects of antihypertensive medications on serum lipids and 

found that diuretics caused relative increases in cholesterol levels (0.13 mmol/L) that 

were greater with higher doses and worse in Blacks than in non-Blacks. 189   

In the elderly, metabolic changes were apparent during the 3-year timeframe 

of the Systolic Hypertension in the Elderly (SHEP) trial: fasting glucose (+3.6 
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mg/dl), total cholesterol (+3.5 mg/dl), HDL cholesterol (-0.77 mg/dl), and 

triglycerides (+17 mg/dl). 190  New-onset diabetes occurred more frequently in the 

study group compared to the placebo group, although the difference was not 

statistically significant: 8.6% and 7.5%, respectively. 

Several other clinical studies also showed an increase in glucose levels after 

10 weeks (5 mg/dl), 191 1 year (7 mg/dl), 192 and 2 years of thiazide therapy (9 

mg/dl). 193;194  In addition, cases have been reported of the relationship between 

thiazide diuretics and glucose intolerance since the introduction of chlorothiazide in 

1957. 195;196  For example, a small study concluded that thiazide diuretic 

(chlorthalidone, 25mg/day) may induce hyperglycemia and hyperinsulinemia and 

suggested that potassium depletion may have been involved in the process.  Finally, 

chlorthalidone was associated with insulin resistance, especially in subjects who 

became hypokalemic. 197   

Contradictory findings have also been reported in the literature.  In a 

population-based observational study, the investigators assessed the development of 

diabetes in 2,295 hypertensive cases and 2,280 matched normotensive controls after 

an average of eight year follow-up. 17  The authors determined the incidence of 

diabetes in the two subgroups of patients with hypertension: those taking diuretics 

versus those not on this treatment.  The increased incidence of diabetes was only 

marginally higher among both men and women taking diuretics and the differences 
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were not statistically significant (5.83 vs. 4.79 and 6.40 vs. 5.53 per 1,000 men and 

women, respectively).   

Correspondingly, a case-control study using the New Jersey Medicaid 

program, Gurwitz et al. found no difference between thiazide diuretics and other 

antihypertensive therapies (i.e., ACEIs, central apha2-agonists, peripherally acting 

antiadrenergic agents, beta-blockers, calcium antagonists, and vasodilators) in the 

development of diabetes. 41  New-onset diabetes was identified by existing 

prescription of oral hypoglycemic agent (OHA) to the patient.  The validity of the 

above findings is limited by the lack of control for several diabetes-related variables, 

such as blood pressure, BMI, lipid profile, family history of diabetes, and physical 

activity level.  Furthermore, the known risk of diabetes with thiazide diuretics might 

have “channeled” high-risk patients to receive other medications.  Finally, 

physicians might have addressed increased glucose levels by other measures than 

OHA therapy (e.g., dose reduction, correction of thiazide-induced hypokalemia, or 

change in antihypertensive medication), all of which would underestimate the risk of 

diabetes associated with thiazide use. 

In summary, the above metabolic adverse effects are generally infrequent 

and apparent only at high doses.  Furthermore, as glucose intolerance is most marked 

among those in whom serum potassium decreased, 193 potassium supplementation 

may prevent the development of diabetes in thiazide-treated patients. 198;199  The 

potential negative effects of thiazide diuretics on carbohydrate metabolism are 
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deemed to be clinically insignificant and preventable by lowering the dose, 

switching to another therapy, and/or initiating potassium supplementation.  

Altogether, clinical trial data support the use of low-dose diuretics in the elderly, 

while monitoring their metabolic effects may be warranted. 186 

2.3.5.3.2 Beta-blockers (BB) 

Representative medications of beta-blockers indicated for the treatment of 

essential hypertension are shown in Table 6.  Besides thiazide diuretics, beta-

blockers represent first-line therapy in uncomplicated hypertension. 156  Comparable 

antihypertensive efficacy has been found among the different beta-blocker 

preparations.   
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Table 6.  Beta-blockers 

Class Drug (example 
brand) 

Usual dose 
range, mg/ day 
(max. dose) 

Daily 
frequency 

Other labeled 
Indication(s)a,b 

Half-life, 
elimination 
(hrs) 

Metabolic adverse 
effectsb 

Atenolol 
(Tenormin)c 

25-50 (100) 1 6-7 

Betaxolol 
(Kerlone) 

5-20 (40) 1 14-22 

Bisoprolol (Zebeta) 2.5-10 (20) 1 9-12 

Metoprolol 
(Lopressor)c 

50-100 (200) 1 or 2 3-7 

Beta-
Adrenergic 
Blocking 
Agents 
(Cardio-
selective) 

Metoprolol 
extended release 
(Toprol XL)d 

50-100 (200) 1 

Angina pectoris 
MI (atenolol, 
nadolol, 
propranolol) 

Angina 
pectoris, MI, 
CHFe 

(metoprolol) 

 

§ 28% increased risk for the 
development of type 2 
diabetes (incidence: 33.6 
per 1,000 person-years) 

§ Hypoglycemia may also 
occur 

§ May mask signs and 
symptoms of 
hypoglycemia (e.g., 
palpitation, tachycardia, 
tremor) 

§ May potentiate insulin-
induced hypoglycemia 

§ Less likely to mask 
symptoms of 
hypoglycemia than non-
cardioselective beta-
blockers 

§ 15-30% reduction in 
insulin sensitivity in 
selective beta-blockers 
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Table 6.  Beta-blockers continued 

Class Drug (example 
brand) 

Usual dose 
range, mg/ 
day (max. 
dose) 

Daily 
frequency 

Other labeled 
Indication(s)a,b 

Half-life, 
elimination 
(hrs) 

Metabolic 
adverse  
effectsb 

Nadolol (Corgard)c 40-80 (240) 1 20-24  

Propranolol 
(Inderal)c 

40-120 (240) 2 3-5  

Propranolol long-
acting (Inderal 
LA)c 

60-120 (240) 2 8-11  

Beta-
Adrenergic 
Blocking 
Agents (Not 
Cardio-
selective) 

Timolol 
(Blocadren)c 

10-40 (60) 1 

Cardiac 
arrhythmias, MI, 
Pheochromocytoma, 
Migraine 
prophylaxis, 
Hypertrophic 
Subaortic stenosis 
(propranolol) 

MI, Migraine 
prophylaxis 
(timolol) 

4  

MI: myocardial infarction 
a Other than essential hypertension 
b Applied to all representatives of the medication class, unless indicated otherwise 
c Available in generic form 
d for Toprol XL 25mg only 
e Congestive Heart Failure 
 
Sources: Killion KH, Kastrup RM. Drug Facts and Comparisons. 57th edition ed. St. Luis, Missouri: Wolters Kluwer, 2003.; Carter BL, Saseen JJ. Hypertension. In: DiPiro JT, 
Talbert RL, Yee GC, Matzke GR, Wells BG, Posey LM, editors. Pharmacotherapy.  A pathophysiologic approach. McGraw-Hill, 2002: 157-183.; American Society of Health-
System Pharmacists. AHFS Drug Information 2003. Bethesda, MD: American Society of Health-System Pharmacists, Inc., 2003. 
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In the management of hypertension in patients with chronic obstructive 

pulmonary disease (COPD), or type 1 diabetes, many clinicians prefer the use of 

low-dose beta-selective agents (i.e., atenolol, betaxolol, bisoprolol, and metoprolol), 

rather than non-selective agents (i.e., nadolol, propranolol, and timolol).  Several 

adverse events are associated with the use of beta-blockers, including CNS side 

effects (e.g., sleep disturbances, fatigue, and lethargy), sexual dysfunction, and 

adverse metabolic effects.  Patients treated with beta-blockers had increased risk for 

impaired glucose tolerance, decreased HDL, increased total cholesterol, and 

triglycerides.  However, beta-blockers with intrinsic sympathomimetic activity (i.e., 

acebutolol, carteolol, penbutolol, and pindolol) appear to have less effect on serum 

lipids. 189 

Regarding their effect on carbohydrate metabolism, three small randomized 

trials compared the effect of a beta-blocker (atenolol) to an alpha1-adrenergic blocker 

(doxazosin), 200 a calcium antagonist (nifedipine), 201 and another beta-blocker 

(metoprolol). 202  In the study comparing atenolol to doxazosin, patients treated with 

atenolol tended to have decreased insulin sensitivity after 3 months of therapy. 200  

The effect was not statistically significant, likely because of the small sample size 

(n=29) and the short timeframe of the study.  A subgroup of patients, treated with 

doxazosin (n=18), were followed-up for 12 months.  In this subgroup, insulin 

sensitivity increased significantly, as well as the basal and late insulin response to 

glucose tolerance tests.  These beneficial metabolic effects were more pronounced 
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among “high-risk” patients (i.e., high triglycerides, low HDL levels, and high fasting 

blood glucose). 200 

Insulin resistance appeared to increase in patients treated with atenolol and 

decrease among those treated with nifedipine during the 4-month treatment of 24 

antihypertensive patients. 201  Specifically, while plasma glucose levels did not 

change, insulin concentrations were higher with atenolol treatment.  On the other 

hand, glucose levels were lower, while insulin concentrations were the same among 

patients treated with nifedipine.  It is necessary to mentio n that the observed 

difference in insulin-simulated glucose disposal was modest, so the clinical effect of 

the observed metabolic changes remains to be answered. 201 

In the third trial, insulin resistance decreased among patients taking both 

metoprolol and atenolol in a small randomized trial of 60 hypertensive patients.202  

Measured by euglycemic hyperinsulinemic clamp technique, glucose uptake 

decreased from 5.6 to 4.5 mg/kg/min among patients taking metoprolol and from 5.6 

to 4.9 mg/kg/min among patients taking atenolol during the four-month study period.  

In addition, both medications increased fasting plasma insulin and blood glucose 

concentrations as well as hemoglobin A1C concentration by small amounts.  In 

summary, the 20 and 13 percent decrease in insulin sensitivity that was associated 

with metoprolol and atenolol seem to be important even in this small study with 

short duration. 202 
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Overall, it appears that patients taking beta-blockers are consistently 

experiencing negative effects on carbohydrate metabolism, which increases their risk 

to develop diabetes.  The effect appeared to be most pronounced among high-risk 

patients, who already possess some factors of the metabolic syndrome.  Other 

clinical observations suggest that beta-blockers and/or thiazide diuretics may 

decrease insulin sensitivity, whereas alpha1-adrenergic blockers, central alpha2-

agonists, and ACEIs improve insulin sensitivity. 203  As insulin resistance may be an 

antecedent of type 2 diabetes, it is expected that in the long-run these medications 

may play a role in the incidence of diabetes.   

2.3.5.3.3 The effect of diuretics and beta-blockers on glucose metabolism 

Some investigators have combined thiazide diuretics and beta-blockers in 

their analysis to investigate the effect of these drugs on glucose metabolism.  In a 

prospective population-based study from Kuopio, Finland, hypertensive elderly 

patients treated with thiazide diuretics, beta-blockers, or both had 1.88 increased risk 

to develop type 2 diabetes compared to their normotensive counterparts during the 

3.5-year study period. 154  Using hypertensive patients NOT treated with 

diuretics/beta-blockers as a comparison group, the excess risk was 1.56. 

After adjustment for age, gender, BMI, waist-to-hip ratio, and fasting 

glucose and insulin levels, the relative risk was 1.56 for those taking diuretics/beta-

blockers; nevertheless, after further adjustment for 2-h glucose and insulin levels, the 

incidence of type 2 diabetes did not differ between the two groups.  As hypertensive 
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patients taking diuretics/beta-blockers had increased glucose and insulin 

concentrations at baseline, the authors suggest that these antihypertensive agents 

may have increased the risk of diabetes through worsening insulin sensitivity. 154  

Nevertheless, the study was not designed to test this hypothesis.  Also, the timeframe 

of the baseline examination (1986-88) excluded calcium antagonists, ACEIs, or 

ARBs from the analysis, as these agents were not widely used at that time.  Very 

similar findings were reported by the investigators of the 8-year, population-based 

San Antonio Heart Study, which included Mexican Americans and non-Hispanic 

Whites. 153 

Somewhat conflicting results were reported from Sweden as well.  A 10-year 

population-based study of men from Uppsala showed that treatment with beta-

blocker, diuretic, or hydralazine was an independent risk factor for new-onset 

diabetes. 16  The researchers controlled for glucose and insulin levels, insulin 

increment from baseline, BMI, and systolic blood pressure in the logistic regression 

analysis.  Another, 15-year investigation (The Primary Prevention Trial) of 686 

middle-aged hypertensive men was conducted in the city of Göteborg. 204  The 

relative risk for developing diabetes was significantly higher among patients taking 

non-selective beta-blockers (i.e., alprenolol, propranolol, and oxprenolol) compared 

to those taking thiazide diuretics (i.e., bendroflumethiazide, chlorthalidone, and 

hydrochlorothiazide).  These relative risks during the 15-year study period were 2.09 

(95% CI: 1.32-3.29) for patients taking beta-blockers and 0.88 (95% CI: 0.58-1.32) 



 82 

for patients on diuretics.  Many patients in the thiazide diuretic group also received 

potassium supplementation, which may have been the reason for the lower risk of 

diabetes in this group. 198  Regarding the results with beta-blocker therapy, the 

investigators theorized that treatment with beta-blockers may trigger the 

development of diabetes more easily in predisposed populations characterized by 

higher blood pressure levels as a consequence of insulin resistance.  Indeed, patients 

in the beta-blocker group had significantly higher systolic blood pressure readings at 

baseline.  Again, the timeframe of these Swedish investigations exclude calcium 

antagonists, ACEIs, or ARBs from the analysis, as these agents were not yet widely 

used.   

Finally, in a recent observational study, the risk of diabetes was associated 

with beta-blockers, but not with diuretics. 147  The relative hazard to develop diabetes 

was 0.91 (95% CI: 0.73-1.13) for patients taking thiazide diuretics, while it was 1.28 

(95% CI: 1.04-1.57) for those on beta-blockers.  Thus, in this large (N=12,550), 

middle-aged cohort (between 45 to 64 years old), the use of beta-blockers appeared 

to increase the risk of diabetes, but thiazide diuretics did not.  Major limitations of 

this study were lack of control for important aspects of antihypertensive therapy, 

such as medication compliance and duration of therapy as well as medication/dose 

changes.  Furthermore, it has been argued that the dose of diuretics in this 

investigation was lower than in earlier studies, which might explain the conflicting 

findings. 157 
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2.3.5.3.4 Calcium Antagonists 

Calcium antagonists are potent vasodilators; therefore, they lower blood 

pressure by reducing the total peripheral resistance (TPR).  Representative 

medications of calcium blockers indicated for the treatment of essential hypertension 

are shown in Table 7.  Similarly to beta-blockers, the non-dihydropyridine members 

of this class (i.e., verapamil and diltiazem) have negative inotropic effect on 

myocardial contractility.  Dihydropyridine calcium agonists (i.e., amlodipine, 

felodipine, isradipine, nicardipine, nifedipine, and nisoldipine) are more potent 

vasodilators and have less inotropic effect; however, their superior short-term 

effectiveness is less apparent in the long-run.  Also, dihydropyridine calcium 

blockers have been associated with reflex tachycardia.  Short-acting nifedipine has 

also been associated with increased risk of myocardial infarction and increased all 

cause mortality; therefore long-acting calcium blockers are preferred in the treatment 

of hypertension. 205  Very few metabolic effects have been associated with calcium 

blocker therapy and they do not appear to be clinically important. 160 
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Table 7.  Calcium Antagonists 

Class Drug (example 
brand) 

Usual dose 
range, mg/ 
day (max. 
dose) 

Daily 
frequency 

Other labeled 
Indication(s)a 

Half-life, 
elimination 
(hrs) 

Metabolic 
adverse effectsb 

Diltiazem 
extended release 
(Cardizem CD, 
Dilator XR)c 

180-240 (360) 1 Angina 
pectoris 
(vasospastic 
and chronic 
stable) 

5-7 

Verapamil, 
immediate release 
(Calan, Isoptin)c 

80-360 (480) 2 Angina 
pectoris 
(vasopastic, 
chronic 
stable, and 
unstable), 
Arrhythmias 

3-7d 

Verapamil long-
acting (Calan SR, 
Isoptin SR)c 

120-360 (480) 1 or 2   

Calcium 
Channel 
Blocking 
Agents (Non-
dihydropi-
ridines) 

Verapamil 
controlled onset 
extended release 
(Covera-HS) 

120-360 (480) 1   

§ Hyperglycemia 
has been 
reported 
(diltiazem, 
nicardipine), 
although it 
appears to be 
clinically 
insignificant 
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Table 7.  Calcium Antagonists continued 

Class Drug (example 
brand) 

Usual dose 
range, mg/ 
day (max. 
dose) 

Daily 
frequency 

Other labeled 
Indication(s)a 

Half-life, 
elimination 
(hrs) 

Metabolic 
adverse 
effectsb 

Amlodipine (Norvasc) 2.5-5 (10) 1 Angina pectoris 
(vasospastic and 
chronic stable) 

30-50  

Felodipine (Plendil) 5-10 (20) 1  11-16  

Isradipine (DynaCirc) 2.5-5 (10) 2  8  

Nicardipine (Cardene)c 60-90 (120) 3 Angina pectoris 
(chronic stable) 

2-4  

Nicardipine sustained 
release (Cardene SR) 

60-90 (120) 2  2-5  

Nifedipine long-acting 
(Adalat CC, Procardia 
XL) 

30-60 (90) 1 Angina pectoris 
(vasospastic) 

  

Calcium Channel 
Blocking Agents 
(Dihydropiridines) 

Nisoldipine (Sular) 10-40 (60) 1  7-12  
a Other than essential h ypertension 
b Applied to all representatives of the medication class, unless indicated otherwise 
c Available in generic form 
d 4.5 to 12 hours with multiple dosing; may be prolonged in the elderly 

Sources: Killion KH, Kastrup RM. Drug Facts and Comparisons. 57th edition ed. St. Luis, Missouri: Wolters Kluwer, 2003.; Carter BL, Saseen JJ. Hypertension. In: DiPiro JT, 
Talbert RL, Yee GC, Matzke GR, Wells BG, Posey LM, editors. Pharmacotherapy.  A pathophysiologic approach. McGraw-Hill, 2002: 157-183.; American Society of Health-
System Pharmacists. AHFS Drug Information 2003. Bethesda, MD: American Society of Health-System Pharmacists, Inc., 2003. 
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2.3.5.3.5 Angiotensin Converting Enzyme Inhibitors (ACEI) 

To understand the mechanism of action of ACEIs, it is important to 

understand the renin-angiotensin-aldosterone system (RAAS).  The enzyme called 

renin is released from the kidney in response to low blood pressure and increased 

sympathetic stimulation.  Renin breaks down angiotensinogen into angiotensin I 

(inactive), which is further transferred by angiotensin converting enzyme (ACE) to 

angiotensin II (active).  Angiotensin II interacts with AT1 receptors, causing 

vasoconstrictions and the release of aldosterone, resulting in increased blood 

pressure.  ACEIs prevent the production of angiotensin II and, through a separate 

mechanism, inhibit the degradation of bradykinin (Figure 16).  ACEIs increase 

bradykinin levels through inhibition of kininase II-mediated degradation. 206  As 

bradykinin is a vasodilator, its increased production results in further blood pressure 

lowering; however, it is also responsible for the most frequent side-effect of ACEIs: 

the production of dry cough.  Thus, ACEIs decrease peripheral vascular resistance, 

without causing reflex tachycardia. 160   
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Figure 16.  The Renin-Angiotensin-Aldosterone System (RAAS) 

 

 

 

 

 

 

 

ACE = Angiotensin Converting Enzyme; AT: Angiotensin 

Source: Barnett AH. Clinical Management of Hypertension in Diabetes. London: Martin Dunitz, 2002. 

 

Representative medications of ACEIs indicated for the treatment of essential 

hypertension are shown in Table 8.  ACEIs have a favorable adverse effect profile.  

Besides causing dry cough, they are less likely to cause sexual dysfunction among 

hypertensive males.  Angioedema is their most severe adverse effect, which can be 

life-threatening if it involves the oropharyngeal area.  Although this side effect is 

very rare, angioedema occurs more frequently after the first dose of therapy: 

between 0.1 percent (lisinopril) and approximately 0.5 percent (benazepril). 207 
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Table 8.  Angiotensin Converting Enzyme Inhibitors (ACEI) 

Class Drug 
(example 
brand) 

Usual dose 
range, mg/ day 
(max. dose) 

Daily 
frequency 

Other labeled 
Indication(s)a 

Half-life, 
elimination 
(hrs) 

Metabolic adverse 
effectsb 

Benazepril 
(Lotensin)c 

10-20 (40) 1 or 2  10-11 (active 
metabolite) 

Captopril 
(Capoten)c 

12.5-100 (150) 2 Heart failure, 
Left-ventricular 
dysfunction 
(post MI), 
Diabetic 
nephropathy 

<2 

Enalapril 
(Vasotec)c 

2.5-20 (40) 1 or 2 Heart failure, 
Asymptomatic 
left ventricular 
dysfunction 
(LFD) 

1.3 (11: active 
metabolite) 

Angiotensin 
Converting 
Enzyme 
Inhibitors 
(ACEI) 

Fosinopril 
(Monopril)c 

10-20 (40) 1 Heart failure ~12 (active 
metabolite) 

§ None reported 
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Table 8.  Angiotensin Converting Enzyme Inhibitors (ACEI) continued 

Class Drug 
(example 
brand) 

Usual dose 
range, mg/ day 
(max. dose) 

Daily 
frequency 

Other labeled 
Indication(s)a 

Half-life, 
elimination 
(hrs) 

Metabolic 
adverse 
effectsb 

Lisinopril 
(Privinil, 
Zestril)c 

5-20 (40) 1 Heart failure, Acute MI 12 

Moexipril 
(Univasc)c 

7.5-30 1-2  2-9 (active 
metabolite) 

Quinapril 
(Accupril)c 

5-40 (80) 1 Heart failure 2 (active 
metabolite) 

Perindopril 
(Aceon) 

4 (16) 1  no data 

Ramipril 
(Altace) 

1.25-10 (20) 1 Reduction in risk of MI, 
stroke, and death from 
cardiovascular causes, 
Heart failure (post MI) 

13-17 (active 
metabolite) 

Angiotensin 
Converting 
Enzyme 
Inhibitors 
(ACEI) 

Trandolapril 
(Mavik) 

1-4 1 Heart failure (post MI), 
Left-ventricular 
dysfunction (post MI) 

~5 (10: active 
metabolite) 

§ None 
reported 

MI: myocardial infarction 
a Other than essential hypertension 
b Applied to all representatives of the medication class, unless indicated otherwise 
c Available in generic form 

Sources: Killion KH, Kastrup RM. Drug Facts and Comparisons. 57th edition ed. St. Luis, Missouri: Wolters Kluwer, 2003.; Carter BL, Saseen JJ. Hypertension. In: DiPiro JT, 
Talbert RL, Yee GC, Matzke GR, Wells BG, Posey LM, editors. Pharmacotherapy.  A pathophysiologic approach. McGraw-Hill, 2002: 157-183.; American Society of Health-
System Pharmacists. AHFS Drug Information 2003. Bethesda, MD: American Society of Health-System Pharmacists, Inc., 2003. 
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ACEIs have positive renal effects, which makes them the primary choice of 

antihypertensive therapy among those with proteinuria, renal failure, or diabetes.  

However, they tend to increase serum K levels, especially in patients with chronic 

renal failure.  The metabolic effect of ACEIs was investigated in a meta-analysis.  

Kasiske et al. found that ACEIs reduced triglycerides (-0.07 mmol/L), and, in 

patients with diabetes, total cholesterol (-0.22 mmol/L). 

Several small trials showed positive effects of ACEIs on hypertensive 

patients’ carbohydrate metabolism, although conflicting results also exist.  

Variability of the results may be due to several factors: differences within the class 

of ACEIs, variations regarding the risk of diabetes in the study populations, or type 

II errors inherent in small investigations. 208  In short-term, randomized studies, 

treatment with captopril 209 and enalapril 37 resulted in improved insulin sensitivity; 

however, both positive 38 and neutral 210 effects have been reported with lisinopril 

therapy.  In a longer duration study comparing the effect of trandolapril (ACEI) and 

atenolol (beta-blocker), Reneland et al. found reduced insulin sensitivity with 

atenolol, but no change during trandolapril treatment. 11   

Considering the long-term outcome of new-onset diabetes, several large 

clinical trials reported lower risks among hypertensive patients treated with ACEIs.  

The Captopril Prevention Project (CAPPP) was designed to compare the effects of 

ACE inhibition and conventional therapy (i.e., diuretics and beta-blockers) on 

cardiovascular morbidity and mortality in patients with hypertension. 28  Secondary 
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outcomes of interest included incidence of diabetes.  The study found that new-onset 

diabetes was lower in the captopril group (ACEI) than in the conventional therapy 

group, with relative risk (RR) of 0.86 and absolute risk reduction (ARR) of 0.01.  

This benefit was achieved, despite the fact that patients in the captopril group had 

higher baseline blood pressure (both systolic and diastolic) measures.  Conventional 

treatment and captopril had virtually the same effect on blood pressure during the 

study, although patients in the captopril group experienced slightly but significantly 

higher blood pressure levels.  The study concluded that the benefit to prevent new-

onset diabetes was above and beyond the blood pressure normalization effect. 28 

However, other studies, including the large prospective Atherosclerosis Risk 

in Communities (ARIC) study, reported that patients who took beta-blockers 

experienced higher incidence of diabetes. 147;200-202;204  Patients in the ARIC study 

who were taking beta-blockers had a 28 percent higher risk of subsequent diabetes 

(relative hazard: 1.28).  Therefore, it has been debated whether the lower rates for 

new-onset diabetes in the CAPPP investigation were the result of the protective 

effect of ACEIs or the adverse effect of beta-blockers and/or diuretics. 

The Heart Outcomes Prevention Evaluation (HOPE) trial has shown similar 

results to the CAPPP findings among elderly individuals with high cardiovascular 

risk. 27  Fewer cases of new-onset diabetes occurred among patients randomized to 

take ramipril (ACEI) compared to patients in the placebo group during the 4.5-year 

follow-up.  The relative risk and absolute risk reduction showed an even more 
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positive beneficial effect than reported in the CAPPP trial: RR: 0.67 and ARR: 0.02.  

One major limitation of the study was that new-onset diabetes was neither a primary 

nor a secondary outcome of the study.  Thus, the findings need to be treated with 

caution, even though baseline diabetes risk factors were similarly present in the 

comparison groups. 

Enalapril (ACEI) reduced the incidence of diabetes to an even greater extent 

in a retrospective analysis of patients with asymptomatic left ventricular dysfunction 

who were enrolled in the Studies of Left Ventricular Dysfunction (SOLVD).  

Enalapril therapy resulted in a hazard ratio of 0.22 (95% CI: 0.10-0.46) to develop 

diabetes during the almost 3-year follow-up period. 211  This study adds support to 

previous studies, as the incidence of diabetes was determined by using strict 

biochemical definition (= 126 mg/dl fasting plasma glucose on at least 2 visits).  The 

positive effect of enalapril was even more striking among prediabetic patients with 

impaired fasting blood glucose.   

The Study to Evaluate Carotid Ultrasound changes in patients treated with 

Ramipril and Vitamin E (SECURE) supported the above findings of the HOPE trial: 

fasting blood glucose increased significantly more among patients treated with 

placebo compared to patients treated with ramipril. 212  Thus, the beneficial effect of 

different ACEI drugs was supported in large clinical trials among patients with and 

without left ventricular dysfunction at different follow-up periods. 27;211 
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Several animal studies also support the beneficial effect of ACEIs on 

carbohydrate metabolism.  The following mechanisms seem to yield biological 

feasibility to the above discussed findings: 

1. Hypokalemia, which may be favorably affected by ACEIs, substantially 

impairs the insulin secretory response to glucose; 31 

2. ACEIs lower aldosterone secretion and renal potassium wasting, which 

could preserve ß-cell responsiveness to glucose stimulus; 

3. ACEIs may increase islet blood flow and pancreatic ß-cell perfusion, by 

reducing angiotensin-2 mediated vasoconstriction in the pancreas; 32 

4. ACEIs may reduce insulin resistance in skeletal muscles, resulting in 

increased glucose disposal, which consequently decreases the need for 

pancreatic insulin. 33-37  This mechanism is due to increased bradykinin-

mediated nitric oxide production, and not to reduction in angiotensin II 

production or action; 38 and 

5. ACEIs may also reduce insulin resistance in the liver and fat cells, which 

would reduce hepatic glucose production and lower free fatty acid levels.39;40 

In summary, several investigations supported the positive effects of ACEIs 

on hypertensive patients’ carbohydrate metabolism.  Nonetheless, competing 

findings also exist.  Therefore, further head-to-head comparative studies are 
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necessary to evaluate whether ACEIs are beneficial in delaying the development of 

diabetes. 

2.3.5.3.6 Angiotensin II Receptor Blockers (ARB) 

Representative medications of ARBs indicated for the treatment of essential 

hypertension are shown in Table 9.  Angiotensin II Receptor Blockers (ARBs) 

directly interfere with the renin-angiotensin system.  They do not block bradykinin, 

which explains the lack of dry cough as side effect.  Although the additive 

vasodilating effect of bradykinin is lost at this alternate mechanism, ARBs may still 

be able to lower blood pressure more effectively, because of their more complete 

receptor obstruction (tissue ACE is not blocked by ACEI).  Clinical studies indicate 

that ARBs and ACEIs are equally effective antihypertensive medications.  In 

addition, ARBs appear to be remarkably free from adverse effects, as they appear to 

cause angioedema and persistent dry cough less frequently.  It is assumed that they 

have similar long-term beneficial outcomes as well; primarily in patients with left 

ventricular failure and type 1 diabetic patients with nephropathy.   
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Table 9.  Angiotensin II Receptor Blockers (ARBs) 

Class Drug (brand) Usual dose 
range, mg/ 
day (max. 
dose) 

Daily 
frequency 

Other 
labeled 
Indication(s)a 

Half-life, 
elimination 
(hrs) 

Metabolic adverse 
effectsb 

Candesartan 
(Atacand) 

8-32c 1 None ~9 

Irbesartan (Avapro) 150-300c 1 None 11-15 

Losartan (Cozaar) 25-100c 1-2 None ~2 (6-9: active 
metabolite) 

Telmisartan 
(Micardis) 

40-80c 1 None ~24 

Olmesartan 
(Benicar) 

20-40c 1 None ~13 

Eprosartan 
(Teveten) 

400-800c 1-2 None 5-9 

Angiotensin II 
Receptor 
Blockers 
(ARBs) 

Valsartan (Diovan) 80-320c 1 None ~6 (IV dosing) 

§ Hyperglycemia, 
hypertriglyceridemia 
(olmesartan) 

§ Hypertriglyceridemia 
(eprosartan) 

a Other than essential hypertension 
b Applied to all representatives of the medication class, unless indicated otherwise 
c Maximum effective dose is not available 

Sources: Killion KH,  Kastrup RM. Drug Facts and Comparisons. 57th edition ed. St. Luis, Missouri: Wolters Kluwer, 2003.; Carter BL, Saseen JJ. 
Hypertension. In: DiPiro JT, Talbert RL, Yee GC, Matzke GR, Wells BG, Posey LM, editors. Pharmacotherapy.  A pathophysiologic approach. McGraw-
Hill, 2002: 157-183.; American Society of Health-System Pharmacists. AHFS Drug Information 2003. Bethesda, MD: American Society of Health-System 
Pharmacists, Inc., 2003.  
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Regarding their effect on carbohydrate metabolism, some evidence exists 

indicating similar benefits to ACEIs.  The Losartan Intervention For Endpoint 

Reduction study (LIFE) was a double-masked, randomized, parallel group trial of 

almost 10,000 individuals with essential hypertension and an average of 67 years of 

age (range: 55-80).  Participants were randomized to Losartan 50mg or atenolol 

50mg and were followed for an average of 4.8 years.  Patients in the Losartan group 

had a lower incidence of diabetes (13.0/1,000 patient years) compared to those in the 

atenolol group (17.4/1,000).  The adjusted odds ratio showed a protective effect for 

those randomized to the Losartan group, with adjusted hazard ratio (95% CI) of 0.75 

(0.63-0.88). 213   

The investigators also developed a prediction score based on significant 

variables associated with new-onset diabetes, such as serum glucose, BMI, HDL 

level, systolic blood pressure, and history of prior use of antihypertensive drugs.  

Treatment with losartan lowered the risk of diabetes in each of the four quartiles that 

were created based on the prediction score. 146  A secondary analysis of the above 

results focusing on patients without clinically evident vascular disease found a 

similar protective effect associated with losartan. 214  These findings are comparable 

to those reported in the HOPE trial.  The question remains whether ARBs’ protective 

or beta-blockers’ negative effect is what the researchers have found.  The 

generalizability of the above findings is limited to White patients with high 
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cardiovascular risk and with electrocardiogram (ECG) signs of left ventricular 

hypertrophy. 

In a recently conducted Study on Cognition and Prognosis in the Elderly 

(SCOPE), candesartan was associated with a 20 percent relative reduction in the 

incidence of diabetes (L. Hansson, MD, University of Uppsala, Sweden, unpublished 

data, 2002). 211  Although the result was not statistically significant, it is comparable 

to the 25 percent risk reduction achieved in the LIFE study with losartan.  However, 

beta-blockers were taken more frequently by patients in the placebo group compared 

to those in the candesartan group. 

2.3.5.3.7 Adrenergic Inhibitors 

Representative medications of adrenergic inhibitors indicated for the 

treatment of essential hypertension are shown in Table 10.  They include central 

alpha2-agonists, alpha1-adrenergic blockers, and peripheral adrenergic antagonists.  

Medications in the central alpha2-agonist category (i.e., clonidine and methyldopa) 

reduce sympathetic nervous activity by stimulating the presynaptic alpha2-adrenergic 

receptors in the brain.   
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Table 10.  Adrenergic Inhibitors 

Class Drug (example 
brand) 

Usual dose 
range, mg/ day 
(max. dose) 

Daily 
frequency 

Other labeled 
Indication(s)a 

Half-life, 
elimination 
(hrs) 

Metabolic 
adverse 
effectsb 

Doxazosin (Cardura)c 1-4 (8) 1 BPHd 22 

Prazosin (Minipress)c 1-15 (20) 2 or 3  2-3 

Alpha1-
Adrenergic 
Blockers 

Terazosin (Hytrin)c 1-10 (20) 1 or 2 BPHd 9-12 

May improve 
insulin 
sensitivity 

Clonidine (Catapres)c 0.1-0.8 (1.2) 2  6-24  

Clonidine patch 
(Catapres-TTS) 

0.1-0.3 1/week  17 (10-30)  

Central 
alpha2-
Agonists 

Methyldopa 
(Aldomet)c 

250-1000 (2000) 2 Hypertensive 
crises 

~1.8  

Reserpinec 0.05-0.25  Psychotic states  

Hydralazine 
(Apresoline)c 

20-100 (200) 2-4  no data 

Peripheral 
Adrenergic 
Antagonists 

Minoxidil (Loniten)c 2.5-80 2   

May improve 
insulin 
sensitivity 

a Other than essential hypertension 
b Applied to all representatives of the medication class, unless indicated otherwise 
c Available in generic form 
d BPH: benign prostatic hyperplasia 
Sources: Killion KH, Kastrup RM. Drug Facts and Comparisons. 57th edition ed. St. Luis, Missouri: Wolters Kluwer, 2003.; Carter BL, Saseen JJ. Hypertension. In: DiPiro JT, 
Talbert RL, Yee GC, Matzke GR, Wells BG, Posey LM, editors. Pharmacotherapy.  A pathophysiologic approach. McGraw-Hill, 2002: 157-183.; American Society of Health-
System Pharmacists. AHFS Drug Information 2003. Bethesda, MD: American Society of Health-System Pharmacists, Inc., 2003. 
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As alpha2-agonists have a central action, they frequently cause side-effects of 

drowsiness, lethargy, and sometimes depression.  The transdermal formulation of 

clonidine exhibited these side-effects less frequently, however, approximately one-

fifth of the patients develop cutaneous reactions at the site of the application and 

need to discontinue therapy. 

Medications in the alpha1-adrenergic blockers category (i.e., doxazosin, 

prazosin, and terazosin) exhibit their antihypertensive action by postsynaptic 

adrenergic blockade at the veins and arterioles.  Besides lowering blood pressure, 

they relieve the symptoms of benign prostate hyperplasia (BPH) and reduce 

cholesterol levels, low density lipoprotein (LDL) and triglycerides, while increasing 

high density lipoprotein (HDL) levels. 215;216  A meta-analysis investigating the 

effect of alpha1-adrenergic blockers on the carbohydrate profiles of patients with 

type 2 diabetes found that doxazosin improved fasting glucose levels as well as 

insulin sensitivity. 217  In addition, another meta-analysis showed their beneficial 

effect on total cholesterol (-0.23 mmol/L), LDL (-0.20 mmol/L), triglycerides (-0.07 

mmol/L), and in younger persons, HDL levels (0.02 mmol/L). 189 

Peripheral adrenergic antagonists include reserpine, hydralazine, and 

minoxidil.  Reserpine acts both centrally and peripherally: besides depleting the 

neuroepinephrine and serotonin in the brain, it also depletes neuroepinephrine 

peripherally.  Similarly to alpha2-adrenergic agonists, reserpine is not recommended 

as initial therapy in the treatment of hypertension.  Nevertheless, they are excellent 
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combination drugs, especially with diuretics. 160  Hydralazine and minoxidil are also 

called direct vasodilators, as their action is independent of the nervous system.  

Although minoxidil lowers blood pressure more effectively than hydralazine, it is 

also associated with more adverse effects, including sodium and water retention and 

hirsutism (excessive growth of hair).  Therefore, minoxidil is recommended to be 

reserved for the treatment of severe, more resistant hypertension; while hydralazine 

remains a “step-3” drug, as its antihypertensive effect is additive to other 

vasodilating drugs.  Severe cases of lupus syndrome have been reported with 

hydralazine in high doses, although it is rarely observed if dosage is less than 

300mg. 218  In a meta-analysis, Kasiske et al. investigated the effects of 

antihypertensive medications on serum lipids and found that vasodilators reduced 

total cholesterol (-0.22 mmol/L), LDL (-0.22 mmol/L) levels and increased HDL 

(0.06 mmol/L). 189 

In conclusion, evidence shows that alpha1-adrenergic blockers and peripheral 

adrenergic antagonists may improve hypertensive patients’ insulin sensitivity.  

However, as adrenergic inhibitors are normally not indicated as a single agent in the 

therapy of essential hypertension, it is difficult to assess their independent effect on 

the development of diabetes. 

2.3.5.4 Adherence to Antihypertensive Medications 

Studies reported a wide range of adherence to antihypertensive medications; 

from 52.8 percent 219 to 96.4 percent. 220  Comparing several studies in a rigorous 
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meta-analysis, Iskedjian found mean adherence rates of 83.2 (SD: 3.5) and 91.4 (SD: 

2.2) percent for multiple and once daily dosing, respectively.221  The National 

Pharmaceutical Council estimated the average rate of adherence at 60 percent for 

hypertension. 222 

Several factors are associated with medication adherence in the treatment of 

hypertension, such as drug regimen complexity (once versus multiple daily 

administration of the medication, number of medications prescribed, and the 

complexity of administration), type of medication prescribed, and concomitant 

comorbidities.  As mentioned above, Iskedjian et al. found that once daily dosing 

resulted in significantly higher adherence rates compared to twice daily or multiple 

daily dosing. 221  Regardless of dosage frequency, Monane and colleagues found the 

patients on CCBs, ACEIs, or beta-blockers were more adherent, compared to those 

using thiazide diuretics. 223  In a large retrospective study, patients on ARBs were 

more adherent and remained persistent to therapy at 12 months compared to patients 

on CCBs and ACEIs. 224  Some concomitant conditions seem to improve patients’ 

adherence.  For example, in the study by Monane et al., patients with ischemic heart 

disease or congestive heart disease were more adherent to their antihypertensive 

therapy.  223  Nevertheless, the asymptomatic nature of hypertension has been 

associated with declining adherence rates with duration of therapy; in one study, the 

decline in adherence after the first year was 36 percent. 225 
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Although some studies reported positive correlation between adherence to 

antihypertensive medications and blood pressure control,  226;227 the current 

knowledge is limited regarding the affect of adherence to antihypertensive 

medications on clinical outcomes.  Sackett and colleagues found that on average, 80 

percent adherence to the prescribed medications was necessary to achieve systemic 

blood pressure control.  228  Also, nonadherence to antihypertensive medication has 

been associated with increased healthcare utilization229 and higher risk of coronary 

heart disease. 230  One study also reported lower mortality rates (1.4%) among those 

whose adherence was at least 75 percent, compared to those, who took less than 75 

percent of their antihypertensive medications (4.2%). 231 

In summary, existing evidence shows that the attained benefits of 

antihypertensive drugs depend on the consistency with which patients are adhering 

to their therapy.  Furthermore, the literature clearly shows declining adherence rates  

to antihypertensive medications with years of therapy and differences between major 

therapeutic classes.  These factors are important to consider when exploring the 

effect of antihypertensive medications on patient outcomes. 

2.4 Study Rationale 

It has been purported that in a chronic disease, such as type 2 diabetes, that 

develops in middle and old ages and has severe long-term complications, it may be 

sufficient to delay the onset of symptoms rather than aiming to prevent the disease 

altogether.  Interventions that will positively alter more than one of the components 
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of the metabolic syndrome and are easy to comply with are likely to have the most 

significant impact on all-cause mortality and quality of life among people at risk for 

developing type 2 diabetes. 10 

As type 2 diabetes may be present several years before diagnosis, early 

interventions are necessary to delay the onset of its severe complications.  

Supportive evidence came from the U.K. Prospective Diabetes Study, which showed 

that patients with lower fasting plasma glucose at diagnosis had a reduced risk for 

diabetes-related complications, diabetes-related death, all-cause mortality, 

myocardial infarction, peripheral vascular disease, and microvascular disease. 232  

The authors suggested that lower fasting plasma glucose values at diagnosis were 

representative of 2-5 years earlier diagnosis.  The study quantifies the reduced risk of 

long-term complications with such interventions that have the potential to delay the 

onset of diabetes. 

First-line antihypertensive agents (mainly beta-blockers and thiazide 

diuretics) have been associated with the development of insulin resistance and 

consequently type 2 diabetes.  There is a strong link between insulin resistance and 

the incidence of diabetes in different patient populations. 81;109;233;234  To the contrary, 

Angiotensin Converting Enzyme Inhibitors have been suggested to increase insulin 

sensitivity, while lowering blood pressure effectively. 37;209;235-237  Therefore, 

investigating the (secondary) clinical benefit of different antihypertensive 

medications with the endpoint of developing type 2 diabetes is of great importance, 
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given the large clinical, economic, and humanistic burden of the disease.  Most 

previous efforts to quantify the clinical risk of developing type 2 diabetes with 

antihypertensive therapies have been limited by their short timeframe and limited 

number of available antihypertensive agents. 238  Thus, the benefit of ACEIs and 

ARBs in relation to other antihypertensive agents has not been adequately addressed. 

2.5 Study Purpose 

Secondary analysis of the Central Texas Veterans Health Care System 

(CTVHCS) database is proposed to evaluate the effect of antihypertensive therapies  

on hypertensive patients’ risk to develop type 2 diabetes.  The hypothesized 

preventive/delaying effect of ACEIs and ARBs, hazardous effect of beta-blockers, 

and neutral effect of CCBs and thiazide diuretics will be assessed by controlling for 

demographic (e.g., age, gender, and race/ethnicity) and clinical (obesity, pre-diabetic 

state, dyslipidemia, duration of hypertension, severity of hypertension, blood 

pressure control, adherence to antihypertensive therapy, duration of antihypertensive 

therapy, and high risk medications) risk factors that have been associated with the 

development of diabetes. 

2.6 Objectives and Hypotheses 

Objective 1.  To describe the demographic and clinical characteristics of the 

study population, including the incidence of diabetes. 

Objective 2.  To describe utilization patterns of antihypertensive medications. 
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Objective 3.  To describe the “time to occurrence of diabetes” in each single 

antihypertensive treatment group (i.e., 1) angiotensin converting 

enzyme inhibitor (ACEI); 2) angiotensin II receptor blocker 

(ARB); 3) alpha-blocker; 4) beta-blocker; 5) calcium channel 

blocker (CCB); 6) diuretic (i.e., loop diuretic, potassium-sparing 

diuretic, or aldosterone-receptor blocker); 7) thiazide diuretic; and 

8) other single drug therapy (i.e., direct vasodilator or central 

alpha2-agonist)) and “no antihypertensive therapy.” 

Objective 4.  To assess the relationship between antihypertensive therapies and 

the development of diabetes, while controlling for demographic 

(i.e., age, gender, race/ethnicity) and clinical (i.e., BMI (baseline 

and change), IGT, dyslipidemia, severity of hypertension, blood 

pressure control, duration of hypertension, antihypertensive 

therapy (adherence and duration), ‘high risk’ drug therapies), risk 

factors. 

 

H1. Time to develop diabetes (i.e., survival period) would not 

differ significantly in patients who were treated with 

thiazides compared to those who were not, while 

controlling for demographic and clinical risk factors. 
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H2. Patients treated with beta-blockers would develop diabetes 

significantly sooner (i.e., will have shorter survival period) 

compared to patients who were not, while controlling for 

demographic and clinical risk factors. 

H3. Time to develop diabetes (i.e., survival period) would not 

differ significantly in patients who were treated with CCBs 

compared to patients who were not, while controlling for 

demographic and clinical risk factors. 

H4. Patients treated with ACEIs would develop diabetes 

significantly later (i.e., would  have longer survival period) 

compared to patients who were not, while controlling for 

demographic and clinical risk factors. 

H5. Patients treated with ARBs would develop diabetes 

significantly later (i.e., would  have longer survival period) 

compared to patients who were not, while controlling for 

demographic and clinical risk factors. 

Objective 5.  To assess the relationship between antihypertensive therapies and 

blood glucose levels  while controlling for demographic (i.e., age, 

gender, race/ethnicity) and clinical (i.e., BMI (baseline and 

change), IGT, dyslipidemia, severity of hypertension, blood 

pressure control, duration of hypertension, antihypertensive 
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therapy (adherence and duration), ‘high risk’ drug therapies) risk 

factors. 

 

H6. The difference in ‘baseline-to-follow-up’ average blood 

glucose levels among patients treated with thiazide 

diuretics will not be significantly different compared to the 

difference in ‘baseline-to-follow-up’ average blood glucose 

levels of patients on no therapy. 

H7. The difference in ‘baseline-to-follow-up’ maximum blood 

glucose levels among patients treated with thiazide 

diuretics will not be significantly different compared to the 

difference in ‘baseline-to-follow-up’ maximum blood 

glucose levels of patients on no therapy. 

H8. The difference in ‘baseline-to-follow-up’ average blood 

glucose levels among patients treated with beta-blockers 

will be significantly higher compared to the difference in 

‘baseline-to-follow-up’ average blood glucose levels of 

patients on no therapy. 

H9. The difference in ‘baseline-to-follow-up’ maximum blood 

glucose levels among patients treated with beta-blockers 

will be significantly higher compared to the difference in 
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‘baseline-to-follow-up’ maximum blood glucose levels of 

patients on no therapy. 

H10.  The difference in ‘baseline-to-follow-up’ average blood 

glucose levels among patients treated with calcium 

channel blockers (CCBs) will not be significantly different 

compared to the difference in ‘baseline-to-follow-up’ 

average blood glucose levels of patients on no therapy. 

H11.  The difference in ‘baseline-to-follow-up’ maximum blood 

glucose levels among patients treated with CCBs will not 

be significantly different compared to the difference in 

‘baseline-to-follow-up’ maximum blood glucose levels of 

patients on no therapy. 

H12.  The difference in ‘baseline-to-follow-up’ average blood 

glucose levels among patients treated with angiotensin 

converting enzyme inhibitors (ACEIs) will be significantly 

lower compared to the difference in ‘baseline-to-follow-up’ 

average blood glucose levels of patients on no therapy. 

H13.  The difference in ‘baseline-to-follow-up’ maximum blood 

glucose levels among patients treated with ACEIs will be 

significantly lower compared to the difference in ‘baseline-
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to-follow-up’ maximum blood glucose levels of patients on 

no therapy. 

H14.  The difference in ‘baseline-to-follow-up’ average blood 

glucose levels among patients treated with angiotensin II 

receptor blockers (ARBs) will be significantly lower 

compared to the difference in ‘baseline-to-follow-up’ 

average blood glucose levels of patients on no therapy. 

H15.  The difference in ‘baseline-to-follow-up’ maximum blood 

glucose levels among patients treated with ARBs will be 

significantly lower compared to the difference in ‘baseline-

to-follow-up’ maximum blood glucose levels of patients on 

no therapy. 

 

Objective 6.  To assess the relationship between antihypertensive dual therapies 

(such as beta-blocker and thiazide, ACEI and thiazide, ACEI and 

CCB, ARB and thiazide, adrenergic inhibitor and thiazide, and 

diuretic combinatio ns) and the development of diabetes, while 

controlling for demographic (i.e., age, gender, race/ethnicity) and 

clinical (i.e., BMI (baseline and change), IGT, dyslipidemia, 

severity of hypertension, blood pressure control, duration of 

hypertension, antihypertensive therapy (adherence and duration), 
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‘high risk’ drug therapies), risk factors, as well as the individual 

effects of antihypertensive therapies. 

 

H16.  Time to develop diabetes (i.e., survival period) would not 

differ significantly in patients who were treated with ACEI 

and CCB combinations (e.g., amlodipine-benazepril, 

enalapril-felodipine, and trandolapril-verapamil) compared 

to those who were not, while controlling for demographic 

and clinical risk factors as well as the individual effects of 

antihypertensive therapies. 

H17.  Time to develop diabetes (i.e., survival period) would not 

differ significantly in patients who were treated with ACEI 

and thiazide diuretic combinations (e.g., benazepril-

hydrochlorothiazide (HCTZ), captopril-HCTZ, enalapril-

HCTZ, lisinopril-HCTZ, moexipril-HCTZ, and quinapril-

HCTZ) compared to patients who were not, while 

controlling for demographic and clinical risk factors as well 

as the individual effects of antihypertensive therapies. 

H18.  Time to develop diabetes (i.e., survival period) would not 

differ significantly in patients who were treated with ARB 

and thiazide diuretic combinations (e.g., candesartan-
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HCTZ, eprosartan-HCTZ, irbesartan-HCTZ, losartan-

HCTZ, telmisartan-HCTZ, and valsartan-HCTZ) compared 

to patients who were not, while controlling for 

demographic and clinical risk factors as well as the 

individual effects of antihypertensive therapies. 

H19.  Time to develop diabetes (i.e., survival period) would not 

differ significantly in patients who were treated with beta-

blocker and thiazide diuretic combinations (e.g., atenolol-

chlorthalidone, bisoprolol-HCTZ, propranolol-HCTZ, 

metoprolol-HCTZ, and timolol-HCTZ) compared to 

patients who were not, while controlling for demographic 

and clinical risk factors as well as the individual effects of 

antihypertensive therapies. 

H20.  Time to develop diabetes (i.e., survival period) would not 

differ significantly in patients who were treated with 

adrenergic inhibitor-thiazide diuretic combinations (e.g., 

methyldopa-HCTZ, reserpine-chlorothiazide, reserpine-

HCTZ) compared to patients who were not, while 

controlling for demographic and clinical risk factors as well 

as the individual effects of antihypertensive therapies. 
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H21.  Time to develop diabetes (i.e., survival period) would not 

differ significantly in patients who were treated with 

diuretic combinations (e.g., amiloride-HCTZ, 

spironolactone-HCTZ, and triamterene-HCTZ) compared 

to patients who were not, while controlling for 

demographic and clinical risk factors as well as the 

individual effects of antihypertensive therapies. 

 

Objective 7.  To assess the relationship between antihypertensive combination 

therapies (simultaneous use of three or more antihypertensive 

therapies) and the development of diabetes, while controlling for 

demographic (i.e., age, gender, race/ethnicity) and clinical (i.e., 

BMI (baseline and change), IGT, dyslipidemia, severity of 

hypertension, blood pressure control, duration of hypertension, 

antihypertensive therapy (adherence and duratio n), ‘high risk’ drug 

therapies) risk factors, ‘dual therapies,’ and the individual effects 

of antihypertensive therapies. 

Objective 7 will serve to “generate hypotheses” regarding the 

effect of triple therapies on the development of type 2 diabetes. 
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Chapter 3  

Methodology 

The study methodology will be discussed in this chapter.  First, the study 

design will be described, including the study site, timeframe, inclusion and exclusion 

criteria, data collection methods, and estimated sample size of the study.  After 

introducing the study’s framework and conceptual model, the study variables will be 

discussed.  Finally, the objective analyses and corresponding statistical methods will 

be detailed. 

3.1 Study Design 

The study employed a retrospective cohort design to address the study 

objectives.  The study cohort included newly diagnosed hypertensive patients who 

received medical care in the Central Texas Veterans Health Care System 

(CTVHCS).   

3.1.1 Study Site and Patient Population 

The database comprised health-related (clinical) and demographic 

information of patients who had been receiving care in the 17th division of the 

Veterans Integrated Service Network (VISN 17), central region (also CTVHCS).  

Also called the VA Heart of Texas Health Care Network, VISN 17 serves 
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approximately 1 million veterans in an elongated area stretching from the Oklahoma 

border in the North to the Lower Rio Grande Valley in the South (Figure 16).   

Figure 17.  VA Heart of Texas Health Care Network (VISN 17) 

 

Source: Department of Veteran Affairs: Facility Directory.  Available at:  
http://www.appc1.va.gov/directory/guide/region.asp?ID=1017  Accessed on: March 1, 2004. 

 

Most of the people serviced in the network are aging, disabled males.  They 

either lack health insurance coverage, or, if they live in a metropolitan area, they are 

members of a health maintenance organization.  The network consists of seven 

medical centers, 58 clinics, and 2,608 operating beds, organized into three regions: 

North, Central, and South. 239   

The Central Texas Veterans Health Care System (CTVHCS) was created in 

1995 through the integration of three medical centers (the Olin E. Teague Veterans’ 

Center in Temple, the Waco VA Medical Center, and the Thomas T. Connally VA 

Medical Center) and four outpatient clinics.  The network serves the Austin, Marlin, 

Central region 
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Temple, and Waco areas in central Texas.  More than 1,000 beds were operated in 

the CTVHCS in 2001 and more than 600,000 outpatient visits were registered. 

3.1.2 Timeframe  

The overall timeframe of the study spanned from September 1, 1995 to May 

31, 2004 (see Figure 17).  A wash-out period of six months was used to identify the 

cohort according to the patient criteria, which will be described in the next section.  

Thus, the maximum observation period in the study was eight years and nine months 

(105 months) from September 1, 1995 to May 31, 2004; whereas, the maximum 

follow-up period was eight years and three months (99 months) from Feb 29, 1996 

to May 31, 2004.  Follow-up periods differred for each patient, as they entered or 

exitted the cohort at different times.  In other words, follow-up periods were 

individual, as they depended on the first documentation of hypertension (date of 

entry) and on the first evidence for diabetes (date of exit).   

Follow-up times were defined for each individual in person-years.  The 

reporting of exposure time in aggregate person-years is considered meaningful, 

because patients with longer observation periods will have higher risk to develop 

diabetes compared to those with shorter follow-up periods. 240  The end of patient 

follow-up was defined when one of the following occured: 1) discontinued 

antihypertensive medications; 2) end of follow-up period (May 31, 2004); or 3) 

documentation of new-onset diabetes.  The methodology to identify patients with 

new-onset diabetes will be described in more detail in the “study variable” section. 
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Figure 18.  Timeline of the Study 

 

 

 

 
minimum exposure to antihypertensive therapy: 90 days 

 

3.1.3 Patient Criteria 

Controlling for the duration of antihypertensive therapy in the analysis was 

important, because it may be related to the development of diabetes. 41;151  Therefore, 

newly diagnosed hypertensive adults (aged =18 years) comprised the study cohort.  

Patients were identified by either 1) new diagnosis with hypertension (ICD-9 codes); 

or 2) new prescription for antihypertensive medication(s) during the study period.  

See Appendix A for a list of antihypertensive medications.  Eligible patients included 

those who had 1) documentation of at least one blood pressure reading of 

=140/90mmHg during the study period; or 2) new diagnosis with hypertension 

(ICD-9 code).  Thus, patients who received antihypertensive therapy for indications 

other than the treatment of hypertension (e.g., beta-blocker therapy for migraine or 

coronary artery disease) were not included into the study population.  The index date 

was assigned to eligible patients based on the date of first prescription (for those who 

were treated with an antihypertensive medication), or the date of diagnosis with 
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hypertension (for those who were not treated with antihypertensive medication). 41  

Medical records for eligible patients were verified for 6 months prior to the index 

date to ensure no evidence of previous hypertens ion.  Patients with documentation 

for previous hypertension were excluded from further analysis.  Also, patients with 

kidney problems, identified by creatinine >1.5mg/dL or >1.3mg/dL for men and 

women, respectively, or presence of microalbuminuria (>30 mg/day or 20 mg 

albumin per gram of creatinine), were excluded from the study, because this 

population has a higher likelihood of undiagnosed type 2 diabetes indicated by their 

target organ damage.  Additionally, patients who had been prescribed an oral 

hypoglycemic agent (OHA), had at least one random blood glucose reading of =200 

mg/dL, or documented to have diabetes (ICD-9 code) in the 6-month pre-index or 3-

month post-index time period were excluded from further analyses, in order to avoid 

attributing pre-existing diabetes to antihypertensive therapy.  Patients’ medication 

records were considered as “treatment episodes,” if the patient 1) had at least two 

records of outpatient refills on two separate days; 2) was on the same therapy for a 

minimum of 90 days; and 3) was on antihypertensive therapy for at least one year.  

Patients taking no antihypertensive therapy were included, if they had evidence for 

health care utilization for a minimum of one year.  Finally, to ensure that study 

participants were continuously enrolled in the VA system and were active users of 

the system, each participant were required to have at least one indication of health 

care utilization during every 365 days, while in the study.  Table 11 summarizes the 

study’s inclusion criteria.   
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Table 11.  Study Inclusion Criteria 

Study Inclusion Criteria 

§ Age of =18 years 

§ New diagnosis with hypertension 

?  Diagnosis with primary hypertension (ICD-9: 401.0-401.9), or 

?  Diagnosis with secondary hypertension (ICD-9: 405.0-405.99), or 

?  Blood pressure reading =140/90 

AND 

?  No documentation for preexisting hypertension 6 months pre-index date 

§ No documentation for preexisting diabetes1 

?  Diagnosis with diabetes (ICD-9: 250.00-250.99) or 

?  Random blood glucose =200mg/dL or 

?  Treatment with hypoglycemic medications.  See Appendix B for a list of 
hypoglycemic medications 

§ No evidence of kidney problems, identified by creatinine >1.5mg/dL and 1.3mg/dL for 
men and women respectively, or presence of microalbuminuria, identified by >30 
mg/day or 20 mg albumin per gram of creatinine2 

§ Medication criteria3 

?  At least two outpatient refills on two separate days 

?  Minimum 90 days of exposure 

?  minimum 1 year on antihypertensive therapy 

§ Continuous enrollment 

?  Evidence for health-care utilization at a minimum of 365-day time period 

1 During 6-months pre-index and 3-month post- index date 
2 Assessed at baseline (6 months pre index date) 
3 Patients on “no therapy” were “followed” for a minimum of 365 days 
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3.1.4 Data Collection 

The study involved a retrospective database analysis of the electronic 

medical records of veterans (aged =18 years) with new-onset hypertension.  Veterans 

Affairs (VA) personnel extracted the data from the Central Texas Veterans Health 

Care System (CTVHCS) database and assigned a unique identifier to the patient 

level data.  The identifiers were used to merge the data files (i.e., demographic, 

diagnostic, laboratory, medication, and vitals) together.  Description of the data files 

and the corresponding variables is included in Appendix C. 

3.1.5 Sample Size Calculations 

Information on 1) type I error rate (and whether it was used for one-tailed or 

two-tailed statistical analysis); 2) minimal statistical power accepted; 3) incidence of 

the disease in the control group; 4) ratio of the controls to the study subjects; and 5) 

minimum relative risk to be detected, were necessary to calculate the minimum 

required sample size.  Type 1 error rate (alpha level) was set at 0.05 level in all 

statistical analyses of this study.  The minimal accepted statistical power was set at 

the 80 percent level; i.e., 20 percent type II error rate is considered tolerable for not 

being able to reject the null hypothesis, when the values differ in “real life.”  In the 

National Health Interview Survey, the incidence of diabetes was estimated at 14.5 

per 1,000 in the older (65-79 years of age) U.S. male population in 2000. 53  [Note: 

the incidence rate for older males was selected as opposed to the national average, as 

the study population predominantly consisted older males.]  This value needed 
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adjustment, considering that the incidence of diabetes among patients with 

hypertension is approximately 2.5 times higher compared to those without 

hypertension.  The hypertension-adjusted incidence rate was estimated to be 3.625 

percent per year (36.25 per 1,000).  Assuming 3.0 years of average follow-up in the 

study population, the cumulative incidence rate was estimated to be 10.9 [Note: the 

10 percent incidence rate was used to assess the required sample size, as this was the 

closest value available in the Calculation Table.]  The ratio of the control to exposed 

study groups was set at 1:1.  Finally, based on the currently available evidence from 

the literature, a minimum relative risk of 25 percent could be expected in the 

development of diabetes between different classes of antihypertensive 

medications.27;28;30;211   

Given the above information, the minimal required sample size was  

calculated.  The following formula has been used most frequently for sample size 

calculations in cohort study designs: 241 

 

where p is the incidence of the disease in the unexposed, R is the minimum relative 

risk to be detected, a is the type I error rate that is accepted, ß is the type II error rate 

, 
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that is accepted (1-power), Z1-a and Z1-ß refer to the normal deviances from a and ß, 

while K is the ratio of the number of subjects to the number of exposed groups 

(1:1).242   

Finally, U is defined as: 

 

Given the above specified parameters, the number of subjects needed in the 

comparison groups is 2,005 (in each group) in two-tailed analyses. 

3.2 Study Model 

The study framework is presented in Figure 18.  The conceptual framework 

consisted two parts: the two-step model, developed by Saad et al. 46 and by 

Hamman,7 and additional risk factors of type 2 diabetes as identified by the 

American Diabetes Association. 42  Based on this framework, the study model was 

developed (Figure 19). 
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Figure 19.  Theoretical Framework 

 

 

 

 

 

 

 

 

 

 

 

 

 

HDL: High Density Lipoprotein; ACEIs: Angiotensin Converting Enzyme Inhibitors; ARBs: Angiotensin II Receptor Blockers; 
BP: Blood Pressure; hx.: history; IGT: Impaired Glucose Tolerance. 

Developed based on the Two-Step Model by Saad et al. 46 and Hamman7 
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Figure 20.  Study Model 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

BMI: Body Mass Index; IGT: Impaired Glucose Tolerance; HDL: High Density Lipoprotein; BP: Blood Pressure; BG: blood 
glucose. 
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3.3 Study Variables 

Next, the study variables will be described in detail, starting with defining 

the treatment groups and the study outcomes followed by the remaining independent 

variables.  Operational definitions will be provided to define both endpoints of the 

study as well as the demographic and clinical variables that will serve as covariates 

in the statistical analyses.  For an overview of the study variables, see Appendix D.   

3.3.1 Study cohorts 

Patients were categorized into antihypertensive treatment groups, in order to 

compare their independent effect on glucose metabolism.  Combination therapies 

(i.e., the simultaneous use of two or more medications from different classes) make 

direct comparisons of single classes of antihypertensive medications difficult, 

because of the so-called “crossover effect.”  The simplest solution to reduce 

“crossover effect” is to exclude patients with concomitant use of more than one 

medication from this analysis. 172  However, excluding all patients who are treated 

with combination therapy could  erode the cohort and would not capture the common 

medical approach to hypertension.  It has been estimated that as many as 60 percent 

of the general hypertensive population are using some type of combination 

therapy.156  In addition, patients may change therapy once or several times during the 

course of antihypertensive therapy.  Accounted for these changes is also necessary in 

order to truly describe patients’ therapy.  Overall, it can be concluded that 
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information on drug use obtained only at baseline may result in misclassification, 

particularly, if the follow-up period is long. 154   

Therefore, two categorization methods were employed, in three multivariate 

models.  In Model 1, patients were classified into the following categories: 1) 

angiotensin converting enzyme inhibitor (ACEI); 2) alpha-blocker; 3) angiotensin II 

receptor blocker (ARB); 4) beta-blocker; 5) calcium channel blocker (CCB); 6) 

diuretic therapy (i.e., loop diuretic, potassium-sparing diuretic, or aldosterone-

receptor blocker); 7) thiazide diuretic ; 8) other single drug therapies (i.e., direct 

vasodilators and alpha2-agonists) and 9) no therapy.  In Model 2, patients taking dual 

therapies were identified and tested for additional effect on the development of type 

2 diabetes.  In case of significant finding, the effect of specific dual therapies would 

have been explored: in post hoc analyses, patients would have been categorized into 

the most frequently prescribed dual therapies.  Finally, a significant number of 

patients were assumed to utilize three or more antihypertensive therapies  

simultaneously.  In Model 3, patients taking three or more therapies simultaneously 

were identified and tested for additional effect on the development of type 2 

diabetes.  In case of significant finding, the effect of specific combination therapies 

would have been explored in post hoc analyses. 

A comprehensive list was used to identify antihypertensive therapies in the 

database.  The list was developed based on the following sources: Electronic Orange 

Book by the United States Food and Drug Administration, 243 JNC 7, 156 and the 
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Drug Information book by the American Society of Health-System Pharmacists. 140  

See Appendix A for the list of antihypertensive medications. 

3.3.1.1 Duration of antihypertensive therapy 

The length of time between the first and last prescription of antihypertensive 

therapy was calculated.  The index date represented the date of first prescription for 

all patients except those who were not taking any antihypertensive medications.  The 

date of last prescription for antihypertensive therapy was defined as 1) no additional 

refill for antihypertensive medication; or 2) end of the study’s follow-up period 

(May 31, 2004); or 3) new-onset diabetes.  The “duration of antihypertensive 

therapy” variable was analysed as a continuous variable. 

3.3.1.2 Adherence to antihypertensive therapy 

Patients’ ‘adherence to antihypertensive therapies,’ was represented by 

‘overall medication availabilities.’  Variables were generated containing the earliest 

(i.e., minimum) and the most recent (i.e., maximum) refill dates for each patients’ 

antihypertensive prescriptions.  Another variable was created to calculate the 

difference between these two dates, representing the number of treatment days from 

the original through the last prescription refill date (for any antihypertensive 

therapy).  Next, the sum of all days’ supply for each prescription refills was 

calculated, to represent the days’ supply from the first refill date to the end of the last 

refill.  The ratio of these two numbers was used to estimate patients’ overall 
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medication availability (continuous variable), using the same formula previously 

described by Steiner and Prochazka:5 

 

 

 

3.3.2 Study Outcomes 

New-onset diabetes served as the primary outcome of the study.  Patients 

developing diabetes were identified by either diagnosis (ICD-9: 250.0-250.99) of 

diabetes, random glucose values of =200 mg/dL or, if appearing first, the first 

prescription claim for hypoglycemic medications (sulfonylureas, glitazones, 

meglitinide derivatives, acarbose, metformin, or insulin therapy).  The date of the 

above documentation served to calculate the duration of time to develop diabetes.  

This indicator served as the study outcome in the survival analyses. 

The following operational definition was used, in order to limit the 

possibility of “error in coding” or “diagnostic rule out.”  The patient had to have two 

occurrences of either ICD-9 codes, filled prescriptions for a hypoglycemic 

medication, or random glucose values =200 mg/dL alone or in combination, in order 

to consider the patient diabetic.  Each patient was tracked to identify new-onset 

diabetes from the index date to the end of the follow-up period. 

Total days supply during study period 

Last refill date – First refill date 

      Medication 
 availability  = 
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Blood glucose levels represented the secondary outcome of the study.  Blood 

glucose levels 3 months before and 3 months after the index date represented the 

baseline level, whereas blood glucose levels during the last 6 month of the follow-up 

period represented the follow-up level.  At least two blood glucose readings were 

required to include the readings to the statistical analyses.  Changes in baseline-to-

follow-up average and maximum blood glucose levels (pre index and post index) 

were compared in the objective analyses.   

3.3.3 Independent Variables 

Risk factors for developing type 2 diabetes mellitus served to control for 

variables that may have confounded the investigated relationship between exposure 

to antihypertensive therapy and development of diabetes.  The operational 

definitions of these risk factors were based on the position statement of the 

American Diabetes Association on screening for type 2 diabetes. 42 

3.3.3.1 Demographic Variables 

3.3.3.1.1 Age 

As shown in Figure 2 of Chapter 1, the prevalence of type 2 diabetes 

increases sharply with the advancement of age.  Thus, it is imperative to control for 

this variable in the multivariate analysis .  Age at the index date was used as the 

reference age for each study participant.  Patients’ age may also be standardized into 

1 = “18-44;” 2 = “45-64;” and 3 = “=65” categories, because these ranges are in 
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accordance with the incidence of diabetes in the United States. 51  However, the 

majority of the study subjects were expected to fall into the =65 age category. 

3.3.3.1.2 Gender 

At younger ages, the prevalence of diabetes is somewhat higher in females 

than in males, while this trend reverses over the age of 55. 1  Patients’ gender was 

characterized by a dichotomous variable of 1 = “male” and 0 = “female.”  Given the 

nature of the study population, the majority of the study population was expected to 

be older males. 

3.3.3.1.3 Race/ethnicity 

Finally, certain racial/ethnic background imposes increased risk of future 

diabetes on the individual.  Hispanics are 1.6 times (7.9%), whereas Non-Hispanic 

Blacks are 1.75 times (9.8%) more likely to have diabetes compared to non-Hispanic 

White adults (5.6%), according to the latest (2003 Jan.-Mar.) estimates of the 

National Health Interview Survey. 1  Therefore, a separate dichotomous variable 

(i.e., 0 = “White” and 1 = “non-White”) was created to control for racial/ethnic 

background. 

3.3.3.2 Clinical Variables 

3.3.3.2.1 Body Mass Index (BMI) 

As shown in Figures 4 and 5 of Chapter 1, there is a sharp increase in the 

prevalence of diabetes with increased BMI, irrespective of age.  Thus, controlling for 



 

 

 130 

BMI in the objective analyses was imperative.  Patients’ weight and height data were 

used to calculate their body mass index (BMI), according to the following formula: 

 

BMI =  

 

Besides adiposity, the literature also suggests weight gain as one of the 

primary causes of the development of type 2 diabetes. 70;71  Therefore, besides 

baseline BMI, baseline-to-follow-up change in BMI was also assessed.  When 

calculating BMI, the first height data was used, assuming that its value did not 

change during the course of the study.  Baseline weight values were based on the 

mean values 3 months prior to and 3 post index date; whereas follow-up weight 

values were based on the average of the last 6 months of the follow-up period.   

Both BMI and change in BMI values were continuous level data.  

Alternatively, they could be categorized according to the following two criteria.  

First, the American Diabetes Association specified BMI =25 kg/m2, to indicate 

increased risk for the development of diabetes.  Although it may vary according to 

racial/ethnic categories, this cut-off point has been used frequently to identify 

patients with high risk of diabetes. 42  Accordingly, BMI values may be 

dichotomized using the cutoff value of 25 kg/m2 (0 = “BMI <25 kg/m2” and 1 = 

“BMI =25 kg/m2”).  

Weight in kilograms (kg) 

Height in squared meters (m2) 
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Second, BMI levels may also be categorized by the corresponding risk of 

diabetes, as found in the Health Professional Follow-up Study. 244  Among the 

46,060 men who were followed for the 10-year study period, the risk of diabetes 

increased sharply with increasing BMI levels (Table 12).  Categories of 0, 1, 2, and 3 

were assigned to the corresponding BMI levels, as shown in Table 12. 

 

Table 12.  Ten-Year Risk (1986-1996) of Developing Obesity-Related Diabetes1 

Body Mass Index (BMI) Risk of Diabetes (95% CI)2 BMI categories 

<25.0 Referent 0 

25.0 – 29.9 3.5 (2.9 – 4.1) 1 

30.0 – 34.9 11.2 (9.3 – 13.6) 2 

=35.0 23.4 (19.4 – 33.2) 3 
1 10-year risks, expressed as odds ratios adjusted for age, smoking status, and race 
2 CI = Confidence Interval 
 
Source: Field AE, Coakley EH, Must A et al. Impact of overweight on the risk of developing common chronic 

diseases during a 10-year period. Arch Intern Med 2001; 161(13):1581-1586. 
 

3.3.3.2.2 Impaired Glucose Tolerance (IGT) 

Presence of Impaired Glucose Tolerance (IGT) represents an enormous risk 

for the development of diabetes, as suggested by Saad et al. 46 and Hamman 7 in the 

two-step model.  IGT has also been referred to as prediabetes, indicating its close 

proximity to the development of overt type 2 diabetes. 245  Baseline IGT was 

determined based on ICD-9 category of 790.2, or random glucose values of <200 

mg/dL and =140 mg/dL.  To control for the existence of IGT, a dichotomous 

variable (0 = “no IGT” and 1 = “IGT”) was created based on the existence of the 
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above specified criteria at baseline; i.e., during 3 months pre or 3 months post index 

date. 

3.3.3.2.3 Dyslipidemia 

The American Diabetes Association identified patients with dyslipidemia at 

higher risk for the development of type 2 diabetes. 42  Dyslipidemia, as part of the 

metabolic syndrome, indicates patients’ higher risk for future diagnosis with 

diabetes.  Patients, who possessed this trait were identified by baseline laboratory 

values (3 months pre and 3 months post index date) of HDL cholesterol =35 mg/dL, 

and/or triglyceride =250 mg/dL, or filled prescription of dyslipidemia therapy during 

the same time period.  [Note: the above HDL and triglyceride levels were identified 

by the American Diabetes Association as presenting major risk for the development 

of type 2 diabetes.]  See Appendix E for a list of dyslipidemia therapies.  Patients 

were categorized according to the above specified criteria, using a dichotomous 

variable of 0 = “no dyslipidemia” and 1 = “dyslipidemia.” 

3.3.3.2.4 Hypertension severity 

Some evidence exists regarding the hazardous effect of the severity of 

hypertension on the development of diabetes. 41;147  Following the methodology of 

the studies by Gress et al. 147 and Gurwitz et al., 41 severity of hypertension was  

signified by the use of a proxy variable.  A dichotomous variable was created to 

identify patients who were taking multiple antihypertensive medications (1=”more 



 

 

 133 

severe”) as opposed to those who were not taking antihypertensive therapy or were 

taking single therapy only (0=”less severe”). 

Based on JNC 7 recommendations, patients should be monitored on a 

monthly basis, until blood pressure goal is achieved.  After blood pressure is at goal 

and stable, follow-up visits at 3- to 6-month intervals are recommended. 156  

Therefore, hypertension severity was determined within a one-year time period after 

the index date. 

3.3.3.2.5 Blood pressure control 

According to JNC 7, the goal blood pressure for hypertensive patients 

without diabetes or kidney problems is 140/90 mmHg. 156  The average systolic and 

diastolic blood pressure values were used to categorize blood pressure control.  

Patients were defined as “under good blood pressure control,” if their average 

systolic and diastolic blood pressure values were below 140 mmHg and 90 mmHg, 

respectively.  A dichotomous variable of controlled (1) and uncontrolled (0) blood 

pressure was created to use as an indicator of patients’ overall blood pressure 

control.  

3.3.3.2.6 Duration of hypertension 

As indicated in the patient criteria section, longer duration of hypertension 

may also impose a larger risk of diabetes on patients.  Length of time between the 

index date and end of follow-up period represented the “duration of hypertension” 
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variable.  The end of follow-up was defined as the occurrence of 1) discontinued 

antihypertensive medications; 2) end of follow-up period (May 31, 2004); or 3) 

documentation of new-onset diabetes.  Duration of hypertension was calculated as a 

continuous-level variable. 

3.3.3.2.7 ‘High risk’ therapies 

Several pharmacolo gical agents have been described to alter carbohydrate 

metabolism.  The antipsychotic medication chlorpromazine (phenothyazine/ 

antihistamine derivative), haloperidol, and the more recently developed selective 

serotonin reuptake inhibitors (SSRIs) have been associated with the development of 

new-onset diabetes.  See Appendix G for a list of antipsychotic medications.   

Nicotinic acid (niacin) therapy may also affect patients’ carbohydrate metabolism.  

Finally, several corticosteroids have been described to cause increased risk to 

develop diabetes.  Glucocorticoids (hydrocortisone, prednisone, prednisolone, 

ameliorate, and dexamethasone), especially in high doses, have been reported to 

cause overt diabetes in as many as 20 percent of the cases. 110  Although the evidence 

on these associations is far from conclusive, controlling for these comorbidities was 

necessary.  A separate dichotomous variable was created, indicating patients’ 

increased risk of diabetes as a result of taking any one of these classes of 

pharmacological agents 3 months prior to the development of diabetes (0 = “no high-

risk drug” and 1 = “high-risk drug”). 
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3.3.4 Unknown Variables 

Several variables of importance were not included in the analyses, because 

no information was available on them from the database.  A major limitation of 

using secondary databases is that they had not been developed for the purpose to 

answer the research question.   

No information was available regarding patients’ lifestyle; specifically their 

physical exercise and diet habits.  Although lack of cardiovascular exercise 246 and 

consumption of large amounts of calories have been shown as major contributing 

factors in the development of diabetes, being overweight is probably the most 

important underlying preventable risk factor for diabetes. 16  Furthermore, as being 

overweight is a consequence of the above lifestyle factors to a large extent, it may be 

reasonable to accept as a valid substitute.   

Another issue surrounds the use of body mass index (BMI) as a measure of 

adiposity.  Studies have used other (often argued as better) indicators, such as waist-

to-hip ratio and abdominal skinfold, as measures of central body fat distribution.  

Nevertheless, BMI continues to be an accepted and valid indicator of being 

overweight and has been shown to be a strong risk factor for diabetes. 16 

Sedentary lifestyle may also result from (or being indicated by) 

cardiovascular comorbidity.  Thus, controlling for post- myocardial infarction, 

congestive heart failure, or coronary artery disease, as well as for obstructive airway 

disorders (i.e., Congestive Obstructive Pulmonary Disease (COPD) and asthma) 
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might also be necessary.  However, the database did not have information on these 

factors.  Another important risk factor for diabetes is related to hereditary factors.  

Studies have shown that these factors, as identified by history of diabetes in close 

relatives, play an important role in the development of diabetes in several 

populations. 247-252  On the other hand, family history of diabetes was not an 

independent risk factor in the longitudinal population study from Uppsala, Sweden. 

16  This finding may reflect that insulin resistance is the risk factor that is inherited; a 

factor that has been partially controlled for in the study. 

3.4 Statistical Analyses 

Based on their antihypertensive therapy, patients were categorized into three 

models, as described in the Study Cohort section.  Patients were followed “as 

treated,” which was favorable and followed one major strength of conducting 

database studies; i.e., to depict “real-life” medical practice.  The effect of single 

antihypertensive therapies was assessed in Model 1.  An indicator variable for ‘dual 

therapy’ was entered (and thus controlled for) in Model 2, while another indicator 

variable for ‘three or more therapies’ was entered (and controlled for) in Model 3.   

SAS version 8.2 (Cary, North Carolina) was utilized to perform all statistical 

and descriptive analyses.  For each study cohort, incidence of diabetes (incidence 

density) and relative risk to develop diabetes (hazard function) were determined.  

Survival curves (time to occurrence of diabetes) utilizing the Kaplan-Meier 

procedure were used to describe the results in each treatment group.  Additionally, 
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the Cox regression model was used to assess the development of diabetes, while 

accounting for changes in antihypertensive therapy and controlling for other risk 

factors.  Treating the variable-of-interest (i.e., antihypertensive therapy) as a time-

dependent covariate, this method preserves the effect of a patient’s drug history over 

time. 253  Finally, ANCOVA statistical method was used to assess the effect of 

antihypertensive therapies on blood glucose levels.  The alpha level of significance 

for all inferential statistics was set at the 0.05 level.  

3.4.1 Survival Analysis 

Censoring technique and survival analysis were used to overcome the 

challenge of different observation periods and incomplete information on the study 

endpoints (many patients, especially those who entered the study later, were not 

followed until the study endpoint occurred).  In general, survival time refers to the 

length of time it takes until an event occurs (also called time-to-event).  In the 

context of this research, survival time refers to the time it takes to develop diabetes 

(i.e., event = new-onset diabetes).  Using this method is necessary when the 

researcher only knows that the patient is ‘event free’ at the end of the study, yet 

his/her survival time is longer.  When the only information available about a 

patient’s survival time is to exceed a certain value, the survival times are being 

censored.  Observations were censored if a patient discontinued antihypertensive 

medications before the end of the follow-up period (May 31, 2004) and did not 

develop type 2 diabetes. 
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Survival function is used to estimate the elapsed time to develop diabetes 

when censored data are present.  The value of the survival function was one at Time 

0, because all patients were assumed to be free from diabetes at the beginning of the 

follow-up period.  Also, the survival function ended at 99 months, as that was the 

longest possible follow-up duration.  The following assumptions are required to be 

met for a survival analysis to be valid. 254  First, the events recorded for individuals 

need to be statistically independent.  In other words, individuals should not be 

represented more than once in the data set.  Second, the event must represent a 

change from one of two mutually exclusive and collectively exhaustive states to 

another.  In other words, a patient cannot be grouped into the ‘diabetic’ and ‘non-

diabetic’ states at the same time; however, every patient needs to be categorized into 

one of these states.  Third, survival time should be measured precisely (in months, or 

days, if possible), as the underlying methods were developed primarily for use with 

continuous data.  Fourth, the independent-censoring assumption requires no 

systematic error in censoring.  In other words, censoring should be unrelated to the 

probability of event occurrence.  The fifth, final assumption requires all patients to 

be free from the event (diabetes) when they enter the study.  This final assumption 

may have been violated in the study, given the large number of patients with 

undiagnosed type 2 diabetes.  Nevertheless, there is no reason to believe that this 

violation biased the results towards one particular treatment group. 
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The Kaplan-Meier survival function was used to describe the duration of 

developing new-onset diabetes after the use of different antihypertensive 

therapies.255  Additionally, Cox Regression analysis was used to build multivariate 

models that relate demographic and clinical covariates (both on categorical and 

continuous scales) to survival. 256  More detail of these methods will follow in the 

corresponding objective analyses. 

3.4.2 Objective Analyses 

3.4.2.1 Objective 1 

“To describe the demographic and clinical characteristics of the study 

population, including the incidence of diabetes.” 

Descriptive statistics (frequency, mean, range, and variance) were performed 

to address Objective 1.  Demographic (i.e., age, gender, and race/ethnicity) and 

clinical (i.e., BMI, change in BMI, IGT, dyslipidemia, severity of hypertension, 

blood pressure control, duration of hypertension, and “high-risk” drug therapy) 

variables of the Study Model (Figure 19) will be presented. 

3.4.2.2 Objective 2 

“To describe utilization patterns of antihypertensive medications.” 

Descriptive statistics (frequency, mean, median, range, and variance) were 

performed to address Objective 2.  Utilization of antihypertensive medications will 

be described as well as the mean, median, and range of dose for the different 



 

 

 140 

therapies.  Additionally, medication availability ratios and duration of using each 

category of antihypertensive therapy will be described. 

3.4.2.3 Objective 3 

“To describe the “time to occurrence of diabetes” in each single 

antihypertensive treatment group (i.e., 1) angiotensin converting 

enzyme inhibitor (ACEI); 2) angiotensin II receptor blocker (ARB); 

3) alpha-blocker; 4) beta-blocker; 5) calcium channel blocker (CCB); 

6) diuretic (i.e., loop diuretic, potassium-sparing diuretic, or 

aldosterone-receptor blocker); 7) thiazide diuretic; and 8) other single 

drug therapy (i.e., direct vasodilator or central alpha2-agonist)) and 

“no antihypertensive therapy.” 

Objective 3 was addressed in Model 1, which included the most frequently 

used antihypertensive therapies.  The Kaplan-Meier estimator of the survivorship 

function was used, which describes time-to-event for all observations, both 

uncensored and censored.  In censored observations, the outcome of interest (i.e., 

development of diabetes) may not have occurred during the study’s follow-up 

period, because 1) the patient did not develop diabetes by the end of the follow-up 

period; or 2) the patient had discontinued antihypertensive therapy.  In other words, 

Kaplan-Meier survival curves (probability of surviving on the vertical axis and 

period of time following the beginning of the observation is on the horizontal axis) 

are used to describe the length of time it takes for an event to occur in the context of 
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incomplete (censored) information.  Using the Kaplan-Meier method, the probability 

of surviving to any point in time was estimated and graphically described from the 

cumulative probability of surviving each of the time intervals that preceded it.  

Patients on different antihypertensive therapies were compared. 

3.4.2.4 Objective 4 

“To assess the relationship between antihypertensive therapies and 

the development of diabetes, while controlling for demographic (i.e., 

age, gender, race/ethnicity) and clinical (i.e., BMI (baseline and 

change), IGT, dyslipidemia, severity of hypertension, blood pressure 

control, duration of hypertension, antihypertensive therapy (adherence 

and duration), ‘high risk’ drug therapies), risk factors.” 

Five hypotheses were tested in Objective 4, using the first Cox Regression 

model (Model 1). 256  The relationship between antihypertensive therapies and the 

development of type 2 diabetes was assessed, while controlling for demographic and 

clinical variables.  Variables with high correlations (e.g., duration of hypertension 

and duration of antihypertensive therapy) were assessed to avoid multicollinearity.   

Cox developed the following basic model, which does not include a time-

dependent covariate: 

hi(t) = ?0(t)exp(ß1xi1 + …+ ßkxik), 
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where the hazard for individual i at time t is the product of a baseline hazard function 

[?0(t)] and the exponentiated linear function of k fixed covariates.  Taking the 

logarithm of both sides, we can rewrite the model as: 

log hi(t) = a(t) + ß1xi1(t) + ß2xi2 +… + ß14xi14, 

where a(t) = log ?0(t) and the hazard at time t depends on the value of x1 at time t as 

well as the value of the other fourteen covariates (x2- x14) that will be used in the 

model.  The following variables were identified for Model 1, based on the Study 

Model (Figure 19): 

hi: Time to develop diabetes 

x1: Antihypertensive therapy (Model 1)* 

x2: Age 

x3: Gender 

x4: Race/ethnicity 

x5: Duration of hypertension 

x6: Hypertension severity 

x7: Duration of hypertension therapy 

x8: Adherence to antihypertensive therapy 

x9: Blood pressure control 

x10: Body Mass Index (BMI) 

x11: Change in BMI 
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x12: Impaired Glucose Tolerance (IGT) 

x13: Dyslipidemia 

x14: ‘High risk’ therapies 

*Model 1 categories include 1) angiotensin converting enzyme inhibitor (ACEI); 2) angiotensin II 
receptor blocker (ARB); 3) alpha-blocker; 4) beta-blocker; 5) calcium channel blocker (CCB); 6) 
diuretic (i.e., loop diuretic, potassium-sparing diuretic, or aldosterone-receptor blocker); 7) thiazide 
diuretic; and 8) other single drug therapy (i.e., direct vasodilator or central alpha2-agonist)) and 9) “no 
antihypertensive therapy.” 

 

3.4.2.5 Objective 5 

“To assess the relationship between antihypertensive therapies and 

blood glucose levels while controlling for demographic (i.e., age, 

gender, race/ethnicity) and clinical (i.e., BMI (baseline and change), 

IGT, dyslipidemia, severity of hypertension, blood pressure control, 

duration of hypertension, antihypertensive therapy (adherence and 

duration), ‘high risk’ drug therapies) risk factors.” 

Ten hypotheses (H6-H15) were tested in Objective 5, using Model 1.  The 

dependent variable for these hypotheses was the change in blood glucose levels from 

baseline to follow-up.  Both the maximum and average blood glucose values were 

assessed based on a minimum of two values, as discussed in the previous section.  

Specifically, random blood glucose changes were evaluated among patients treated 

with thiazide (hypotheses 6 and 7) beta-blocker (hypotheses 8 and 9), CCB 

(hypotheses 10 and 11) ACEI (hypotheses 12 and 13), and ARB (hypotheses 14 and 

15) therapies, while controlling for other demographic and clinical variables. 
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The analysis of covariance (ANCOVA) statistical procedure was used to 

address the above hypotheses.  ANCOVA is a similar procedure to analysis of 

variance (ANOVA), in which the researcher can test whether mean differences in the 

dependent variable between groups are larger than expected by chance.  ANCOVA 

is also based on F-statistics.  However, the independent variable (i.e., 

antihypertensive therapy) – dependent variable (i.e., change in blood glucose) 

relationship is better explored in ANCOVA, which is capable for removing the 

confounding effect of covariates (i.e., demographic and clinical variables).  The 

following variables, based on the Study Model (Figure 19), were identified to be 

included as covariates in the ANCOVA analysis: 

Age, gender, race/ethnicity, duration of hypertension, hypertension 
severity, duration of hypertension therapy, adherence to 
antihypertensive therapy, blood pressure control, Body Mass Index 
(BMI), change in BMI, Impaired Glucose Tolerance (IGT), 
dyslipidemia, and ‘high risk’ therapies. 

 

3.4.2.6 Objective 6 

“To assess the relationship between antihypertensive dual therapies 

(such as beta-blocker and thiazide, ACEI and thiazide, ACEI and 

CCB, ARB and thiazide, adrenergic inhibitor and thiazide, and 

diuretic combinations) and the development of diabetes, while 

controlling for demographic (i.e., age, gender, race/ethnicity) and 

clinical (i.e., BMI (baseline and change), IGT, dyslipidemia, severity 

of hypertension, blood pressure control, duration of hypertension, 
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antihypertensive therapy (adherence and duration), ‘high risk’ drug 

therapies), risk factors, as well as the individual effects of 

antihypertensive therapies.” 

Six hypotheses (H16-H21) were tested in Objective 6, using Model 2.  The 

additional effect of ‘dual therapies’ on the development of type 2 diabetes was 

assessed.  As no indication exist in the literature regarding the relationship between 

antihypertensive ‘dual therapies’ and the incidence of diabetes, the hypotheses in 

Objective 6 were compared to the null; i.e., “no difference.” 

The following Cox model was assessed: 

log hi(t) = a(t) + ß1xi1(t) + ß2xi2 +… + ß14xi14, 

hi: Time to develop diabetes 

x1: Antihypertensive therapy (Model 2)* 

x2: Age 

x3: Gender 

x4: Race/ethnicity 

x5: Duration of hypertension 

x6: Hypertension severity 

x7: Duration of hypertension therapy 

x8: Adherence to antihypertensive therapy 

x9: Blood pressure control 

x10: Body Mass Index (BMI) 

x11: Change in BMI 
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x12: Impaired Glucose Tolerance (IGT) 

x13: Dyslipidemia 

x14: ‘High risk’ therapies 

*Model 2 categories include dual therapies in addition to therapies of Model 1. 

 

3.4.2.7 Objective 7 

“To assess the relationship between antihypertensive combination 

therapies (simultaneous use of three or more antihypertensive 

therapies) and the development of diabetes, while controlling for 

demographic (i.e., age, gender, race/ethnicity), clinical (i.e., BMI 

(baseline and change), IGT, dyslipidemia, severity of hypertension, 

blood pressure control, duration of hypertension, antihypertensive 

therapy (adherence and duration), ‘high risk’ drug therapies) risk 

factors, ‘dual therapies,’ and the individual effects of antihypertensive 

therapies.” 

Objective 7 served to “generate hypotheses” regarding the effect of three or 

more therapies on the development of type 2 diabetes, using Model 3.  The 

additional effect of the simultaneous use of =3 therapies on the development of type 

2 diabetes was assessed. 

The following Cox model was assessed: 

log hi(t) = a(t) + ß1xi1(t) + ß2xi2 +… + ß14xi14, 
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hi: Time to develop diabetes 

x1: Antihypertensive therapy (Model 3)* 

x2: Age 

x3: Gender 

x4: Race/ethnicity 

x5: Duration of hypertension 

x6: Hypertension severity 

x7: Duration of hypertension therapy 

x8: Adherence to antihypertensive therapy 

x9: Blood pressure control 

x10: Body Mass Index (BMI) 

x11: Change in BMI 

x12: Impaired Glucose Tolerance (IGT) 

x13: Dyslipidemia 

x14: ‘High risk’ therapies 

*Model 3 categories include simultaneous use of three or more therapies, in addition to therapies in 
Model 2. 

 

3.5 IRB Approval 

The study was approved by the investigational review boards of The 

University of Texas at Austin and the Central Texas Veterans Health Care System 

(CTVHCS).  In accordance with the CTVHCS IRB requirements, no unique 

identifiers were collected and all time-sensitive data elements were marked by the 

calendar year of occurrence; i.e., year of birth, year of first evidence for enrollment, 

and year of death.  Participants were not required to provide informed consent, as the 

study proposed the analysis of preexisting data. 
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Chapter 4  

Results 

The results of the study will be discussed in this chapter, including 

descriptive statistics of the study population and objective analyses.  Using 

electronic medical records, patients were followed between September 1, 1995 and 

May 31, 2004, as depicted in Figure 17 of Chapter 3.  The average follow-up period 

was 3.6 years.  The study sample consisted of 11,187 hypertensive veterans from the 

17th division of the Veterans Integrated Service Network (VISN), central region.  

Patient criteria for the study were 1) age of =18 years; 2) new diagnosis with 

hypertension (as determined from ICD-9 codes and blood pressure readings); 3) no 

documentation for preexisting diabetes (as determined from ICD-9 codes, random 

blood glucose levels, and hypoglycemic therapy); 4) no evidence of kidney problems 

(as determined from creatinine levels and from the presence of microalbuminuria); 

and 5) valid medication exposure; 6) continuous enrollment in the VISN central 

region health care system.  Table 13 shows the study’s exclusion criteria with the 

corresponding sample sizes after implementation of each criterion. 
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Table 13.  Study Exclusion Criteria and Sample Size 

Study Exclusion Criteria Excluded Sample Size 

Patients with hypertension 56,799 

1. Age of <18 years 4 56,795 

2. Preexisting hypertension1 33,095 23,700 

3. Preexisting diabetes2 5,434 18,266 

4. Kidney problems3 941 17,325 

5. Medication-exposure criteria4 5285 12,040 

6. No continuous enrollment5 853 11,187 

Final sample size of the study 11,187 

1 6 months prior to index date 
2 6 months pre- and 3 months post index date 
3 Those with missing laboratory data on creatinine or albumin were assumed to have no kidney-related problems 
4 All of the following criteria were applied: 1) at least two outpatient refills on two separate days; 2) minimum 90 

days of exposure; 3) minimum 1 year on antihypertensive therapy 
5 Evidence of health-care utilization at the VA system at a minimum of 365-day time period 

 

4.1 Descriptive Statistics 

Study variables correspond to the study model, as presented in Figure 19 in 

Chapter 3.  Two main categories included demographic and clinical variables.  

Demographic variables represented age, gender, and race/ethnicity of the study 

sample.  Clinical variables included body mass index (both baseline and change 

from baseline to follow-up), impaired glucose tolerance, dyslipidemia, severity of 

hypertension, control of hypertension, duration of hypertension, and presence of 

“high risk” drug therapies, such as antipsychotics, niacin, and corticosteroids.  

Characteristics (duration, adherence, and type) of antihypertensive therapy will be 
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described after the demographic and clinical sections, as patients’ categorization to 

study groups was based on the class of antihypertensive therapy the patient had 

taken during the course of the study.  Description of the study’s two outcome 

measurements, survival until new onset diabetes and change in blood glucose levels 

(both average and maximum), will conclude the descriptive section of the chapter. 

4.1.1 Demographic Variables 

Patients’ demographic characteristics that were available from medical 

records included age, gender and race/ethnicity.  The descriptive statistics of 

demographic variables are discussed below and data are shown in Tables 14-16. 

4.1.1.1 Age and Gender 

The average age of the patients was 61 years (SD: 12.7).  The majority 

(78.7%) of the patients were =50 years of age.  No one in the study sample was less 

than 18 years of age; a small percentage of patients were between the ages of 18 and 

34 (1.6%), and about one-fifth (19.6%) of the patients could be categorized as young 

adults between the ages of 35 and 49 (Table 14).  Regarding patients’ gender, more 

than 95 percent of patients in the sample were males, as expected from a sample of 

veterans (Table 15). 
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Table 14.  Mean and Frequency Distribution of Age 

Age N Percent (%)1 

18-34 181  1.6 

35-49 2,192 19.6 

50-54 1,615 14.4 

55-64 2,552 22.8 

65-74 2,767 24.7 

75-84 1,727 15.4 

=85 153 1.4 

Total 11,187 99.9 

Mean Age (SD): 60.7 (12.7)  Range: 22.0 – 98.0 

1 Percentages do not add up to 100, due to rounding 

 

Table 15.  Frequency Distribution of Gender 

Gender N Percent (%)1 

Male 10,656 95.3 

Female 531 4.8 

Total 11,187 100.1 

1 Percentages do not add up to 100, due to rounding 
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4.1.1.2 Race/Ethnicity 

The racial/ethnic distribution of the study sample is shown in Table 16.  Data 

was missing for more than half (56.7%) of the sample.  Among those for whom data 

was available, the majority (73.8%) were Whites, followed by Blacks (22.9%).   

 

Table 16.  Frequency Distribution of Race/ethnicity 

Race/ethnicity N Percent (%) 

American Indian or Alaska Native 24 0.5 

Asian 11 0.2 

Black or African American 1,044 22.9 

Native Hawaiian or other 118 2.6 

White 3,370 73.8 

Total 4,5671 100.0 

1 Race/ethnicity could not be assessed for 6,620 (56.7%) patients, due to missing data 

 

4.1.2 Clinical Variables 

Factors that present risks for the development of diabetes are grouped as 

“clinical variables” (see the study model in Figure 19).  Clinical variables included 

body mass index (in kg/m2), impaired glucose tolerance (assigned at baseline, if the 

patient’s random blood glucose level was between <200 mg/dL and =140 mg/dL or 

was diagnosed with the condition), dyslipidemia (determined at baseline, by either 
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HDL =35 mg/dL or triglycerides =250 mg/dL, prescription for dyslipidemia  therapy, 

or diagnosis for the condition), hypertension severity (determined one year post-

index by the number of antihypertensive medications prescribed), blood pressure 

control (determined by the average systolic and diastolic measurements), duration of 

hypertension (from the first date of hypertension to the study endpoint), and 

prescription for “high risk” therapies (i.e., antipsychotics, nicotinic acid, or 

corticosteroids) during the last 3 months of follow-up.  The descriptive statistics of 

clinical variables are discussed below and data are shown in Tables 17-24.   

4.1.2.1 BMI (Body Mass Index) 

The way obesity might have affected the development of diabetes was 

assessed in two ways: by baseline BMI as well as by the change in BMI between 

baseline and follow-up.  The following formula was used to calculate BMI values: 

 

BMI =  

 

The majority of the study sample (73.7%) had baseline BMI levels of =25 

kg/m2 which corresponds to the clinical categorization of being overweight.  Further 

categorization, as derived from the Health Professional Follow-up Study and JNC-7, 

156;244 showed that only 24.8 percent of the patients fell into the normal BMI category 

Weight in kilograms (kg) 

Height in squared meters (m2) 
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of (between 18.5 and 25 kg/m2) (Table 17).  A small percentage of patients could be 

characterized as being underweight, as defined by a BMI level of less than 18.5. 

 

Table 17.  Mean and Frequency Distribution of Baseline BMI 

Baseline BMI N Percent (%)1 

<18.5 140 1.4 

18.5 - 21.9 762 7.9 

22.0 – 24.9 1,634 16.9 

25.0 – 29.9 3,970 41.0 

30.0 – 34.9 2,241 23.1 

=35.0 934 9.6 

Total 9,6812 99.9 

Mean baseline BMI Mean (SD): 28.3 (5.3) 

1 Percentages do not add up to 100, due to rounding 
2 Baseline BMI could not be assessed for 1,506 patients (13.5%) due to missing data 

 

In addition to baseline BMI, change in BMI values from baseline to follow-

up was also assessed.  On average, patients’ BMI increased by 0.16 (SD: 2.15) kg/m2 

during the course of the study.  The median BMI increase was 0.12 kg/m2 indicating 

that the distribution was positively skewed.  The mean and frequency distribution of 

change in BMI values are presented in Table 18. 
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Table 18.  Mean and Frequency Distribution of Change in BMI 

Change in BMI N Percent (%) 

< -2.0 702 10.8 

-2.0 – -1.1 757 11.6 

-1.0 – -0.1 1,499 23.0 

0.0 –  0.9 1,780 27.3 

1.0 –  1.9 878 13.5 

2.0 –  2.9 422 6.5 

= 3.0 474 7.3 

Total 6,5121 100.0 

Mean change in BMI (SD): 0.16 (2.15)  Median change in BMI: 0.12 

1 Change in BMI could not be assessed for 4,675 patients (41.8%), due to missing data 

 

4.1.2.2 Impaired Glucose Tolerance (IGT) 

Baseline Impaired Glucose Tolerance (IGT) was assessed by having either 

an ICD-9 code of 790.2 or random glucose values of <200 mg/dL and =140 mg/dL.  

Based on these criteria, 9.1% of patients were identified as having IGT at baseline 

(Table 19).   
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Table 19.  Frequency of Impaired Glucose Tolerance (IGT)1 

 N Percent (%) 

ICD-9: 790.2 314 2.8 

Random glucose: <200 mg/dL and 
=140 mg/dL 727 6.5 

Total2 1,012 9.1 

1 Patients with missing blood glucose levels at baseline were assumed not to have IGT 
2 Categories are not mutually exclusive 

 

4.1.2.3 Dyslipidemia 

Dyslipidemia was assessed by HDL and triglyceride levels at baseline.  In 

addition, patients who were prescribed dyslipidemia therapy during the baseline time 

period of six months were also categorized as having dyslipidemia.  Cut-off values 

to indicate high HDL or triglyceride levels were derived from the most recent 

position statement of the American Diabetes Association: “Screening for type 2 

diabetes.” 42 Overall, 40 percent of the sample were identified as having 

dyslipidemia (Table 20). 
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Table 20.  Frequency of Dyslipidemia1 

 N Percent (%) 

HDL cholesterol =35 mg/dL 1,550 13.9 

Triglyceride =250 mg/dL 1,246 11.1 

Dyslipidemia therapy 3,267 29.2 

Total2 4,478 40.0 

1 Patients with missing blood glucose levels at baseline were assumed not to have dyslipidemia 
2 Categories are not mutually exclusive 

 

4.1.2.4 Hypertension Severity 

Baseline severity of hypertension was assessed by the number of 

antihypertensive therapies the patient received simultaneously within one year after 

initiating therapy.  As patients may have used several combinations, the highest 

number of combinations was used for each patient to assess severity.  Almost 40 

percent (38.3%) of the patients were characterized as having more severe cases of 

hypertension (Table 21), as indicated by taking two or more different types of 

antihypertensive medications simultaneously during the first year of therapy.  More 

than half (54.4%) of the patients took only one medication during the first year of 

their therapy, while less than 10 percent (7.3%) did not take any medications.  A 

small percentage (3.1%) of patients needed four or more therapies simultaneously 

during their first year of therapy to adequately control their blood pressure.  In the 
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categorization of ‘hypertension severity,’ patients were grouped into “less severe” 

and “more severe” categories (Table 21). 

 

Table 21.  Frequency Distribution of Hypertension Severity 

Severity of 
hypertension 

Number of 
medication-
episodes1 

N Percent (%) 

0 817 7.3 Less severe (“no 
therapy” or 
monotherapy) 1 6,081 54.4 

2 2.812 25.1 

3 1,128 10.1 

More severe 
(combination 
therapy) 

4 or more 349 3.1 

Total 11,187 100.0 

1 During the first year of therapy 

 

4.1.2.5 Blood Pressure Control 

Patients had a mean systolic blood pressure (SBP) of 140 (SD: 13.2) mmHg 

and a mean diastolic blood pressure (DBP) of 76.6 (SD: 8.5) mmHg.  For patients 

without diabetes or kidney disease, blood pressure is considered to be controlled 

below 140 systolic and 90 diastolic mmHg levels.  Based on the 140/90 target blood 

pressure, patients were categorized into ‘controlled’ or ‘not controlled’ categories; 

approximately half of the patients could be categorized with controlled blood 

pressure (Table 22). 



 

 

 159 

Table 22.  Blood Pressure Control 

 N1 Percent (%) 

Controlled 5,580 50.1 

Not controlled 5,560 49.9 

Total2 11,140 100.0 

1 Data on blood pressure control was not available for 47 patients  

 

The dichotomous categorization of blood pressure control will be used in the 

objective analysis, as proposed by others and summarized in a meta-analysis by 

Cappuccio and colleagues.257  For descriptive purposes, the proportion of 

measurements patients were under the targeted blood pressure level is presented in 

Table 23.  In the study sample, patients had controlled blood pressure on 

approximately 50 percent of the measurements.  Blood pressure measurements 

below the target SBP and DBP levels were generally equally spread from 0 to 100 

percent, with approximately 10 percent at each level.   
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Table 23.  Frequency Distribution of Blood Pressure Control 

Frequency of blood pressure <140/90 
mmHg measurements 

N Percent (%)1 

0.00 – 0.09 1,027 9.2 

0.10 – 0.19 1,101 9.9 

0.20 – 0.29 1,100 9.9 

0.30 – 0.39 1,255 11.3 

0.40 – 0.49 1,137 10.2 

0.50 – 0.59 1,388 12.5 

0.60 – 0.69 1,225 11.0 

0.70 – 0.79 978 8.8 

0.80 – 0.89 945 8.5 

0.90 – 1.00 984 8.8 

Total2 11,140 100.1 

1 Percentages do not add up to 100, due to rounding 
2 Blood pressure control could not be assessed for 47 patients, due to missing data 

 

4.1.2.6 Duration of Hypertension 

Duration of hypertension was defined as the number of days from the first 

indication of high blood pressure (ICD-9 code of 401-401.99 or 405-405.99 or blood 

pressure reading =140/90 mm/Hg) to the end of follow-up.  The average duration of 

hypertension in the study was 4.3 (SD: 2.2) years, ranging from one year to 8.3 
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years.  Table 24 shows the mean and frequency distribution of the duration of 

hypertension variable. 

 

Table 24.  Mean and Frequency Distribution of the Duration of Hypertension 

Duration of hypertension (in years) N Percent (%) 

1 year – less than 2 years 2,118 18.9 

2 years – less than 3 years 1,740 15.6 

3 years – less than 4 years 1,650 14.8 

4 years – less than 5 years 1,379 12.3 

5 years – less than 6 years 1,251 11.2 

6 years – less than 7 years 1,067 9.5 

7 years – less than 8 years 1,226 11.0 

8 years or more 756 6.8 

Total 11,187 100.11 

Mean duration of hypertension (SD): 4.3 (2.2) years 

1 Percentages do not add up to 100, due to rounding 

 

4.1.2.7 ‘High Risk’ Therapies 

Finally, several pharmacological agents have been associated with increased 

risk of new-onset diabetes.  About ten percent (10.5%) of the study sample was 

identified as receiving these “high risk” therapies during the last 90 days of their 

follow-up.  Table 25 shows the frequency distribution of patients who may have 
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been at additional risk of developing diabetes because of their exposure to these 

therapies. 

 

Table 25.  Frequency of Treatment with “High Risk” Therapy 

 Medications N Percent (%) 

Antipsychotic 647 5.8 

Corticosteroid 362 3.2 

“High risk” 
therapies 

Nicotinic acid 210 1.9 

Total1 1,179 10.5 

1 Categories are not mutually exclusive 

 

4.1.3 Study Treatment Categories 

Patients’ utilization of antihypertensive therapies was described by 1) overall 

and 2) independent group categories.  In the first group, patients were categorized to 

individual classes of antihypertensive medications, based on their exposure to the 

drug alone or in combination with other classes of antihypertensive medications any 

time during the study period.  In the following pages, this group category will be 

referred to as the “overall group” category, which includes antihypertensive 

therapies ‘alone or in combination.’  The frequency distribution of medications in 

the “overall group” is presented in Table 26.  There were 19,931 ‘single (alone or in 

combination)’ treatment episodes during the course of the study; thus, patients took 
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approximately 1.8 different classes of antihypertensive medications, on average.  

The most frequently used drugs were calcium channel blockers (CCBs, 22.4%), 

angiotensin converting enzyme inhibitors (ACEIs, 21.4%), beta-blockers (19.9%), 

thiazide and other diuretics (16.6%), and alpha-blockers (13.5%).  Less than five 

percent of the patients did not receive any therapy (3.9%) or received the latest class 

of antihypertensives (ARBs; 1.3%), which was not on the VA formulary at the time 

of the study.  Antihypertensive medications classified into the “other” group were 

also taken infrequently (1.5%).  Central alpha2-agonists (guanabenz, clonidine, 

methyldopa, reserpine, and guanfacine) and direct peripheral vasodilators (e.g., 

hydralazine, minoxidil, and sodium nitropusside) represented the “other” category.  

The “Overall” group categories were entered into the first Cox regression model to 

address Objective 4. 
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Table 26.  Frequency Distribution of the Overall Group Category 

Medication Frequency Percent(%) Cumulative 
Frequency 

Cumulative 
Percent (%) 

Alpha-
blocker 

222,698 13.0 2,698 13.0 

ACEI 4,445 21.4 7,143 34.4 

ARB 274 1.3 7,417 35.7 

Beta-blocker 4,128 19.9 11,545 55.6 

CCB 4,639 22.4 16,184 78.0 

Diuretic 1,478 7.1 17,662 85.1 

Other1 304 1.5 17,966 86.6 

Thiazide 
diuretic 

1,965 9.5 19,931 96.1 

No therapy 817 3.9 20,748 100.0 

ACEI: Angiotensin Converting Enzyme Inhibitor; ARB: Angiotensin II Receptor Blocker; CCB: Calcium Channel 
Blocker 
1 Other category includes direct vasodilators and central alpha2-agonists 

 

“Independent” observations supplemented the “overall” categories of 

antihypertensive therapies.  According to JNC-7, about two-thirds of hypertensive 

patients need to take at least two different antihypertensive medications together to 

adequately control their blood pressure.156  The goal with the second classification 

method was to capture simultaneous medication use; i.e., exposure to different ‘dual’ 

and ‘three or more’ combinations and therapeutic changes as they occur with time.  

By defining antihypertensive therapy as a time-dependent variable, combination 

therapies were identified for any given day for each patient in the sample.  In the 
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following pages, this classification is referred to as “Independent groups,” which 

include ‘single therapy alone,’ ‘dual therapies alone,’ and ‘three or more therapies 

alone.’  Substantially more information has become available about patients’ 

medication utilization patterns from the “independent” classification.   

For example, it is possible that the patient was taking a thiazide diuretic for 6 

months, then was switched to an ACEI for another 6 months, and finally to the 

combination of the two for half-year (Figure 21).  Using the first “overall” 

categorization, this patient would be classified into the “thiazide” and “ACEI” 

groups only.  However, through “independent” categorization, combinations were 

included as separate therapeutic episodes.  Thus, the example patient would be 

classified into the ‘thiazide,’ ‘ACEI,’ and ‘ACEI/ HCTZ’ groups as well.   

 

Figure 21.  Antihypertensive Therapy Categories (Example 1) 

 

 

 

 

ACEI: angiotensin converting enzyme inhibitor (A CEI); HCTZ: hydrochlorothiazide 

 

Another hypothetical patient took ACEI for six months, then, after a 15-day 

gap, CCB was added until the end of the patient’s 2-year therapy (Figure 22).  
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However, the patient had a 90-day gap in his/her therapy at one year into therapy and 

a 90-day supply of a beta-blocker at one year and four months (420 days) into 

therapy.   

 

Figure 22.  Antihypertensive Therapy Categories (Example 2) 

 

 

 

 

 
 
 
ACEI: angiotensin converting enzyme inhibitor (ACEI); BB: beta-blocker; CCB: calcium channel blocker; HCTZ: 
hydrochlorothiazide 

 

Table 27 describes the data structure for the “independent” time-dependent 

treatment variable using the above two examples.  For each day the patient is 

followed in the study, he/she is evaluated for taking antihypertensive medications.  

Dichotomous variables were created, with “1” indicating presence and “0” indicating 

the absence of therapy on any given day.  Patients were assigned to the 

“independent” groups based on these therapy-assignments. 
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Table 27.  Data Structure of the Independent (Time-dependent) Treatment Variable 

UID Day AB ACEI ARB BB CCB Diuretic HCTZ Other Independent  
therapy 

101 1-180 0 0 0 0 0 0 1 0 HCTZ 

101 181-365 0 1 0 0 0 0 0 0 ACEI 

101 366-540 0 1 0 0 0 0 1 0 ACEI/HCTZ 

201 1-180 0 1 0 0 0 0 0 0 ACEI 

201 180-195 0 0 0 0 0 0 0 0 No therapy 

201 196-365 0 1 0 0 1 0 0 0 ACEI/CCB 

201 366-420 0 0 0 0 0 0 0 0 No therapy 

201 421-480 0 1 0 0 1 0 0 0 ACEI/CCB 

201 481-570 0 1 0 1 1 0 0 0 ACEI/BB/CCCB 

201 571-720 0 1 0 0 1 0 0 0 ACEI/CCB 

AB: Alpha-blocker; ACEI: Angiotensin Converting Enzyme Inhibitor; ARB: Angiotensin II Receptor Blocker; BB: beta-blocker; CCB: Calcium Channel 
Blocker; HCTZ: Hydrochlorothiazide; UID: unique patient identifier 
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Table 28 describes antihypertensive therapies and the number of medications 

patients took on any day during the course of the study.  Overall, 29,561 treatment 

episodes have been identified; an average of about 2.6 per patient.  Close to half 

(41.6%) of these episodes involved one medication, although patients frequently 

used antihypertensive therapies in dual (26.9%) and three or more (15.9%) 

combinations as well.   

Considerably more “no therapy” episodes were present in the “independent” 

versus the “overall” group categories (15.6% versus 3.9%).  Treatment episodes 

were defined for each day the patient was in the study with counting “no therapy,” if 

a “gap” in the therapy occurred, as described in the example of the second 

hypothetical patient (Table 27).  A “gap” period started after the last day’s supply as 

well as a 45-day grace period has been exhausted without new refill.  Thus, 

treatment gaps were responsible for the considerably more “no therapy” episodes in 

the “independent group”.  Including “gap” periods was partially responsible for the 

difference in the average number of treatment episodes (1.8 vs. 2.6) as well.  

Accounting for combination-therapies was the basis of the two Cox models (Models 

2 and 3) that were used to address Objectives 6 and 7. 
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Table 28.  Frequency Distribution of the Independent Group Category 

Medication Frequency Percent(%) Cumulative 
Frequency 

Cumulative 
Percent (%) 

No therapy 4,604 15.6 4,604 15.6 

Single therapy 
alone 12,303 41.6 16,907 57.2 

Dual therapies 
alone 7,958 26.9 24,865 84.1 

Three or more 
therapies alone 4,696 15.9 29,561 100.0 

 

In the objective analyses, the study sample was divided into three main 

categories, corresponding to Models 1-3 in Chapter 3.  Model 1 corresponds to the 

“overall” category with “time constant” categorization of antihypertensive therapies 

and “no therapy.”  Model 2 includes ‘dual therapies alone,’ as defined by the “time 

varying” categorization method, in addition to the “overall” categories.  Finally, 

Model 3 includes ‘dual therapies alone’ and ‘three or more therapies alone’ in 

addition to the “overall” categories.  (Note: the ‘single therapy alone’ group was 

included in the following tables for descriptive purposes only). 

The primary objective of the study was to assess the relative risk of 

developing diabetes after exposure to antihypertensive therapies.  Exposure to 

different medications may occur at any given time during the study, so patients were 

retained in the study until the end of the follow-up, which was defined as 1) 

development of diabetes, or 2) discontinuation of antihypertensive medication 
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without new therapy; or 3) end of follow-up period (May 31, 2004); whichever 

occurred first.   

Follow-up time periods, from the first to the last refill date, including gaps if 

occurred, and medication availability ratios are presented for the “overall” (Table 

29) and the “independent” (Table 30) group categories.  Follow-up periods were 

calculated for the time the patient was on a specific antihypertensive therapy.  

Patients had several therapy episodes (up to twelve per patient) during the course of 

the study.  “Gaps” between these episodes were included into the medication 

availability formula, which was used to estimate the proportion of time the patient 

had possession of his/her antihypertensive therapy.  Medication availability ratio was 

calculated using the formula previously described by Steiner and Prochazka:258 

 

 

 

Both mean and median values were reported, as most values had slightly 

skewed distributions.  It is important to note that the descriptive statistics in the 

following tables do not necessarily support cross-comparisons between the “overall” 

and “independent” groups, as they represent two different ways of describing 

antihypertensive therapies.  The “overall group” was the basis of the analysis to 

Total days supply during study period 

Last refill date – First refill date 

      Medication 
 availability  = 
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assess the effect of antihypertensive therapies on new-onset diabetes; whereas 

“independent group” controlled for the combination use of these medication. 

In the “overall” group (Table 29), patients were taking ‘single therapies 

(alone or in combination)’ for almost three years (2.9 years; SD: 2.1), on average, 

with a median of 2.3 years.  In comparison, antihypertensive patients who were not 

on any therapy were followed-up for an average of 3.3 years (SD: 1.8), with a 

median of 2.9 years.  Antihypertensive medications were available for the patients 

the majority of the time.  The median medication availability was 94 percent, while 

the average was somewhat lower (0.90; SD: 0.27), indicating negatively skewed 

distrib ution of the measurement. 

Patients were followed for more than three years if they received “no 

therapy,” (3.3 years; SD: 1.8), CCBs (3.2 years; SD: 2.2), or alpha-blockers (3.1 

years; (SD:2.1).  Patients taking ARBs (2.1 years; SD: 1.4) thiazides (2.1 years; 

SD:1.7) or other diuretics (2.4 years; SD: 1.9), or “other” antihypertensive therapies 

(2.3 years; SD: 1.8) had slightly over a two-year follow-up period.  Lengths of 

antihypertensive therapies were positively skewed, which was represented by their 

lower median values.  The median length of therapy was 6 months shorter compared 

to the average follow-up time period (2.3 versus 2.9 years, respectively).  

Having one of the shortest lengths of therapy, patients taking ARBs had the 

highest rate of medication availability (0.94; SD: 0.23), whereas patients who took 

beta-blockers had the lowest (0.88; SD: 0.25) value.  As mentioned before, 
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medication availability was negatively skewed; for example, patients taking beta-

blockers had a median medication availability of 0.92, as opposed to the average 

value of 0.88.  Patients taking diuretics had the lowest median medication 

availability (0.91).  In general, patients portrayed a very modest variation regarding 

the proportion of time antihypertensive medications were available to them.  The 

average medication availability ranged from 0.88 to 0.94; whereas the median values 

ranged from 0.91 to 0.97. 
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Table 29.  Overall Group Categories with Length of Therapy and Medication Availability Ratio 

Group category Therapy N1 Percent (%) Mean (SD) and median 
follow-up in years 

Mean (SD) and median 
Medication Availability 

No therapy Not applicable 817 3.9 3.3 (1.8) 
 2.9  Not Applicable 

Alpha-blocker 2,698 13.0 3.1 (2.1) 
 2.6  

.89 (.27) 
 .93  

ACEI 4,445 21.4 2.9 (2.1) 
 2.3  

.92 (.26) 
 .95  

ARB 274 1.3 2.1 (1.4) 
 1.8  

.94 (.23) 
 .97  

Beta-blocker 4,128 19.9 2.9 (2.1) 
 2.4  

.88 (.25) 
 .92  

CCB 4,639 22.4 3.2 (2.2) 
 2.6  

.89 (.25) 
 .94  

Diuretic 1,478 7.1 2.4 (1.9) 
 1.8  

.91 (.30) 
 .91  

Thiazide 
diuretic 1,965 9.5 2.1 (1.7) 

 1.5  
.90 (.27) 
 .93  

 

Single therapy 
(alone or in 
combination) 

Other2 304 1.5 2.3 (1.8) 
 1.6  

 .92 (.32) 
 .93  

TOTAL 20,748 100.0 2.9 (2.1) 
 2.3  

.90 (.26) 
.94  

ACEI: Angiotensin Converting Enzyme Inhibitor; ARB: Angiotensin II Receptor Blocker; CCB: Calcium channel blocker 
1 Total numbers do not add up, due to the possibility of patients switching between classes of antihypertensive agents 
2 Other category includes direct vasodilators and central alpha2-agonist
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Regarding the “independent” groups, similarly to the overall group, the most 

frequently used monotherapies (i.e., ‘single therapy alone’) were CCBs (26.9%), 

beta-blockers (22.1%), and ACEIs (21.6%).  Thiazide diuretics have been added to 

this list, because of their elevated importance from the study’s perspective.  

Descriptive statistics for the ‘single’ as well as the ‘dual’ and ‘three or more’ 

combination of these four therapies with one another and with other classes of 

antihypertensive medications (i.e., ARBs, other diuretics, alpha-blockers, direct 

vasodilators, and central alpha2-agonists) will be described next. 

In the independent group categories, patients took ‘single therapy alone’ for 

an average of two years (2.0 years; SD: 2.0; median: 1.3 years) ‘dual therapies 

alone’ for 1.6 years (SD: 1.6; median: 1.0 years), whereas ‘three or more therapies’ 

for about 1.5 years (SD: 1.6; median: 0.9 years).  The distribution was positively 

skewed as indicated by the lower median values.   

Among antihypertensive therapies that were used as ‘single therapy only,’ 

CCBs had the longest (2.2 years; SD: 2.0; median: 1.6 years), whereas ARBs, 

thiazide diuretics, and diuretics had the shortest follow-up (1.2 years; SD: 1.3; 

median: 0.8 years, 1.2 years; SD: 1.5; median: 0.7 years, and 1.3 years; SD: 1.6; 

median: 0.6, respectively).  When describing ‘dual therapies alone,’ the beta-

blocker/CCB (1.7 years; SD: 1.7; median: 1.1 years) and the CCB/Other (1.7 years; 

SD: 1.7; median: 1.1 years) dual combinations were associated with the longest 

follow-up.  On the other hand, the BB/HCTZ dual combination was taken for the 
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shortest period of time (1.2 years; SD: 1.4; median: 0.7 years).  Finally, among the 

‘three or more’ combination therapies, CCB/Other (two or more) combinations (1.8 

years; SD: 1.7; median: 1.1 years) were used for the longest; whereas the 

ACEI/HCTZ/Other and BB/HCTZ/Other combinations were taken for the shortest 

(0.9 years; SD: 1.3; median: 0.4 years and 0.9 years; SD: 1.0; median: 0.5 years, 

respectively) period of time. 

Medication availability portrayed an opposite trend to the length of follow-

up: for longer follow-up periods, patients had smaller medication availability.  The 

ratios were negatively skewed, with all of the median values showing 100 percent 

medication availability.  Among antihypertensive therapies that were used as ‘single 

therapy only,’ ARBs (0.92; SD: 0.21) and thiazide diuretics (0.91; SD: 0.24) had the 

highest, whereas CCBs had the lowest (0.87; SD: 0.25) rate of medication 

availability.  When describing therapies that were only used as ‘dual therapies 

alone,’ the beta-blocker/thiazide diuretic combination was associated with the 

highest medication availability (0.94; SD: 0.18).  Other dual combinations were also 

associated with high medication availability, with 0.90 being the lowest value.  

Finally, among the ‘three or more’ combination therapies, the lowest medication 

availabilities were associated with the ACEI/BB/Other, ACEI/CCB/Other, and 

CCB/Other (two or more), all having 0.92 (SD: 0.18) medication availability and 

ACEI/BB/CCB combination with 0.92 (SD: 0.17) medication availability.  The 
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ACEI/thiazide diuretic/Other combinations had the highest availability ratio: 0.98 

(SD: 0.10). 

In summary, an opposite trend was observed between the length of follow-up 

and medication availability.  Antihypertensive agents, when taken alone were 

associated with longer follow-up and lower medication availability rate, compared to 

the combination therapies.  Overall, patients were taking their medications for an 

average of 1.7 years (SD: 1.8), although the majority of the cases showed shorter 

length of follow-up, as indicated by the median of 1.1 years.  The overall medication 

availability was very high, with an average of 0.88 (SD: 0.24) and a median of 1.00. 
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Table 30.  Independent Group Categories with Length of Therapy and Medication Availability Ratio 

Group 
category 

Therapy N1 Percent (%) Mean (SD) and median 
length of therapy, in yrs 

Mean (SD) and median 
Medication Availability 

No therapy Not applicable 4,604 100.0 1.7 (1.8) 
 1.1  Not applicable 

ACEI 2,652 21.6 1.9 (2.0) 
 1.2  

.88 (.25) 
 1.00  

ARB 124 1.0 1.2 (1.3) 
 0.8  

.92 (.21) 
 1.00  

Beta-blocker 2,724 22.1 2.0 (1.9) 
 1.4  

.88 (.24) 
 1.00  

CCB 3,304 26.9 2.2 (2.0) 
 1.6  

.87 (.25) 
 1.00  

Diuretic 680 5.6 1.3 (1.6) 
 0.6  

.89 (.25) 
 1.00  

Thiazide 
diuretic 812 6.6 1.2 (1.5) 

 0.7  
.91 (.24) 

 1.00  

Other2 2,007 16.3 2.3 (2.1) 
 1.6  

.88 (.24) 
 1.00  

 

Single therapy  
alone 

TOTAL 12,303 100.1 2.0 (2.0) 
 1.3  

.88 (.25) 
 1.00  
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Table 30.  Independent Group Categories with Length of Therapy and Medication Availability Ratio continued 

Group 
category Therapy N1 Percent (%) Mean (SD) and median 

length of therapy, in yrs. 
Mean (SD) and median 
Medication Availability 

ACEI+BB 1,021 12.8 1.5 (1.6) 
1.0  

.91 (.21) 
1.00  

ACEI+CCB 1,012 12.7 1.6 (1.8) 
0.9  

.91 (.20) 
1.00  

ACEI+HCTZ 572 7.2 1.5 (1.5) 
1.0  

.94 (.18) 
1.00  

ACEI+Other2 854 10.7 1.6 (1.7) 
1.0  

.90 (.22) 
1.00  

BB+CCB 816 10.3 1.7 (1.7) 
1.1  

.91 (.21) 
1.00  

BB+HCTZ 308 3.9 1.2 (1.4) 
0.7  

.94 (.18) 
1.00  

BB+Other2 778 9.8 1.4 (1.6) 
0.8  

.90 (.22) 
1.00  

CCB+HCTZ 462 5.8 1.3 (1.3) 
0.8  

.93 (.19) 
1.00  

CCB+Other2 940 11.8 1.7 (1.7) 
1.1  

.90 (.22) 
1.00  

Other dual 
therapies 1,195 15.0 1.5 (1.6) 

1.0  
.90 (.23) 

1.00  

 

Dual therapy 
alone 

TOTAL 7,958 100.0 1.6 (1.6) 
1.0  

.91 (.21) 
1.00  
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Table 30.  Independent Group Categories with Length of Therapy and Medication Availability Ratio continued 

Group 
category Therapy N1 Percent (%) Mean (SD) and median 

length of therapy, in yrs. 
Mean (SD) and median 
Medication Availability 

ACEI+BB+
Other2 549 11.7 1.6 (1.6) 

 1.1  
.92 (.18) 

 1.00  

ACEI+CCB+ 
Other2 528 11.2 1.5 (1.7) 

 0.9  
.92 (.18) 

 1.00  

ACEI+HCTZ+
Other2 141 3.0 0.9 (1.3) 

 0.4  
.98 (.10) 

 1.00  

ACEI+Other 
(two or more) 305 6.5 1.3 (1.5) 

 0.7  
.96 (.14) 

 1.00  

BB+CCB+ 
Other2 431 9.2 1.0 (1.1) 

 0.7  
.93 (.18) 

 1.00  

BB+HCTZ+ 
Other2 93 2.0 0.9 (1.0) 

 0.5  
.95 (.16) 

 1.00  

BB+Other2 
(two or more) 392 8.3 1.6 (1.6) 

 0.9  
.94 (.16) 

 1.00  

CCB+HCTZ+
Other2 134 2.9 1.3 (1.4) 

 0.7  
.94 (.18) 

 1.00  

 

Three or 
more 
therapies 
alone 

CCB+Other2 
(two or more) 562 12.0 1.8 (1.7) 

 1.1  
.92 (.18) 

 1.00  
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Table 30.  Independent Group Categories with Length of Therapy and Medication Availability Ratio continued 

Group 
category Therapy N1 Percent (%) Mean (SD) and median 

length of therapy, in yrs. 
Mean (SD) and median 
Medication Availability 

ACEI+BB+ 
CCB 498 10.6 1.6 (1.6) 

1.0  
.92 (.17) 

1.00  

ACEI+BB+ 
CCB+HCTZ 137 2.9 1.3 (1.4) 

 0.7  
.93 (.18) 

1.00  

ACEI+BB+ 
HCTZ 247 5.3 1.3 (1.3) 

 0.9  
.93 (.17) 

1.00  

ACEI+CCB+ 
HCTZ 316 6.7 1.5 (1.5) 

 1.0  
.94 (.16) 

1.00  

BB+CCB+ 
HCTZ 162 3.4 1.3 (1.4) 

 0.9  
.95 (.14) 

1.00  

Other (three or 
more)2 201 4.3 1.3 (1.4) 

 0.7  
.94 (.16) 

1.00  

 

Three or 
more 
therapies 
alone 

TOTAL 4,696 100.0 1.5 (1.6) 
 0.9  

.93 (.17) 
1.00  

OVERALL3 29,561 100.0 1.7 (1.8) 
1.1  

.88 (.24) 
1.00  

ACEI: Angiotensin Converting Enzyme Inhibitor; ARB: Angiotensin II Receptor Blocker; BB: beta-blocker; CCB: Calcium channel blocker; HCTZ: 
hydrochlorothiazide; yrs.: years; 
1 Total numbers do not add up, due to the possibility of patients switching between classes of antihypertensive agents 
2 Other category refers to one or more medications from the following classes: alpha-blockers, direct vasodilators, and central alpha2-agonists 
3 Refers to ‘single therapy alone,’ ‘dual therapy alone,’ and ‘three or more therapies alone’ group categories 
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4.1.4 Study Outcomes 

The two main outcomes of the study were new-onset diabetes and change in 

blood glucose levels.  The length of time to develop diabetes served as the primary 

outcome of the study; whereas differences between baseline and follow-up blood 

glucose levels served as the secondary outcome.  New-onset diabetes was identified 

based on 1) diagnosis of diabetes; 2) random blood glucose =200 mg/dL; or 3) 

prescription for hypoglycemic medication.  Any combination of at least two positive 

documentations was required, in order to have a more specific criterion when 

evaluating the study’s primary outcome.  The date of the second documentation 

served to calculate the duration of time to develop diabetes.  Duration of time to 

develop diabetes was included in the survival analyses and will be addressed in the 

objective analyses section of the chapter.   

New diabetes episodes were associated with a particular therapy, if the 

patient was taking the therapy at the date of diabetes.  Overall, 1,144 patients 

developed diabetes during the average of 3.6 years of follow-up (survival), which 

corresponds to a cumulative incidence rate of 2.2 per 100 person-years, using the 

following formula: 

 

 

New cases of diabetes 

Duration of antihypertensive 
therapy (in person-years) 

Incidence (per 100 person-years) = X 100 
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From the “overall” therapies, 1,753 patients have been associated with new 

diabetes, as one diabetes event may have been associated with more than one therapy 

if the patient was on a combination therapy.  Table 31 shows the number of new 

diabetes cases while the patient was treated with ‘no therapy’ or ‘single therapy 

(alone or in combination).’  Patients taking ‘diuretic’ therapy had the highest 

incidence of diabetes (5.5 per 100 person-years), followed by patients on ARBs (3.9 

per 100 person-years), and ACEIs (3.7 per 100 person-years).  Patients taking “no 

therapy” had the lowest incidence of diabetes: 1.9 per 100 person-years. 

Blood glucose levels represented the secondary study outcome.  The 

difference between baseline blood glucose levels (3 months pre- and post index date) 

and follow-up blood glucose levels (when antihypertensive therapy has been 

initiated for at least 3 months) was calculated to determine change in blood glucose 

(BG) levels. 

 

 

At least two blood glucose readings were required; otherwise averages could 

have not been calculated.  Table 31 also describes average and maximum blood 

glucose levels in the overall group for the baseline and for the baseline to follow-up 

difference.  The average mean and maximum baseline blood glucose was 105.6 

mg/dL (SD: 15.8) and 110.5 mg/dL (SD: 21.8), respectively.  The average mean and 

maximum blood glucose change was 6.9mg/dL (SD: 26.5) and 12.3mg/dL (SD: 

Change in BG = Baseline BG Follow-up BG 
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46.8) in the overall therapy group.  Small variation has been observed among the 

average baseline blood glucose levels ranging from 103.9mg/dL (SD: 15.1) to 

106.7mg/dL (SD: 16.7).  Similarly small variation was present among the maximum 

baseline blood glucose levels ranging from 107.7mg/dL (SD: 19.7) to 113.9mg/dL 

(SD: 26.1). 

Regarding baseline to follow-up change in the average blood glucose levels, 

the ‘no therapy’ group had the smallest difference (2.7mg/dL; SD: 21.0), followed 

by the ‘ARB’ (3.4mg/dL; SD: 18.2) and the ‘alpha-blocker’ (5.5mg/dL; SD: 22.6) 

groups.  Patients taking ‘diuretics’ experienced the largest increase in their average 

blood glucose: 9.1 mg/dL (SD: 28.2).  Similar trend was observed with maximum 

blood glucose levels.  Patients taking ‘no therapies’ had the smallest difference 

(5.0mg/dL; SD: 33.3), followed by the ‘ARB’ (6.1mg/dL; SD: 29.9) and the ‘alpha-

blocker’ (10.4mg/dL; SD: 39.3) groups.  Patients taking ‘diuretics’ had the largest 

increase when exploring maximum blood glucose levels: 19.8mg/dL (SD: 64.1) as 

well. 
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Table 31.  Diabetes and Blood Glucose Levels in Overall Therapies 

Group 
Categories 

Therapy n1 Follow-up, 
person yrs 

Diabetes 
(%)  

Incidence4 Baseline Mean (SD) 
/Max (SD) BG3  

Change in Mean 
(SD) / Max (SD) BG3 

No therapy Not 
applicable 817 2,656 51 (6.2) 1.9 103.9 (15.1)  

107.7 (19.7) 
2.7 (21.0) 
5.0 (33.3) 

Alpha-
blocker 2,698 7,472 187 (6.9) 2.5 104.9 (15.3) 

108.8 (19.3) 
5.5 (22.6) 

10.4 (39.3) 

ACEI 4,445 11,354 421 (9.5) 3.7 106.1 (16.3)  
111.3 (22.9) 

7.4 (27.2) 
12.1 (46.2) 

ARB 274  539 21 (7.7) 3.9 106.7 (14.1)  
111.1 (17.8) 

3.4 (18.2) 
6.1 (29.9) 

Beta-
blocker 4,128 10,518 332 (8.0) 3.2 105.8 (16.1)  

111.6 (23.4) 
6.7 (25.6) 

11.1 (44.8) 

CCB 4,639 13,053 433 (9.3) 3.3 105.6 (15.9)  
109.9 (20.7) 

7.6 (28.0) 
13.6 (48.7) 

Diuretic 1,478 3,196 176 (11.9) 5.5 106.4 (16.1)  
113.9 (26.1) 

9.1 (28.2) 
19.8 (64.1) 

Thiazide 
diuretic 1,965 3,650 114 (5.8) 3.1 104.9 (14.9)  

107.9 (17.7) 
7.0 (28.2) 

12.1 (43.5) 

 
Single 
therapy 
(alone or in 
combination) 

Other2 304 614 18 (5.9) 2.9 106.7 (16.7)  
112.8 (22.2) 

8.4 (35.8) 
17.9 (62.9) 

TOTAL  20,748 53,052 1,753 3.3 105.6 (15.8)  
110.5 (21.8) 

6.9 (26.5) 
12.3 (46.8) 

ACEI: Angiotensin Converting Enzyme Inhibitor; ARB: Angiotensin II Receptor Blocker; BG: Blood Glucose; CCB: Calcium Channel Blocker; 
1 Number of patients who has taken the therapy 
2 Other category includes direct vasodilators and central alpha2-agonists 
3 Blood glucose levels in mg/dL 
4 New diabetes cases per 100 person-years 
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Table 32 shows the number of new diabetes cases as well as baseline and 

baseline to follow-up differences in blood glucose levels among patients treated with 

‘no therapy’ or ‘single alone,’ ‘dual alone,’ or ‘three or more’ combination therapies.  

In the ‘single alone’ group, patients treated with ‘ACEIs’ and ‘diuretics’ were 

associated with the largest incidence of diabetes: 2.7 and 5.4 per 100 person-years, 

respectively.  Patients taking ‘no therapy’ had the smallest incidence of diabetes: 0.6 

per 100 person-years.  Overall, the incidence of diabetes among patients taking 

‘single therapies alone’ was 1.7 per 100 person-years.  ‘Dual’ and ‘three or more’ 

therapies were associated with more diabetic events: the overall incidence was 2.8 

per 100 person-years in both groups.  The incidence of diabetes among patients 

taking ‘dual’ and ‘three or more’ therapies ranged from 0.6 to 4.1 per 100 person-

years. 

Among patients on ‘dual therapy,’ those who were taking ACEI and CCB 

combinations appeared to be at the highest risk.  The incidence of diabetes was the 

highest among those treated with ‘ACEI/HCTZ,’ followed by ‘ACEI/CCB,’ 

‘ACEI/Other,’ and ‘BB/CCB’ (3.9, 3.1, 3.0, and 3.0 per 100 person-years, 

respectively).  Patients who took beta-blocker combinations of ‘BB/HCTZ’ and 

‘ACEI/BB’ were at the lowest risk with incidence rates of 2.4 and 2.3 per 100 

person-years. 

Among patients taking ‘three or more therapies,’ those who were taking 

ACEI and CCB therapies appeared to be at the highest risk to develop diabetes.  The 
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incidence rates were 4.1, 3.7, and 3.5 per 100 person-years for patients treated with 

‘ACEI/Other (two or more),’ ‘ACEI/BB/CCB,’ and ‘ACEI/CCB/Other,’ 

respectively.  Therapies with beta-blockers appeared to be associated with lower risk 

to develop diabetes: ‘BB/HCTZ/Other,’ ‘ACEI/BB/CCB/HCTZ,’ ‘BB/CCB/HCTZ,’ 

‘ACEI/BB/HCTZ,’ and ‘CCB/HCTZ/Other’ had incidence rates of 2.2, 1.7, 1.4, 1.3, 

and 0.6 per 100 person-years. 

The overall baseline blood glucose levels in the “independent” groups were 

very similar to the “overall” group: 105.0mg/dL (SD: 15.2) for the average and 

109.7mg/dL (SD: 20.7) for the maximum values.  There were no remarkable 

differences between patients treated with ‘single,’ ‘dual,’ and ‘three or more’ 

therapies in their average and maximum baseline blood glucose levels.  However, 

average and maximum blood glucose levels increased more among those who were 

treated with ‘dual’ (7.5mg/dL (SD: 27.4) and 13.6mg/dL (SD: 49.3)) or ‘three or 

more’ therapies (8.5mg/dL (SD: 25.9) and 15.1mg/dL (SD: 45.3)), compared to 

patients taking ‘single’ therapy alone: 6.3mg/dL (SD: 26.6) and 11.1mg/dL (SD: 

46.6).   

In the ‘single’ therapy group, patients treated with ‘diuretics’ had the largest 

increase in both the average (8.9mg/dL; SD: 32.2) and the maximum (21.0mg/dL; 

SD: 75.8) blood glucose levels; whereas patients on ‘ARB’ therapy had the smallest 

increase: 1.7mg/dL (SD: 16.8) in average and 3.0mg/dL (SD: 26.7) in maximum 

blood glucose levels.  Regarding ‘dual’ therapies, patients treated with CCBs in 
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combination with thiazide diuretics had the largest increase in average blood 

glucose: 9.2mg/dL (SD: 38.8); whereas patients taking ACEI with other 

antihypertensive medication had the largest increase in the maximum blood glucose 

levels: 19.1mg/dL (SD: 57.1).  The lowest increase was associated with the beta-

blocker/hydrochlorothiazide combination: 5.8mg/dL (SD: 17.8) in average and 

9.6mg/dL (SD: 27.9mg/dL) in maximum blood glucose levels. 

Similar findings can be reported for the ‘three or more’ group.  ACEIs taken 

with two ‘other’ medications were associated with the largest average (11.4mg/dL; 

SD: 37.3); whereas ‘ACE’ taken with ‘CCB’ and an ‘other’ therapy with the largest 

maximum (20.2mg/dL; SD: 60.4) blood glucose increase.  The lowest increase was 

associated with the beta-blocker/hydrochlorothiazide/other combination: 0.4mg/dL 

(SD: 19.5) in average and 5.7mg/dL (SD: 36.7mg/dL) in maximum blood glucose 

levels. 
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Table 32.  Diabetes and Blood Glucose Levels in Independent Therapies 

Group 
Categories 

Therapy n1 Follow-up, 
person yrs 

Diabetes 
(%) 

Incidence4 Mean (SD) and Max 
(SD) Baseline BG3 

Change in Mean (SD) 
and Max (SD) BG3 

No therapy Not 
applicable 4,604 7,860 51 (1.1) 0.6 103.8 (14.5) 

108.2 (19.4) 
5.7 (27.3) 
9.4 (42.9) 

ACEI 2,652 5,039 137 (5.2) 2.7 106.1 (16.4)  
111.2 (21.8) 

6.5 (26.9) 
10.7 (43.0) 

ARB 124 149 2 (1.6) 1.3 
104.1 (  9.9)  
108.4 (13.6) 

1.7 (16.8) 
3.0 (26.7) 

Beta-
blocker 2,724 5,419 109 (4.0) 2.0 105.3 (16.3)  

111.3 (22.8) 
6.3 (25.3) 

10.5 (45.4) 

CCB 3,304 7,339 163 (4.9) 2.2 104.8 (15.3)  
108.8 (19.4) 

7.0 (28.6)  
11.9 (48.2) 

Diuretic 680 855 46 (6.8) 5.4 105.5 (15.5)  
113.9 (23.5) 

8.9 (32.2) 
21.0 (75.8) 

Thiazide 
diuretic 812 972 21 (2.6) 2.2 103.9 (14.4)  

106.6 (16.5) 
6.6 (31.7)  

10.9 (47.4) 

Other2 2,007 4,604 72 (3.6) 1.6 104.0 (14.6)  
108.0 (18.9) 

4.4 (19.9)  
8.4 (35.7) 

 
Single 
therapy 
alone 

TOTAL 12,303 32,237 550 (4.5) 1.7 105.1 (15.6)  
109.9 (20.8) 

6.3 (26.6)  
11.1 (46.6) 
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Table 32.  Diabetes and Blood Glucose Levels in Independent Therapies continued 

Group 
Categories Therapy n1 Follow-up, 

person yrs 
Diabetes 

(n) Incidence4 Mean (SD) and Max 
(SD) Baseline BG3  

Change in Mean (SD) 
and Max (SD) BG3 

ACEI
+BB 1,021 1,571 36 (3.5) 2.3 104.7 (14.4)  

112.0 (28.4) 
7.6 (29.5)  

10.8 (52.7) 
ACEI+ 
CCB 1,012 1,654 52 (5.1) 3.1 105.0 (15.2)  

109.1 (18.9) 
6.1 (20.5)  

11.3 (38.4) 
ACEI+ 
HCTZ 572 845 33 (5.8) 3.9 105.8 (16.0)  

108.7 (18.4) 
7.6 (24.6)  

11.1 (34.6) 
ACEI+ 
Other2 854 1,335 40 (4.7) 3.0 105.3 (14.9)  

110.8 (19.4) 
8.5 (24.3)  

19.1 (57.1) 

BB+CCB 816 1,384 41 (5.0) 3.0 106.7 (15.8)  
112.4 (21.2) 

8.5 (24.7)  
14.5 (47.2) 

BB+ 
HCTZ 308 382 9 (2.9) 2.4 105.1 (14.8)  

108.2 (17.7) 
5.8 (17.8)  
9.6 (27.9) 

BB+ 
Other2 778 1,120 31 (4.0) 2.8 105.2 (15.1)  

110.5 (19.5) 
6.4 (26.9)  

13.3 (46.1) 
CCB+ 
HCTZ 462 596 16 (3.5) 2.7 104.2 (14.0)  

107.7 (17.5) 
9.2 (38.8)  

15.2 (59.3) 
CCB+ 
Other2 940 1,587 42 (4.5) 2.6 105.4 (15.2)  

110.0 (20.1) 
7.5 (25.5)  

16.6 (59.6) 
Other 
dual 
therapies2 

1,195 1,841 46 (3.8) 2.5 
104.6 (14.9)  
109.0 (19.5) 7.5 (34.0)  

13.0 (48.6) 

 
Dual 
therapy 
alone 

TOTAL 7,958 12,315 346 (4.3) 2.8 105.2 (15.1)  
110.1 (20.8) 

7.5 (27.4)  
13.6 (49.3) 
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Table 32.  Diabetes and Blood Glucose Levels in Independent Therapies continued 

Group 
Categories Therapy n1 Follow-up, 

person yrs 
Diabetes 

(%) 
Incidence

4 
Mean (SD) and Max 
(SD) Baseline BG3  

Change in Mean (SD) 
and Max (SD) BG3 

ACEI+BB+ 
Other2 549 887 25 (4.6) 2.8 105.6 (15.2)  

112.7 (30.5) 
6.7 (21.1) 

11.2 (45.1) 

ACEI+CCB+ 
Other2 528 806 28 (5.3) 3.5 106.0 (16.3)  

111.1 (20.4) 
10.5 (26.3) 
20.2 (60.4) 

ACEI+HCTZ+
Other2 141 122 4 (2.8) 3.3 105.0 (16.6)  

109.3 (20.4) 
9.4 (28.1) 

16.8 (50.5) 

ACEI+Other 
(two or more)2 305 386 16 (5.2) 4.1 106.9 (16.9)  

111.4 (21.3) 
11.4 (37.3) 
19.5 (54.8) 

BB+CCB+ 
Other2 431 704 20 (4.6) 2.8 105.3 (15.9)  

108.8 (18.7) 
8.1 (21.4) 

14.5 (34.2) 

BB+HCTZ+ 
Other2 93 92 2 (2.2) 2.2 106.8 (17.6)  

110.7 (20.0) 
0.4 (19.5) 
5.7 (36.7) 

BB+Other (two 
or more)2 392 634 20 (5.1) 3.2 104.6 (12.7)  

108.8 (16.4) 
9.5 (30.3) 

16.0 (45.5) 

CCB+HCTZ 
Other 134 173 1 (0.7) 0.6 103.8 (11.7)  

106.1 (13.9) 
7.2 (21.5)  

14.4 (31.4) 

CCB+Other 
(two or more)2 562 999 21 (3.7) 2.1 104.7 (15.2)  

108.4 (18.6) 
8.3 (24.6)  

14.4 (36.9) 

 

Three or 
more 
therapies 
alone 

ACEI+BB+ 
CCB 498 776 29 (5.8) 3.7 106.1 (15.4)  

112.3 (24.9) 
8.4 (24.4)  

13.7 (42.8) 
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Table 32.  Diabetes and Blood Glucose Levels in Independent Therapies continued 

Group 
Categories Therapy n1 Follow-up, 

person yrs 
Diabetes 

(%) Incidence4 Mean (SD) and Max 
(SD) Baseline BG3 

Change in Mean (SD) 
and Max (SD) BG3 

ACEI+BB+ 
CCB+HCTZ 137 178 3 (2.2) 1.7 103.1 (13.4)  

106.5 (15.7) 
9.7 (21.2)  

19.5 (40.8) 

ACEI+BB+ 
HCTZ 247 315 4 (1.6) 1.3 105.5 (16.4)  

108.9 (18.2) 
6.9 (19.7)  

10.5 (28.3) 

ACEI+CCB+ 
HCTZ 316 462 14 (4.4) 3.0 103.6 (13.5)  

107.2 (17.1) 
8.8 (28.4)  

13.9 (42.2) 

BB+CCB+ 
HCTZ 162 209 3 (1.9) 1.4 107.0 (15.9)  

111.0 (19.5) 
7.4 (19.6)  

15.1 (40.8) 

Other three  
or more 
therapies2 

201 254 7 (3.5) 2.8 104.1 (14.4)  
109.4 (22.6) 

10.0 (34.0)  
18.3 (61.1) 

 

Three or 
more 
therapies 
alone 

TOTAL 4,696 6,997 197 (4.2) 2.8 105.3 (15.2)  
110.0 (21.4) 

8.5 (25.9)  
15.1 (45.3) 

OVERALL 29,561 51,549 1,144 (3.9) 2.2 105.0 (15.2)  
109.7 (20.7) 

6.9 (26.9)  
12.2 (46.7) 

ACEI: Angiotensin Converting Enzyme Inhibitor; CCB: Calcium channel blocker; ARB: Angiotensin II Receptor Blocker; HCTZ: thiazide diuretic; BB: 
beta-blocker; SD: standard deviation; BG: blood glucose 
1 Number of patients who has taken the therapy 
2 Other category includes alpha-blockers, direct vasodilators, and central alpha2-agonists 
3 Blood glucose levels in mg/dL 
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4.2 Assessing Baseline Differences 

In order to assess potential differences in baseline characteristics, the 

demographic and clinical variables were compared between “no therapy” and the 

three study groups: “overall group” (‘single alone and in combination’), 

“independent group” (‘dual therapies alone’), and “independent group” (‘three or 

more therapies alone’).  In Table 33, the number of treatment episodes and the 

corresponding number of patients in each group category are described. 

Table 33.  Frequency Distributions in each Group category 

Group Category Number of 
therapies, n 

Number of  
patients, n 

No therapy1 817 817 

Overall Group1  
MODEL 1 19,931 10,370 

TOTAL 20,748 11,187 

Independent Group  
MODEL 22 7,958 5,771 

Independent Group 
MODEL 32 4,696 2,948 

1 Mutually exclusive categories: the sum ‘number of patients’ provides the total sample size 
2 Independent groups are not mutually exclusive: they provide a different categorization method, which overlaps 
 with the “Overall Group” 

 

As previously discussed, the group categories were not mutually exclusive; 

i.e., patients may be represented in different groups.  Given the lack of independence 

between the observation-groups, statistical inferences on the patient-level baseline 
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characteristics were not drawn.  In Table 34, the group categories were compared on 

each study variable. 

Patients receiving “no therapy” were somewhat younger (55.0 years of age; 

SD: 12.3) compared to the other groups.  The majority of the patients were males, 

ranging from 94 percent to 96 percent between the groups.  Non-White patients were 

represented at an increasing percent in the “overall” (26%), “Dual therapies alone” 

(27%), and the “three or more therapies alone” (32%) compared to “no therapy” 

(23%).  Baseline BMI level had a slight variation between the groups, ranging from 

27.7kg/m2 (SD: 4.2) to 29.2kg/m2 (SD: 5.6).  Similarly, baseline and change in blood 

glucose levels showed marginal difference between the main group categories.  

Considerably more patients who received “no therapy” had dyslipidemia (56%) 

compared to patients the antihypertensive groups (39%), although they were 

somewhat less likely to have impaired glucose intolerance (8.0 versus 9.0 percent).   

More severe hypertension was defined as the number of antihypertensive 

medications the patients receives within the first year of follow-up.  Thus, by 

definition, patients in the ‘no therapy’ group had ‘less severe’ hypertension.  A 

higher proportion of patients had more severe hypertension in the ‘dual therapies 

alone’ (62%) and the ‘three or more therapies alone’ (73%) groups compared to the 

‘single (alone or in combination)’ group (38%) categories.  Similarly, a higher 

proportion of patients were identified with uncontrolled hypertension in the 

“Overall” and “Independent” categories compared to patients receiving “no therapy” 
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(52%, 58%, 64%, and 19%, respectively).  Duration of hypertension and medication 

availability show similar trends as well.  Finally, patients on “no therapy” were more 

frequently taking “high risk” therapies (15%), compared to the other groups 

(between 10 and 11 percent.). 
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Table 34.  Baseline Differences Between the Group Categories1 

Variables No therapy 
N=817 

Overall Group 
(Model 1) 
N=10,370 

Independent Group  
(Model 2) 
N=5,771 

Independent 
Group 
(Model 3) 
N=2,948 

Age (Mean, SD) 55.0 (12.3) 61.2 (12.7) 61.8 (12.4) 62.1 (12.2) 

Gender (%, males) 94.0 95.0 96.0 96.0 

Race/Ethnicity  
(%, Whites) 77.0 74.0 73.0 68.0 

BMI (in kg/m2;  
mean, SD)2 27.7 (4.2) 28.4 (5.4) 28.8 (5.5) 29.2 (5.6) 

Change in BMI (in kg/m2; 
mean, SD)  0.2 (2.0)  0.2 (2.2)  0.2 (2.4)  0.3 (2.6) 

BG level (in mg/dL; mean, 
SD)2 103.9 (15.1) 105.9 (16.5) 105.6 (15.4) 105.6 (15.5) 

Dyslipidemia (%)2,3 56.0 39.0 39.0 39.0 



 

 

 196 

Table 34.  Baseline Differences Between the Group Categories1 continued 

Variables No therapy 
N=817 

Overall Group 
(Model 1) 
N=10,370 

Independent Group 
(Model 2) 
N=5,771 

Independent 
Group 
(Model 3) 
N=2,948 

IGT (%)2,4  8.0  9.0  9.0  9.0 

More severe hypertension 
(%)2,5  0.0 38.0 62.0 73.0 

Uncontrolled blood 
pressure (%)6 19.0 52.0 58.0 64.0 

Duration of hypertension, 
in years (mean, SD)  4.1 (1.8)  4.5 (2.2)  5.0 (2.2)  5.2 (2.2) 

Medication Availability 
(proportion) 

N/A  0.77 (0.22) 0.79 (0.19)  0.80 (0.18) 

“High risk” therapy (%) 15.0 10.0 10.0 11.0 

BG: blood glucose; BMI: body mass index; IGT: impaired glucose tolerance; N/A: Not applicable 
1 Patients can appear in multiple groups 
2 Baseline values 
3 Dyslipidemia is identified by a) pharmacologic  therapy; b) triglyceride = 250 mg/dL; or c) HDL = 35 mg/dL 
4 Defined as a) 790.2 ICD-9 code; or b) random glucose <200 and = 140mg/dL 
5 Prescription for two or more antihypertensive medications 
6 Frequency of blood pressure measurements <140/90 mmHg 
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Baseline characteristics of the study sample are described in Table 35 for the 

“overall” group, as it serves as the basis of the objective analyses.  Patients’ ages 

ranged from 57.9 (SD: 12.2) years to 66.1 (SD: 11.9) years with patients taking 

diuretics being the oldest on average.  Males represented the majority in each group 

category, ranging from 91 percent to 100 percent, with no female receiving ‘alpha-

blocker’ therapy in the study.  Also, proportionally more Whites received ‘alpha-

blocker’ therapy (81%), compared to the ‘direct vasodilator’ or ‘central alpha2-

blocker’ therapies that were categorized into the ‘other’ group (48%).  Baseline BMI 

levels were slightly lower among patients receiving ‘alpha-blockers,’ (27.8 kg/m2 

(SD: 5.0) and highest for patients receiving ‘thiazide diuretic’ (29.3 kg/m2 (SD: 5.4).  

Change in BMI was small, in general, with the highest (0.6 kg/m2; SD: 2.7) increase 

associated with the above described ‘other’ therapies.  Baseline blood glucose levels 

were very similar across the groups, ranging from 104.9 mg/dL (SD: 14.9) among 

patients taking ‘thiazide diuretics’ to 106.7 mg/dL (SD: 14.1) among patients taking 

ARBs and 106.7 mg/dL (SD: 16.7) among patients treated with medications 

categorized into the ‘other’ group.  The proportion of patients with dyslipidemia 

ranged from 31 percent to 51 percent, with ‘ARB’ therapy associated with the more 

dyslipidemic patients. 

The percent of patients having impaired glucose tolerance (IGT) at baseline 

was highest for the ‘ACEI’ (10.0%), ‘ARB’ (11.0%), and ‘diuretic’ (11.0%) 

therapies and was lowest for ‘thiazide diuretics’ (7.0%).  More severe hypertension 
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was most frequently associated with patients treated with medications categorized to 

the ‘other’ group (69.0%) and lowest with patients receiving ‘alpha-blocker’ therapy 

(42.0%).  Patients receiving ‘thiazide diuretic’ therapy were most frequently 

uncontrolled, with patients receiving other ‘diuretics,’ being the least likely to be 

uncontrolled (41.0%).  Duration of hypertension was similar among therapies, 

ranging from 4.7 years (‘diuretics’) to 5.2 years (‘ARBs’).  Similarly, medication 

availability was high, ranging from 0.88 (‘beta-blockers) to 0.94 (‘ARBs’).  Finally, 

8.0 percent (‘thiazide diuretics’ and ‘ARBs’) to 16.0 percent (‘other therapies’) of 

the patients were associated with “high risk” therapies when categorized into 

“overall groups.” 

Overall, baseline characteristics of the study sample appeared to be very 

similar, with small variations.  Therefore, baseline differences were not expected to 

distort the findings in any significant way. 
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Table 35.  Baseline Differences within the Overall Group Category1 

 AB 
(n=2,698) 

ACEI 
(n=4,445) 

ARB 
(n=274) 

BB 
(n=4,128) 

CCB 
(n=4,639) 

Diuretic 
(n=1,478) 

HCTZ 
(n=1,965) 

Other7 
(n=304) 

Age  
(Mean, SD) 

 66.0 
(10.6) 

 61.4  
(12.3) 

 63.0 
(11.5) 

 60.9  
(12.4) 

 61.0  
(12.6) 

 66.1  
(11.9) 

 59.6  
(12.6) 

 57.9  
(12.2) 

Gender  
(%, males) 100.0 97.0 95.0 95.0 96.0 96.0 94.0 91.0 

Race/Ethnicity  
(%, Whites) 81.0 76.0 73.0 76.0 67.0 80.0 65.0 48.0 

BMI (in kg/m2; 
mean, SD)2 

27.8  
(5.0) 

28.8  
(5.5) 

29.2  
 (5.1) 

28.3  
 (5.1) 

28.4  
 (5.4) 

29.3  
 (6.5) 

29.3  
 (5.4) 

28.1  
 (5.5) 

Change in BMI  
(in kg/m2; mean, 
SD) 

0.04 
(2.0) 

 0.2 
(2.4) 

 0.4  
(2.2) 

 0.3  
(2.3) 

 0.2  
(2.3) 

 0.2  
(2.9) 

 0.2  
(2.3) 

 0.6  
(2.7) 

BG level  
(in mg/dL; mean, 
SD)2 

104.9 
(15.3) 

106.1 
(16.3) 

106.7 
 (14.1) 

105.8 
 (16.1) 

105.6 
 (15.9) 

106.4 
 (16.1) 

104.9 
 (14.9) 

106.7 
 (16.7) 

Dyslipidemia (%)2,3 36.0 41.0 51.0 46.0 37.0 37.0 35.0 31.0 
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Table 35.  Baseline Differences within the Overall Group Category1 continued 

 AB ACEI ARB BB CCB Diuretic HCTZ Other7 

IGT (%)2,4 8.0 10.0 11.0 9.0 9.0 11.0 7.0 9.0 

More severe 
hypertension (%)2,5 42.0 56.0 62.0 52.0 51.0 66.0 61.0 69.0 

Uncontrolled  
blood pressure (%)6 49.0 59.0 59.0 49.0 63.0 41.0 68.0 67.0 

Duration of 
hypertension, in 
years (mean, SD) 

4.9 
(2.2) 

 4.8  
(2.2) 

 5.2  
(2.3) 

 4.9  
(2.2) 

 4.9  
(2.2) 

 4.7  
(2.3) 

 5.0  
(2.2) 

 5.0  
(2.3) 

Medication 
Availability 
(proportion) 

 0.89 
(0.27) 

 0.92  
(0.26) 

 0.94  
(0.23) 

 0.88  
(0.25) 

 0.89  
(0.25) 

 0.91  
(0.30) 

 0.90  
(0.27) 

 0.92  
(0.32) 

“High risk”  
therapy (%) 10.0 10.0 8.0 11.0 10.0 14.0 8.0 16.0 

AB: Alpha-blocker; ACEI: Angiotensin Converting Enzyme Inhibitor; ARB: Angiotensin II Receptor Blocker; BB: Beta-blocker; BG: blood glucose; 
BMI: body mass index; CCB: Calcium channel blocker; HCTZ: hydrochlorothiazide; IGT: impaired glucose tolerance 
1 Patients can appear in multiple groups 
2 Baseline values 
3 Dyslipidemia is identified by a) pharmacologic  therapy; or b) triglyceride = 250 mg/dL; or c) HDL = 35 mg/dL 
4 Defined as a) 790.2 ICD-9 code; or b) random glucose <200 and = 140mg/dL 
5 Prescription for two or more antihypertensive medications 
6 Frequency of blood pressure measurements <140/90 mmHg 
7 Other category includes direct vasodilators and central alpha2-agonists 
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4.3 Data Management 

Three major statistical tools were used in addressing the study objectives: 

Kaplan-Meier survival curves, Cox regression, and analysis of covariance 

(ANCOVA).  With the exception of the Kaplan-Meier technique, which was used for 

unadjusted description and graphical representation of the survival data, assumptions 

were made in the statistical analyses.  In the next section the assumptions pertaining 

to the Cox regression and ANCOVA tests will be reviewed as well as the necessary 

steps that were made to assess their potential effect on the study findings.  First, 

some general data cleaning and assessment steps will be discussed. 

4.3.1 Accuracy of Input, Adequacy of Sample Size, Missing Data, and 

Distribution 

Descriptive statistics of the study variables have been described in the 

previous section of the chapter.  However, to examine the data comparatively, 

descriptive statistics of each variable (with additional information on their skewness 

and kurtosis) are summarized in Table 36. 
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Table 36.  Descriptive Statistics of the Independent Variables 

 N Min Max Mean (SD) / 
Percent 

Skewness 
(SE) 

Kurtosis 
(SE) 

Age (Mean, SD) 11,187 22.0 98.0 60.8  
(12.7) 

-0.08  
(0.02) 

-0.75  
(0.05) 

Gender (%, males) 11,187 N/A N/A 95.0 N/A N/A 

Race/Ethnicity  
(%, Whites) 4,567 N/A N/A 74.0 N/A N/A 

BMI (in kg/m2; 
mean, SD)1 9,681 11.6 72.8 28.3  

(5.3) 
0.91  

(0.03) 
2.74  

(0.05) 

Change in BMI (in 
kg/m2; mean, SD) 6,512 -17.0 14.0 0.2  

(2.2) 
0.11  

(0.03) 
5.33  

(0.06)  

BG level (in mg/dL; 
mean, SD)1 6,626 48.0 369.0 105.7  

(16.4) 
1.80  

(0.13) 
12.80  
(0.13) 

Dyslipidemia (%)1 11,187 N/A N/A 40.0 N/A N/A 
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Table 36.  Descriptive Statistics of the Independent Variables continued 

 N Min Max Mean (SD) / 
Percent 

Skewness 
(SE) 

Kurtosis 
(SE) 

IGT (%)1 11,187 N/A N/A 9.0 N/A N/A 

More severe hypertension 
(%)1,2 11,187 N/A N/A 35.0 N/A N/A 

Controlled blood pressure 
(%)3 11,140 N/A N/A 50.0 N/A N/A 

Duration of hypertension, 
in years (mean, SD) 11,187 0.3 8.3 4.5  

(2.2) 
0.01  

(0.02) 
-1.16  

(0.05) 

Medication  
Availability  
(proportion) 

10,243 0.01 2.19 0.77  
(0.22) 

-0.40  
(0.02) 

0.64  
(0.05) 

“High risk”  
therapy (%) 11,187 N/A N/A 11.0 N/A N/A 

BG: blood glucose; BMI: body mass index; IGT: impaired glucose tolerance; LDL: low-density lipoprotein; Min: minimum; Max: maximum; SD: standard 
deviation; SE: standard error; N/A: not applicable 
1 Baseline values 
2 Prescription for two or more antihypertensive medications 
3 140/90 mmHg at least 90% of the measurements 
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Most variables were positively skewed, ranging from 0.01 for the ‘Duration 

of hypertension’ variable to 1.8 for the ‘baseline blood glucose’ variable.  None of 

the independent variables had a skewness of larger than absolute value 1.0, as 

‘baseline blood glucose level’ served only descriptive purposes and was not included 

in the objective analyses.  Kurtosis levels were also not likely to pose a problem, due 

to the large sample size.   

Data were missing on both the dependent variable (blood glucose readings) 

and the independent variables (race/ethnicity, baseline BMI, change in BMI, blood 

pressure control, and medication availability ratio).  Unequal sample sizes between 

levels of the independent variables stemmed from missing data on the dependent 

variable.  In addition, there were 4,561 (40.7%) patients who did not have blood 

glucose values.  Survival times were not missing by definition: patients would either 

develop diabetes or would be followed until the end of the observation period.   

Characteristics of patients who were followed until the end of the study 

period (May 31, 2004) were compared to those who were “dropped out” earlier to 

assess whether randomness of missing data could be assumed.  As similarity 

between “censored” and “withdrawn” cases is an assumption of the Cox regression, 

the results of this comparison were discussed in the ‘Assumptions Check’ section 

(4.3.4). 

Several patients had missing information on some of the independent 

variables (Table 37).  Most (56.7%) data were missing on “race/ethnicity” and least 
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(0.4%) on “blood pressure control.”  The majority (8 out of 13) of the study 

variables did not have missing values.  More than 5 percent of the data was missing 

for the remaining five variables; i.e., race/ethnicity, BMI baseline, BMI change, 

blood pressure control, and adherence to medications.  Nevertheless, it has been 

suggested that the pattern is more important than the amount of missing data, 259 

because missing data scattered across the dataset would cause less problem in the 

analysis than data that is missing in some systematic pattern.  Thus, incomplete data 

was evaluated for each of the five variables with missing values.  To test the pattern 

of missing data, dichotomous dummy variables were created for each of the 

independent variables: one for patients with missing and one for patients with non-

missing values.  Tests of mean differences on the primary outcome (survival) were 

performed with each of the dummy variables.  Table 37 shows that patients with 

missing values in all of the five variables had significantly different survival 

experience.  The two variables with the largest amount of missing data 

(“race/ethnicity” and “Change in BMI”) were excluded from further analyses, based 

on their likely influence on the study outcome.  Patients with missing information 

were deleted from further analyses, by the listwise deletion method.  From the initial 

11,187 sample, 9,681 (86.5%) could be retained for the Cox regression analyses with 

complete datasets. 
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Table 37.  Missing Data of the Independent Variables 

Variable1 N Missing (%) t-test2 p-value 

Age 11,187 0 N/A N/A 

Gender 11,187 0 N/A N/A 

Race/ethnicity 4,849 6,338 (56.7) 10.56 <0.0001 

BMI (baseline) 9,681 1,506 (13.5) -26.24 <0.0001 

BMI (change) 6,512 4,675 (41.8) -30.10 <0.0001 

IGT  11,187 0 N/A N/A 

Dyslipidemia 11,187 0 N/A N/A 

Severity of 
hypertension 11,187 0 N/A N/A 

BP control 11,140 47 (0.4) 15.29 <0.0001 

Duration of 
hypertension 11,187 0 N/A N/A 

Antihypertensive 
therapy 11,187 0 N/A N/A 

Medication 
Availability Ratio 10,243 944 (8.4) 12.52 <0.0001 

“High risk” 
therapy 11,187 0 N/A N/A 

BMI: body mass index; IGT: impaired glucose tolerance; BP: blood pressure 
1 Dummy variable was created for each variable, where 0 = no missing data; and 1 = missing data. 
2 Negative t-values indicates that patients with missing value had longer survival 

 

4.3.2 Assessment of Outliers 

Both univariate and multivariate outliers were assessed for the study 

variables.  The presence of outliers is problematic, as they can lead to both type 1 

and type 2 errors during the statistical analysis, which is unknown to the researcher.  
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Additionally, statistical analyses in the presence of outliers result in findings that is 

only generalizable to a sample with similar “outlier characteristics.”  As a first step, 

the frequency distribution of each variable was reviewed and outliers were 

eliminated from the dataset.  Then the minimum and maximum values were 

reviewed for each treatment group to detect outlying cases.  Additionally, histograms 

of continuous variables’ frequency distributions were reviewed for each treatment 

group to detect cases that are disconnected from the others.  Besides visual 

evaluation, minimum and maximum values’ standardized z scores were calculated, 

as suggested by Tabachnick and Fidell.  First, calculating 

z = (Y – Y’)/ S  

for each variable’s lowest and highest scores (Y’= mean; S = standard 

deviation); and second, using the absolute value of z = 3.3 as the criterion.259  Based 

on these assessments, the following variables had univariate outliers: baseline BMI 

(zmax= 8.23), change in BMI (zmin=7.18 and zmax=5.91) Medication Availability Ratio 

(zmax= 7.00), and difference in average (zmax=14.77) and maximum (zmin=8.93 and 

zmax=15.75) blood glucose levels.  Although the discrepancies were statistically 

significant, they did not appear to be extreme; given the large sample size (when N is 

large, a few standardized scores in excess of 3.29 are expected).  Thus, none of the 

cases were deleted from further analyses. 

Additionally, for categorical variables, it has been suggested that variables 

with a large split (10-90 or more) are treated with caution, as they may a) truncate 
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the correlation coefficients with other variables and b) may overemphasize the effect 

of the group in the smaller split. 260  The demographic variable “gender” may be 

affected by a large split, as only 4.8 percent of the patients are females in the study 

sample. 

After assessing univariate outliers, multivariable outliers were addressed by 

computing Mahalanobis distance.  Cases, for which the result exceeded the critical 

value of 36.123 (Chi-square statistics with 14 degrees of freedom at a = 0.001) were 

considered to be multivariate outliers.  None of the cases were identified as 

multivariate outliers and therefore, all of them were retained for further analyses. 

4.3.3 Multicollinearity 

In ANCOVA analyses, highly correlated independent variables should be 

eliminated from statistical analyses, because they do not add additional adjustment to 

the dependent variable and may lead to computational problems. 259  SAS 

automatically guards against statistical multicollinearity of the variables, however, 

formal testing is also recommended.  On the other hand, Cox regression (and 

survival analysis in general) is robust against statistical problems that result from 

multicollinearity.  Nevertheless, the analysis is best served by independent variables 

that are not highly correlated. 259  For each variable, the proportion of the variance of 

the estimate accounted for by each principal component was calculated.  

Multicollinearity occurs when a component associated with a high condition index 

contributes strongly (variance proportion greater than about 0.5) to the variance of 
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two or more variables.  Four variables were identified with high variance inflations: 

change in BMI (0.78), gender (0.66), severity of hypertension (0.53), and medication 

availability ratio (0.52).  These variables were further assessed to decide whether to 

retain or eliminate them in the objective analyses. 

Bivariate correlations between the study variables were also assessed by 

means of correlation matrix.  Years of diagnosis with hypertension was the most 

highly correlated with survival (r=0.81).  In addition, Variance Inflation Factors 

(VIF) and tolerance values (1/VIF) were also assessed.  These factors measure the 

inflation in the variances of the parameter estimates due to multicollinearities that 

exist among the variables. There are no formal criteria for deciding if a VIF is large 

enough to affect the predicted values, however, a VIF factor of ten or greater is 

considered to indicate multicollinearity.  None of the variance inflation factors for 

independent variables was greater than ten; however, as expected, there was a 

significant correlation between the duration of hypertension and duration of 

antihypertensive therapy variables (p< 0.01) with both highly correlating (r>.80) 

with survival.  As high multicollinearity can present a significant problem from a 

logical and statistical standpoint, duration of antihypertensive therapy and duration 

of hypertension variables were excluded from further analyses.  This step is justified 

by the fact that the potential effect of the length of therapy will be accounted for in 

the Cox Regression analysis by using a time-dependent variable. 
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4.3.4 Assumptions of Cox Regression Analysis 

Several additional assumptions pertain to the Cox regression method, 

including the assumption of proportionality of hazards, addressing the differences 

between withdrawn and censored cases, and change in survival experience over 

time. 

4.3.4.1 Proportionality of Hazards 

One of the major assumptions of performing Cox regression analysis is that 

the shapes of the survival functions are the same for all of the treatment groups over 

time.  In other words, failure rates are the same across treatment groups, even if 

“time-to-event” differs.  The proportionality of hazards assumption may be checked 

visually: the lines for the survival functions for the different treatment groups would 

be parallel, if the assumption was met.   

To test the assumption formally, a time variable was constructed and its 

interactions with levels of treatment (and other covariates) were tested.  Violation of 

proportionality signals interaction between time and levels of treatment (or any other 

covariate). 259  Cantor suggested the use of the natural logarithm of the time variable 

to compensate for numeric problems that may arise from large values. 261  Table 38 

shows Wald’s chi-square statistics for each interaction term (interaction between the 

independent variable and time) that was entered into the Cox regression model.  

Testing the statistical significance of each covariate’s interaction with time is 
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essentially to test whether the hazard is constant with time; i.e., proportional.  As 

antihypertensive therapy was ‘time-varying’ by definition, the proportionality of the 

hazard assumption would only be tested for the independent variables.  Bonferroni 

correction was used when evaluating p-values, to account for the inflated p-value 

that stems from multiple comparisons, by using the following calculation: 

 

 

 

Thus, a = 0.006 (0.05 / 8) was used as the cut-off level to test violation of the 

proportionality assumption.  The proportionality assumption was not met for the 

‘age,’ ‘gender,’ and ‘baseline BMI’ variables.  Violations of the proportional hazard 

assumption (thereby suppressing the interaction) for the time-constant covariates 

lead to an estimated coefficient for the variable that is an average effect over the 

range of times observed in the data.  Allison argues that this practice is acceptable, 

as in fact has continuously been done by researchers when they suppress interactions 

during the estimation of regression models.262   

The significant time-interactions indicate that older age, male gender, and 

higher BMI levels increase the risk of developing diabetes in a disproportional 

fashion.  Except the “gender” variable, which has already been problematic with its 

large split, the other two variables were retained in the objective analyses. 

Adjusted p-value = 
Original p-value (0.05) 

Number of comparisons 
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Table 38.  Test of Proportionality 

Variable1 Wald Chi-Square p-value Hazard Ratio 

Age 111.51 <.0001 0.961 

Gender 643.06 <.0001 0.001 

BMI (baseline) 42.42 <.0001 0.956 

IGT 3.47 0.0624 1.183 

Dyslipidemia 1.90 0.1679 1.120 

Severity of 
hypertension 0.55 0.4592 1.063 

BP control 0.03 0.8539 0.985 

“High risk” 
therapy 3.77 0.0522 0.797 

BMI: body mass index; IGT: impaired glucose tolerance; BP: blood pressure;  
1 Interactions with the natural logarithm of time have been tested for each variable 

 

4.3.4.2 Test for differences between withdrawn and remaining cases 

Cases were censored based on the following criteria (whichever occurred 

first): 1) discontinuation of antihypertensive medication without new medication 

being started; or 2) end of the follow-up period (May 31, 2004).  In Cox regression 

analysis, it is recommended to compare patients who were withdrawn from the study 

(i.e., patients who discontinued therapy and have not started a new episode) to those 

who remained in the sample until the end of the observation period.  Withdrawn and 

remaining patients were dichotomized: those who discontinued their medication 
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more than 4.5 months before the end of the follow-up were assigned a value of 1, 

whereas the rest of the patients were assigned a value of 0.  A 4.5 months ‘grace 

period’ was included, so patients with 90-day refills (plus 45 days) would not be 

categorized into the ‘withdrawn’ group.  Statistical analysis for the comparisons 

included t-test for continuous and chi-square for the dichotomous independent 

variables.  Table 39 shows the results of the analysis; Bonferroni-adjusted p-values 

(a=0.05/8) of 0.006 were used as in the proportional hazards assessment.   

Older patients were less likely to remain in the study, which is 

understandable given the increased risk of mortality with age (p<0.001).  Although, 

the 1-year age difference between the two groups has limited practical significance.  

Similarly, patients who were controlled on their blood pressure were more likely to 

remain in the sample (p<0.001).  However, patients with lower baseline BMI, 

dyslipidemia and more severe hypertension were also more likely to drop out from 

the cohort (p<0.001).  These latter findings do not provide any apparent explanation.  

Given the size of the sample and the finding of significant differences in both the 

direction of withdrawn and remaining cases, it was concluded that the differences 

between censored and remaining cases are acceptable to proceed with the survival 

analyses. 
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Table 39.  Differences between Censored and Remaining Cases 

Variable Mean (SD)/percent 
(%) difference1 Test statistics p-value 

Age 61.4 (13.7) vs.  
60.4 (12.4) -3.542 <0.001 

Gender (males) 95.3% vs. 94.9% 0.683 0.409 

BMI4 27.5 (5.4) vs.  
28.4 (5.0) 7.102 <0.001 

IGT (yes) 7.2% vs. 6.6% 1.393 0.238 

Dyslipidemia 
(yes) 

32.7% vs. 43.6% 116.413 <0.001 

Severity of 
hypertension 
(more severe) 

32.7% vs. 40.1% 55.273 <0.001 

BP control 
(controlled)5 45.9% vs. 52.4% 39.403 <0.001 

“High risk” 
therapy 9.4% vs. 10.6% 2.983 0.084 

BMI: body mass index; BP: blood pressure; IGT: impaired glucose tolerance; SD: standard deviation 
1 Remaining cases used as the reference category (i.e., censored vs. remaining) 
2 Student’s t-test 
3 Chi-square 
4 Data on BMI values were not available for 1,506 patients 
5 Data on BP control was not available for 47 patients 

 

4.3.5 Assumptions of ANCOVA (Analysis of Covariance) Analysis 

ANCOVA statistics have several assumptions regarding the dataset, such as 

normality, homogeneity of variance, linearity between pairs of independent variables 

and between independent and dependent variables, and homogeneity of regression.  

Whether the data was conformed to these assumptions is addressed next. 
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4.3.5.1 Normality of Sampling Distributions 

In ANCOVA analysis (similarly to tests of ANOVA) normal distribution of 

the means within each group is assumed.  Skewness and kurtosis values were 

evaluated for each continuous variable.  If skewness and kurtosis falls between -1 

and +1, the variable is considered to be normally distributed.  As indicated by Table 

35 earlier, most variables were within this range; thus were considered to be 

normally distributed. 

On the other hand, Tabacknick and Fidell pointed out that the assumption of 

normality refers to the sampling distribution of the means and not the distribution of 

the raw scores within each group. 259  Therefore, without knowledge of population 

values, or calculation of actual sampling distributions of means, there was no way to 

test this assumption accurately.  Nevertheless, with large sample sizes, the central 

theorem suggests that sampling distributions are normal even if raw scores are not.  

4.3.5.2 Homogeneity of Variance 

ANCOVA analysis also assumes that the variance of dependent variable 

within each cell of the design is the separate estimate of the same population 

estimate.  This assumption is referred to as homogeneity of variance.  Levene’s test 

for Equality of Variances was used to assess the homogeneity of variance 

assumption.  One limitation of the test is that it only allows homogeneity of variance 

testing for one-way models.  The null hypothesis for this test states that the variance 
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of all groups is equal.  Since the probabilities associated with Levene’s test was non-

significant (p-value ranged from 0.44 to 0.54) for both the average and the maximum 

blood glucose values, the null hypothesis is not rejected and the requirement for 

equal variances is satisfied.   

Additionally, the variance ratio (Fmax) value was also used to assess 

homogeneity.  As suggested by Tabachnick and Fidell, the technique is valid once 

outliers are eliminated from the sample.  Fmax is the ratio of the largest cell variance 

to the smallest.  For both the average and maximum blood glucose differences, the 

‘diuretic’ group had the largest variance (s2=5.31 and s2=8.00), respectively.  

Similarly, patients receiving ‘ARB’ therapy had the smallest variance on the average 

as well as the maximum blood glucose differences (s2=3.75 and s2=5.47), 

respectively.  Variance ratio of less than or equal to 10 is deemed acceptable, when 

sample sizes are relatively equal (ratio of 4-to-1 or less). 263  For blood glucose 

changes, the variance ratios of 1.56 and 2.53 were below this requirement; thus, 

there was no need for formal test of homogeneity of variance. 259 

4.3.5.3 Linearity 

ANCOVA model assumes linear relationship between each of the 

independent variables and the dependent variable as well as among pairs of 

independent variables.  Nonlinearity was assessed from residual plots involving the 

dependent variable as well as by inspection of bivariate scatterplots.  Violation of the 
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linearity assumption may have resulted in an underestimation of the strength of 

relationship between the variables.   

4.3.5.4 Homogeneity of Regression 

In ANCOVA analysis, adjustments are made based on an average within-cell 

regression coefficient.  Thus, ANCOVA assumes that the adjustment it needs to 

make will be the same for all treatment groups.  The homogeneity of regression 

assumption states that the regression slopes for the dependent variable and the 

covariates are equal between each level of treatment.  This assumption is also 

referred to as the assumption of equal regression slopes.   

Heterogeneity of regression implies that there is an interaction between the 

treatment variable and the covariates.  Therefore, the assumption was evaluated by 

testing the significance of the interaction between the independent variables and the 

“treatment” variable.  For each two-way interaction between the treatment variable 

and the covariates, the probability was greater than 0.0038 (0.05/13).  Thus, the 

hypotheses that there were significant interactions between the treatment variable 

and the covariates were rejected and the assumption of homogeneity of regression 

assumption was satisfied. 
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4.4 Objective Analyses 

There were seven study objectives and twenty-one hypotheses.  Objectives 1, 

2, 3, and 7 were exploratory analyses, without corresponding hypotheses.  Objective 

4 had five hypotheses to assess the relationships between hypertensive therapies and 

the development of diabetes, while controlling for demographic and clinical 

variables.  Objective 5 had ten hypotheses to assess the change in blood glucose 

levels in each antihypertensive therapy, while controlling for demographic and 

clinical variables.  Finally, objective 6 had six hypotheses to assess the relationship 

between hypertensive mono and dual therapies and the time to develop diabetes after 

controlling for demographic and clinical covariates.  Cox regression model (SAS 

PHREG) was used to address objectives 4, 6, and 7; whereas ANCOVA (SAS GLM) 

used to address objective 5.  Next, the findings of the study objectives will be 

discussed with the corresponding hypotheses, when applicable.   

Several variables were not included in the final analyses, based on the 

previously discussed assessments.  The ‘race/ethnicity’ and ‘change in BMI’ 

variables were not included into the analysis, because of the large number of missing 

data associated with them.  Information on these variables were not available for 

close to half (41.8% and 56.7%, respectively) of the study participants.  

Additionally, “gender” was also not included into the analysis, mainly because of the 

large split between the two categories.  Additionally, “gender” violated the 

proportional hazard assumption as well.  Duration of hypertension and duration of 
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antihypertensive therapy were also excluded from further analyses, because of their 

high correlation with one another as well as with the survival outcome.  Regarding 

the therapy groups, ‘ARB’ and ‘Other’ therapies were not included, because of 

insufficient sample sizes.  Finally, adherence was not calculated for participants, as 

several treatment episodes with medication switches were allowed during the study’s 

time period.  Medication availability was not part of the conceptual model and was 

not considered as a substitute of patient adherence in the analyses. 

4.4.1 Objectives 1 and 2 

Objectives 1 and 2 were included to describe the demographic and clinical 

characteristics of the study population as well as to describe utilization patterns of 

antihypertensive medications.  As discontinuation of antihypertensive regimens as 

well as switches to alternative therapies were allowed (and accounted for) in the 

study, overall medication availability was assessed instead of medication adherence.  

Objectives 1 and 2 have been addressed in the descriptive section of the chapter; 

therefore the findings will not be repeated here.  Please refer to section 4.1 of this 

chapter. 

4.4.2 Objective 3 

Objective 3 was to describe “time to occurrence of diabetes” in each of the 

antihypertensive treatment groups and addressed by using the Kaplan-Meier 

estimator.  Although Cox regression model has largely replaced survival function as 
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the predominant method of survival analysis, survival curves are still useful for 

preliminary examination of the data.  Besides the visual representation of survival 

(i.e., time to develop diabetes) in each of the treatment groups, the Kaplan-Meier 

serves as a great tool for computing derived quantities from regression models.  

Figure 23 shows the survival curves for patients categorized into the most frequently 

used antihypertensive categories within the “overall” treatment category; i.e., 1) 

angiotensin converting enzyme inhibitor (ACEI); 2) angiotensin II receptor blockers 

(ARB); 3) alpha-blockers; 4) beta-blockers; 5) calcium-channel blocker (CCB); 6) 

diuretic; and 7) hydrochlorothiazide (HCTZ); Smaller groups (i.e., ‘no therapy’ and 

‘Other therapy’) were omitted from the graph to provide cleaner description of 

survival curves.   

As shown in the Kaplan Meier curve, patients taking diuretics had a 

considerably smaller probability of “survival” without diabetes compared to the 

other groups.   
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Figure 23.  Kaplan-Meier Curves of the Study Cohorts1 

 
ACEI: Angiotensin Converting Enzyme Inhibitor; CCB: Calcium channel blocker 
1 Groups with smaller sample sizes (i.e., ‘angiotensin II receptor blockers’ and ‘others’) have been excluded 

 

The probability of 2-year survival was 0.80 for patients taking ‘diuretics’ 

compared to 0.86-0.96 for patients taking any of the other therapies.  After five 

years, the probability of survival without diabetes was 0.73 among patients taking 

‘diuretics,’ compared to patients who were not taking ‘diuretics:’ 0.77-0.95.  Patients 

taking HCTZ had the highest probability for five-year survival without diabetes, 

followed by patients receiving ‘no therapy,’ ‘alpha-blocker,’ ‘ARB,’ ‘ACEI,’ ‘beta-
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blocker,’ ‘CCB,’ and ‘diuretics.’  The probabilities of five-year and seven-year 

survival for patients in the five major antihypertensive groups were: 0.89 and 0.82 

(ACEI), 0.86 and 0.81 (beta-blocker), 0.85 and 0.82 (CCB), 0.95 and 0.90 (HCTZ).  

Average survival were longest for ACEIs (7.4 years; SE: 0.02), followed by alpha-

blockers (7.3 years; SE: 0.03) and CCBs (6.8 years; SE: 0.06).  Probabilities of 

survival without diabetes and mean survival times for each “overall” therapy are 

showed in Table 40. 

 

Table 40.  Probability of Survival without Diabetes 

Therapy Probability of  
2-year survival 

Probability of  
5-year survival 

Probability of  
7-year survival 

Mean (SE) 
Survival, 

years1 

ACEI 0.96 0.89 0.82 7.40 (0.02) 

ARB 0.95 0.89 0.82 5.58 (0.07) 

Alpha-
blocker 0.96 0.90 0.86 7.26 (0.03) 

Beta-
blocker 0.95 0.86 0.81 6.55 (0.04) 

CCB 0.93 0.85 0.82 6.84 (0.06) 

Diuretic 0.80 0.73 0.73 5.85 (0.25) 

HCTZ 0.95 0.95 0.90 5.19 (0.08) 

No therapy 0.96 0.91 0.84 6.33 (0.06) 

Other 0.86 0.77 0.77 2.34 (0.12) 

ACEI: Angiotensin Converting Enzyme Inhibitor; ARB: Angiotensin II Receptor Blocker; CCB: Calcium channel 
blocker; HCTZ: hydrochlorothiazide; SE: standard error; 
1 The mean survival time and its standard error were underestimated because the largest observation was 

censored and the estimation was restricted to the largest event time. 
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4.4.3 Objective 4 

Objective 4 was to assess the relationship between antihypertensive therapies 

and the development of diabetes, while controlling for demographic and clinical risk 

factors.  The effect of the major antihypertensive therapies on ‘survival’ (i.e., time to 

develop diabetes) was evaluated in the first Cox regression model.  After the 

necessary data assessment and modifications, the Cox regression equation that was 

used to test the study objectives was: 

log hi(t) = a(t) + ß1xi1(t) + ß2xi2 +… + ß8xi8, 

hi: time to develop diabetes 

x1: antihypertensive therapy (Model 1)* 

x2: age 

x3: BMI (baseline) 

x4: blood pressure control 

x5: severity of hypertension 

x6: high risk therapy 

x7: IGT 

x8: dyslipidemia 

*Model 1 categories include no antihypertensive therapy, thiazide diuretic, beta-blocker, alpha-
blocker, angiotensin converting enzyme inhibitor (ACEI), calcium channel blocker (CCB), and 
diuretics 

Table 41 shows the results of the analysis.  The overall statistics for the null-

hypothesis that all parameter estimates are equal to zero was rejected (p< .0001).  

There were 9,681 patients with valid data on all of the covariates; of whom 922 

(9.5%) developed diabetes.   
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Table 41.  Model 1 - Cox Regression Analysis 

Variable Parameter 
estimate 

Standard 
Error 

Chi-Square p-value Hazard 
ratio 

CI 

Age 0.004 0.003 1.514 0.223 1.004 0.998-1.010 

BMI (baseline) 0.071 0.005 177.015 <0.001 1.073 1.062-1.084 

Blood Pressure control -0.108 0.069 2.494 0.120 0.898 0.784-1.029 

Severity of hypertension 0.097 0.075 1.483 0.201 1.102 0.950-1.279 

“High risk” therapy 0.377 0.094 16.024 <0.001 1.457 1.212-1.753 

IGT 1.458 0.074 387.070 <0.001 4.294 3.713-4.965 

Dyslipidemia 0.174 0.068 6.663 0.010 1.190 1.042-1.358 
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Table 41.  Model 1 - Cox Regression Analysis continued 

Variable Parameter 
estimate 

Standard 
Error Chi-Square p-value1 Hazard 

ratio CI 

Alpha-blocker -0.264 0.099 7.138 0.007 0.766 0.630-0.930 

ACEI 0.134 0.075 3.224 0.071 1.145 0.989-1.326 

Beta-blocker 0.017 0.077 0.052 0.846 1.015 0.873-1.180 

CCB 0.101 0.074 1.849 0.181 1.105 0.955-1.278 

Diuretic 0.399 0.099 15.138 <0.001 1.479 1.214-1.801 

Thiazide diuretic -0.044 0.115 0.143 0.662 0.951 0.760-1.190 

No therapy -0.206 0.162 1.620 0.195 0.810 0.589-1.114 

Likelihood ratio (p-value): 588.8 (<0.001) Wald (p-value):736.7 (<0.001) Score (p-value): 827.8 (<0.001) N=9,681 

ACEI: Angiotensin Converting Enzyme Inhibitor; CCB: Calcium Channel Blocker; CI: Confidence Interval 
1 Level of significance was assessed at the 0.05 level 
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Among the seven demographic and clinical covariates, baseline BMI and 

IGT as well as high risk therapies (i.e., antipsychotics, corticosteroids, and niacin) 

were highly and positively associated with the development of diabetes.  Indication 

of impaired glucose tolerance at baseline was most strongly associated with diabetes, 

with a hazard rate of 4.29 (CI: 3.71-4.97).  In other words, patients with impaired 

glucose tolerance were at more than 4-times higher risk to develop diabetes than 

those without this condition.  One kg/m2 increase in the baseline BMI level 

corresponded to 7.3 percent (CI: 1.06-1.08) increased risk and exposure to “high 

risk” therapies resulted in 45.7 percent increased risk (CI: 1.21-1.75) to develop 

diabetes.  Among the antihypertensive therapies in the model, diuretics showed the 

strongest negative effect: its hazard rate was 47.9 percent (CI: 1.21-1.80).  

Additionally, predictors of the development of diabetes included dyslipidemia (19.0 

percent increase risk; CI: 1.04-1.36), and ‘alpha-blocker’ therapy with 23 percent 

reduced risk to develop diabetes (hazard rate of 0.77; CI:0.63-0.93).  Based on the 

results of the analysis, the study hypotheses will be addressed next.   

4.4.3.1 Hypothesis 1 

The hypothesis, which stated that “time to develop diabetes (i.e., survival 

period) would not differ significantly in patients who were treated with thiazides 

compared to those who were not, while controlling for demographic and clinical risk 

factors,” was not rejected.  Thiazide diuretics did not have a significant effect on 

new-onset diabetes in the Cox model (p=0.662). 
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4.4.3.2 Hypothesis 2 

The hypothesis, which stated that “patients treated with beta-blockers would 

develop diabetes significantly sooner (i.e., will have shorter survival period) 

compared to patients who were not, while controlling for demographic and clinical 

risk factors,” was rejected.  No apparent difference was observed between the two 

groups, with beta-blocker therapy being associated with a slight, non-significant 

increased risk: hazard rate of 1.1 percent (CI:0.87-1.18) and p-value of 0.846. 

4.4.3.3 Hypothesis 3 

The hypothesis, which stated that “time to develop diabetes (i.e., survival 

period) would not differ significantly in patients who were treated with CCBs 

compared to patients who were not, while controlling for demographic and clinical 

risk factors,” was not rejected.  Patients taking CCBs appeared to be at similar risk to 

develop diabetes to those who did not take the medication.  The slight increased 

hazard rate of 1.11 (CI: 0.96-1.28) was not statistically significant (p=0.181). 

4.4.3.4 Hypothesis 4 

The hypothesis, which stated that “patients treated with ACEIs would 

develop diabetes significantly later (i.e., will have longer survival period) compared 

to patients who were not, while controlling for demographic and clinical risk 

factors,” was rejected.  ACEIs were associated with a slight increased hazard of 14.5 
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percent (0.99-1.33) towards the development of diabetes, although the finding was 

not statistically significant (p=0.071). 

4.4.3.5 Hypothesis 5 

Which stated that “patients treated with ARBs would develop diabetes 

significantly later (i.e., will have longer survival period) compared to patients who 

were not, while controlling for demographic and clinical risk factors,” could not be 

addressed in the final Cox models, because of insufficient sample size associated 

with this treatment category.  With less than 300 patients taking this class of 

medication throughout the course of the study, inclusion of ARBs into the model 

could have resulted in unbalanced design and unreliable parameter estimates. 

4.4.4 Objective 5 

Objective 5 was to assess the relationship between antihypertensive 

monotherapies and blood glucose levels while controlling for demographic and 

clinical risk factors.  After the necessary data assessment and modifications, the 

analysis of covariance (ANCOVA) statistical procedure was used to address the 10 

hypotheses of this objective.  Each single antihypertensive agent’s effect was tested 

on maximum and average blood glucose levels, while controlling for the 

demographic and clinical covariates.   

Unequal sample sizes can create a problem in ANCOVA, because of the 

resulting ambiguity of the marginal mean of the cells and the greater total sums of 
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squares result compared to SStotal.  Consequently, the results may become 

nonorthogonal and tests for the main effects not independent.  The group sizes for 

antihypertensive therapies range from 2,704 (for ACEI) to 527 (for no therapy).  

Overall and Spiegel has described a method to address such situations; the method 

assigns different weighting to groups because of unequal sample sizes. 264  The 

results of the final ANCOVA models are shown in Table 42 (for average blood 

glucose difference) and Table 43 (for maximum blood glucose difference).   
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Table 42.  ANCOVA on the Relationship between Change in Average Blood Glucose, Clinical and 

Demographic Variables 

Variable Parameter 
Estimate Type I SS F value (p-value) Type III SS F value (p-value) 

Age -0.160 44725.124 66.8 
(<0.0001) 28749.916 49.94 

(<0.0001) 

Gender 0.001 286.519 0.43 (0.513) 922.928 1.38 (0.2404) 

BMI (baseline) 0.382 33075.498 49.40 
(<0.0001) 29254.645 43.69 

(<0.0001) 

Duration of 
hypertension -496.909 61584.086 91.98 

(<0.0001) 65682.138 98.10 
(<0.0001) 

“High risk” therapy 2.063 3752.401 5.60 (0.0179) 3688.983 5.51 (0.0189) 

IGT -5.749 20203.155 30.17 
(<0.0001) 29100.230 43.46 

(<0.0001) 

Dyslipidemia -1.788 6002.440 8.96 (0.0028) 7374.105 11.01 
(0.0009) 

Severity of 
hypertension 2.048 20522.971 30.65 

(<0.0001) 10106.739 15.09 
(0.0001) 

Blood Pressure 
control -0.230 436.706 0.65 (0.4193) 213.583 0.32 (0.5722) 

Medication N/A 10171.099 3.80 (0.0043) 10171.099 3.80 (0.0043) 

Model: Mean Square: 16267 F value (p-value): 24.09 (<0.0001) N=8,231 

SS: Sum of squares; N/A: Not applicable 
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Table 43.  ANCOVA on the Relationship between Change in Maximum Blood Glucose, Clinical and 

Demographic Variables 

Variable Parameter 
Estimates Type I SS F value (p-value) Type III SS F value (p-value) 

Age -0.128 45624.057 25.55 (<0.0001) 21791.439 12.23 (0.0005) 

Gender 0.001 2895.429 1.63 (0.2024) 6945.959 3.90 (0.0483) 

BMI (baseline) 0.505 46957.185 26.36 (<0.0001) 51979.832 29.18 (<0.0001) 

Duration of 
hypertension -998.610 252026.672 141.47 

(<0.0000) 270621.836 151.91 (<0.0001) 

IGT -14.640 135440.115 76.03 (<0.0001) 182926.982 102.68 (<0.0001) 

“High risk” therapy 8.696 622711.872 35.2 (<0.0001) 62470.022 35.07 (<0.0001) 

Dyslipidemia -4.339 31660.876 17.77 (<0.0001) 42743.796 23.99 (<0.0001) 

Severity of 
hypertension 3.526 51633.511 28.98 (<0.0001) 23808.744 13.36 (0.0003) 

Blood Pressure 
control -2.429 18255.819 10.25 (0.0014) 11765.098 6.60 (0.0102) 

Medication N/A 27974.192 3.93 (0.0035) 27974.192 3.93 (0.0035) 

Model: Mean Square: 51,929 F value (p-value): 29.15 (<0.0001) N=8,231 

SS: Sum of squares; N/A: Not applicable 
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Type III sums of squares, which were adjusted for all other effects, were 

used to evaluate covariates.  Type I sums of squares, which were adjusted for all 

previous but not following effects, were used to evaluate the main effect of drug 

therapies on maximum and average blood glucose difference.  In both the “Average 

BG difference” and the “Maximum BG difference” models, the majority of the 

independent variables are significant; yet, only a small proportion (3.3%) of the 

variance is explained by the models.  The main effect of antihypertensive therapies 

was also significant: F=3.80 (p=0.0043) and F=3.93 (p=0.0035), for the average and 

the maximum models, respectively.   

Adjusted (Least Squares) marginal means for the average and maximum 

blood glucose levels were used for post hoc comparisons between the treatment 

groups.  Table 44 shows these values that were used to address the hypotheses of 

Objective 5.   
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Table 44.  Adjusted mean differences in blood glucose 

Therapy Mean (SD) Difference  in 
Average Blood Glucose 

Mean (SD) Difference in 
Maximum Blood Glucose 

ACEI 6.85 (0.54) 10.77 (0.88) 

Beta-blocker 3.57 (2.26) 6.32 (3.68) 

CCB 6.65 (0.39) 11.11 (0.63) 

HCTZ 6.04 (0.83) 10.07 (1.36) 

No Therapy 2.12 (1.22) 3.25 (1.99) 

 Grand (unadjusted) means (SD):  7.08 (27.13)  and  12.48 (46.96) N=8,363 

ACEI: angiotensin converting enzyme inhibitor; CCB: calcium channel blocker; HCTZ: hydrochlorothiazide; SD: 
Standard Deviation 

 

4.4.4.1 Hypothesis 6 

The hypothesis, which stated that “the average difference in  ‘baseline-to-

follow-up’ blood glucose levels among patients treated with thiazide diuretics will 

not be significantly different compared to the average difference in ‘baseline-to-

follow-up’ blood glucose levels of patients on no therapy,” was rejected.  As shown 

in Table 44, planned comparison showed a larger blood glucose increase (Least 

Squares Mean: 6.04) in the thiazide group compared to the no therapy group (Least 

Squares Mean: 2.12).  The difference was statistically significant (p=0.009). 
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4.4.4.2 Hypothesis 7 

The hypothesis, which stated that “the maximum difference in ‘baseline-to-

follow-up’ blood glucose levels among patients treated with thiazide diuretics will 

not be significantly different compared to the maximum difference in ‘baseline-to-

follow-up’ blood glucose levels of patients on no therapy,” was rejected.  As shown 

in Table 44, planned comparison showed a higher blood glucose increase (Least 

Squares Mean: 10.07) in the thiazide group compared to the no therapy group (Least 

Squares Mean: 3.25).  The difference was statistically significant (p=0.001). 

4.4.4.3 Hypothesis 8 

The hypothesis, which stated that “the average difference in  ‘baseline-to-

follow-up’ blood glucose levels among patients treated with beta-blocker will be 

significantly higher compared to the average difference in ‘baseline-to-follow-up’ 

blood glucose levels of patients on no therapy,” was rejected.  As shown in Table 44, 

planned comparison showed similar blood glucose increase in the beta-blocker 

(Least Squares Mean: 3.57) compared to the ‘no therapy’ (Least Squares Mean: 

2.12) group.  The difference was not statistically significant (p=0.575). 

4.4.4.4 Hypothesis 9 

The hypothesis, which stated that “the maximum difference in ‘baseline-to-

follow-up’ blood glucose levels among patients treated with beta-blockers will be 

significantly higher compared to the maximum difference in ‘baseline-to-follow-up’ 
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blood glucose levels of patients on no therapy,” was rejected.  As shown in Table 44, 

planned comparison showed similar blood glucose increase in the beta-blocker 

(Least Squares Mean: 6.32) compared to the ‘no therapy’ (Least Squares Mean: 

3.25) group.  The difference was not statistically significant (p=0.465). 

4.4.4.5 Hypothesis 10 

The hypothesis, which stated that “the average difference in  ‘baseline-to-

follow-up’ blood glucose levels among patients treated with calcium channel blocker 

will not be significantly different compared to the average difference in ‘baseline-to-

follow-up’ blood glucose levels of patients on no therapy,” was rejected.  As shown 

in Table 44, planned comparison showed a higher blood glucose increase (Least 

Squares Mean: 6.65) in the calcium channel blocker group compared to the no 

therapy group (Least Squares Mean: 2.12).  The difference was statistically 

significant (p=0.004). 

4.4.4.6 Hypothesis 11 

The hypothesis, which stated that “the maximum difference in ‘baseline-to-

follow-up’ blood glucose levels among patients treated with calcium channel blocker 

will not be significantly different compared to the maximum difference in ‘baseline-

to-follow-up’ blood glucose levels of patients on no therapy,” was rejected.  As 

shown in Table 44, planned comparison showed a higher maximum blood glucose 

increase in the calcium channel blocker (Least Squares Mean: 11.11) compared to 
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the no therapy (Least Squares Mean: 3.25) group.  The difference was statistically 

significant (p=0.002). 

4.4.4.7 Hypothesis 12 

The hypothesis, which stated that “the average difference in  ‘baseline-to-

follow-up’ blood glucose levels among patients treated with angiotensin converting 

enzyme inhibitor (ACEI) will be significantly lower compared to the average 

difference in ‘baseline-to-follow-up’ blood glucose levels of patients on no therapy,” 

was rejected.  As shown in Table 44, planned comparison showed a higher blood 

glucose increase in the ACEI group (Least Squares Mean: 6.85) compared to the no 

therapy group (Least Squares Mean: 2.12).  The difference was statistically 

significant (p=0.004). 

4.4.4.8 Hypothesis 13 

The hypothesis, which stated that “the maximum difference in ‘baseline-to-

follow-up’ blood glucose levels among patients treated with ACEI will be 

significantly lower compared to the maximum difference in ‘baseline-to-follow-up’ 

blood glucose levels of patients on no therapy,” was rejected.  As shown in Table 44, 

planned comparison showed a higher blood glucose increase in the ACEI (Least 

Squares Mean: 10.77) compared to the no therapy (Least Squares Mean: 3.25) 

group.  The difference was statistically significant (p<0.001). 



 

 

 237 

4.4.4.9 Hypotheses 14-15 

The hypothesis, which stated that “the average and maximum differences in 

‘baseline-to-follow-up’ blood glucose levels among patients treated with angiotensin 

II receptor blocker (ARB) will be significantly different compared to the average and 

maximum difference in ‘baseline-to-follow-up’ blood glucose levels of patients on 

no therapy,” could not be addressed due to the small sample size of patients taking 

‘ARB’ therapy. 

4.4.5 Objective 6 

Objective 6 was to assess the relationship between antihypertensive dual 

therapies and the development of diabetes, while controlling for demographic and 

clinical risk factors.  The same covariates were selected into the Cox regression as in 

the Model 1.  Thus, the Cox regression equation for Model 2 that was used to test the 

sixth study objectives was: 

log hi(t) = a(t) + ß1xi1(t) + ß2xi2 +… + ß8xi8, 

hi: time to develop diabetes 

x1: antihypertensive therapy (Model 2)* 

x2: age 

x3: BMI (baseline) 

x4: blood pressure control 

x5: severity of hypertension 
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x6: high risk therapies 

x7: IGT 

x8: dyslipidemia 

*Model 2 medication categories include no antihypertensive therapy, thiazide diuretic, beta-blocker, 
alpha-blocker, angiotensin converting enzyme inhibitor (ACEI), calcium channel blocker (CCB), 
diuretic acting drug), and dual therapies (i.e., simultaneous use of two individual or a pre formulated 
medication at any time during follow-up). 

 

The effect of dual therapies on ‘survival’ (i.e., time to develop diabetes) was 

evaluated in Model 2 (Table 45).  The overall statistics for the Cox model showed 

that at least one of the parameters was significantly different from zero (p< 0.0001).  

The finding has changed minimally by including the combination therapy into the 

model.  The same strong predictors prevailed in Model 2 as in Model 1: BMI (hazard 

rate of 1.07; CI: 1.06-1.09), high risk therapies (hazard rate of 1.46; CI: 1.21-1.75), 

and IGT (hazard rate of 4.29; CI: 3.71-4.96).  Diuretic therapy remained the 

strongest and most significant antihypertensive risk factor with about 49 percent 

increased risk of diabetes (CI: 1.22-1.81).  Finally, similarly to Model 1, 

dyslipidemia (hazard rate: 1.18; CI: 1.04-1.36) was associated with increased, 

whereas ‘alpha-blocker’ antihypertensive class remained associated with decreased 

risk of diabetes (hazard rate: 0.77; CI: 0.63-0.93).  Hypotheses 16-21 of objective 6 

will be addressed next. 
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4.4.5.1 Hypotheses 16-21 

The hypotheses, which stated that time to develop diabetes (i.e., survival 

period) will not differ significantly in patients who were treated with commonly used 

dual combination antihypertensive therapies compared to patients who are not 

treated with these therapies, while controlling for demographic and clinical risk 

factors,” was not rejected.  Dual combination therapies signaled a slight, 12.0 

percent increased risk to the development of diabetes (CI: 0.96-1.31), although their 

impact remained statistically non-significant (p=0.153).  Additionally, including dual 

combination therapies into the model made minimal impact on the significance or 

magnitude of the other covariates in their hazard rate for diabetes.  Therefore, post-

hoc analyses to address the individual hypotheses (16-21) were not performed. 
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Table 45.  Model 2 - Cox Regression Analysis 

Variable Parameter 
estimate 

Standard 
Error 

Chi-Square p-value Hazard 
ratio 

CI 

Age 0.002 0.003 0.502 0.233 1.004 0.998-1.010 

BMI (baseline) 0.071 0.005 180.436 <0.001 1.073 1.062-1.085 

Blood Pressure control -0.104 0.069 2.273 0.130 0.900 0.786-1.031 

Severity of hypertension 0.072 0.083 0.769 0.441 1.063 0.909-1.243 

“High risk” therapy 0.376 0.094 16.067 <0.001 1.459 1.213-1.754 

IGT 1.456 0.074 383.812 <0.001 4.290 3.710-4.960 

Dyslipidemia 0.161 0.068 5.746 0.019 1.176 1.042-1.359 
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Table 45.  Model 2 - Cox Regression Analysis continued 

Variable Parameter 
estimate 

Standard 
Error Chi-Square p-value1 Hazard 

ratio CI 

Alpha-blocker -0.268 0.099 7.277 0.007 0.765 0.630-0.929 

ACEI 0.112 0.077 2.157 0.086 1.137 0.982-1.317 

Beta-blocker 0.008 0.078 0.030 0.862 1.013 0.871-1.179 

CCB 0.088 0.076 1.750 0.186 1.103 0.954-1.277 

Diuretic 0.398 0.101 15.494 <0.001 1.485 1.220-1.809 

Thiazide diuretic -0.063 0.116 0.258 0.583 0.939 0.750-1.176 

Dual therapy alone 0.113 0.079 2.045 0.153 1.120 0.959-1.308 

No therapy -0.198 0.163 1.606 0.224 0.820 0.596-1.129 

Likelihood ratio (p-value): 590.8 (<0.001) Wald (p-value):736.8 (<0.001) Score (p-value): 829.2 (<0.001) N=9,681 

ACEI: Angiotensin Converting Enzyme Inhibitor; CCB: Calcium Channel Blocker; CI: Confident Interval 
1 Level of significance was assessed at the 0.05 level 
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4.4.6 Objective 7 

Objective 7 was “to assess the relationship between antihypertensive 

combination therapies (i.e., three or more therapies) and the development of 

diabetes, while controlling for demographic and clinical risk factors.  Objective 7 

was included among the study’s purposes for exploratory purposes; thus, this 

objective had no hypotheses.  The same covariates were selected into the Cox 

regression as in Models 1 and 2.  However, Model 3 includes ‘three or more 

therapies,’ if used at the same time, besides “overall therapies” and “dual 

combinations” as in Model 2.  The Cox regression equation for the third model: 

log hi(t) = a(t) + ß1xi1(t) + ß2xi2 +… + ß8xi8, 

hi: time to develop diabetes 

x1: antihypertensive therapy (Model 3)* 

x2: age 

x3: BMI (baseline) 

x4: blood pressure control 

x5: severity of hypertension 

x6: high risk therapies 

x7: IGT 

x8: dyslipidemia 

* Model 3 medication categories include no antihypertensive therapy, thiazide diuretic, beta-blocker, 
alpha-blocker, angiotensin converting enzyme inhibitor (ACEI), calcium channel blocker (CCB), 
diuretic, dual therapies (i.e., simultaneous use of two individual or a pre formulated combination 
medication at any time during follow-up), and three or more therapies (i.e., simultaneous use of three 
or more individual medications or pre-formulated combination medication at any time during the 
follow-up). 
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Table 46 shows the results of the exploratory Cox regression analysis with 

dual combination therapies as well as three or more combination therapies.  The 

overall statistics for the Cox model showed that at least one of the parameters was 

significantly different from zero (p< 0.001).  Including ‘three or more’ combination 

therapies into the model did not change the magnitude or the significance of the 

strongest covariates: BMI (with hazard rate of 1.08; CI: 1.06-1.09), high risk 

therapies (with hazard rate of 1.46 percent; CI: 1.22-1.76), IGT (with hazard rate of 

4.26; CI: 3.69-4.93), and ‘diuretic’ antihypertensive therapy (with hazard rate of 

1.71; CI: 1.38-2.13) remained significant risk factors for diabetes.  Similarly, 

dyslipidemia remained slightly significant (p=0.013) with hazard rate of 1.18 (CI: 

1.04-1.35).  On the other hand, ‘three or more’ combination therapies showed 

significant (p=0.002) protective effect, with hazard rate of 0.60 (CI: 0.43-0.83).  At 

the same time, the ‘alpha-blocker’ therapy group, which had a slight protective 

association in the main effect and the first joint effect models, became non-

significant (p=0.196); whereas ‘ACEI’ and ‘CCB’ therapies became significantly 

associated with an increased risk for diabetes (p-values: 0.003 and 0.008, 

respectively).  The corresponding hazard rates were 1.29 (CI: 1.09-1.53) and 1.26 

(CI: 1.06-1.50), respectively.  Also, ‘severity of hypertension,’ not significantly 

associated with survival in the previous models showed a slight statistically 

significant (p=0.040) effect with a positive hazard rate of 1.20 (CI: 1.01-1.42). 
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Table 46.  Model 3 - Cox Regression Analysis 

Variable Parameter 
estimate 

Standard 
Error 

Chi-Square p-value Hazard 
ratio 

CI 

Age 0.003 0.003 1.289 0.256 1.003 0.998-1.009 

BMI (baseline) 0.072 0.005 182.990 <0.001 1.075 1.064-1.086 

Blood Pressure control -0.090 0.069 1.667 0.197 0.914 0.797-1.047 

Severity of hypertension 0.145 0.086 4.231 0.040 1.198 1.009-1.423 

“High risk” therapy 0.380 0.094 16.484 <0.001 1.466 1.219-1.763 

IGT 1.446 0.074 382.276 <0.001 4.262 3.685-4.928 

Dyslipidemia 0.158 0.068 6.200 0.013 1.183 1.037-1.351 
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Table 46.  Model 3 - Cox Regression Analysis continued 

Variable Parameter 
estimate 

Standard 
Error Chi-Square p-value1 Hazard 

ratio CI 

Alpha-blocker -0.140 0.108 1.671 0.196 0.869 0.703-1.075 

ACEI 0.256 0.087 8.745 0.003 1.292 1.090-1.532 

Beta-blocker 0.151 0.090 2.844 0.092 1.164 0.976-1.389 

CCB 0.233 0.087 7.145 0.008 1.262 1.064-1.497 

Diuretic 0.539 0.111 22.377 <0.001 1.714 1.378-2.133 

Thiazide diuretic 0.069 0.124 0.314 0.575 1.072 0.841-1.366 

Dual therapy alone -0.128 0.111 0.332 0.248 0.880 0.708-1.193 

Three or more therapies alone -0.510 0.166 9.505 0.002 0.600 0.434-0.830 

No therapy -0.099 0.167 0.353 0.552 0.906 0.653-1.126 

Likelihood ratio (p-value): 600.9 (<0.001) Wald (p-value):745.8 (<0.001) Score (p-value): 839.4 (<0.001) N=9,681 

ACEI: Angiotensin Converting Enzyme Inhibitor; CCB: Calcium Channel Blocker; CI: Confident Interval 
1 Level of significance was assessed at the 0.05 level 
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Chapter 5  

Discussion and Conclusions 

5.1 Review of Research Questions 

5.1.1 Background 

The worldwide epidemic of diabetes, which emerged during the second half 

of the 20th century, has been continuously growing and is projected to further 

increase in the next decades. 265  According to the latest estimates, 6.3 percent of the 

U.S. population (about 18.2 million people) has diabetes. 1  Persons over the age of 

65 shoulder a large part of the burden, as they make up almost 40 percent of all 

people diagnosed with diabetes.  The prevalence of diabetes in this age group is 

more than 10 times that in persons younger than 45 years of age.   

The future is also troubling.  Using National Health and Interview Survey 

(NHIS) data, Narayan et al. projected that every third person who was born in the 

year 2000 would develop diabetes in their lifetime. 266  The researchers also 

concluded that individuals diagnosed with diabetes have a substantial loss in life 

expectancy.  If diagnosed with diabetes at the age of 60, men would lose 7.3 

unadjusted and 11.1 quality-adjusted life-years. 

Besides microvascular complications (such as retinopathy, neuropathy, and 

nephropathy) that are frequently associated with diabetes, more than one-third (38%) 
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of adult diabetic patients reported being diagnosed with cardiovascular diseases (i.e., 

coronary heart disease, stroke, or other heart conditions). 53  Analyzing the results of 

10 prospective studies, Lee et al. found that the relative risk of coronary death from 

diabetes was 1.85 (95% CI: 1.47-2.33) for men, after adjusting for other cardiac risk 

factors. 267  According to the National Institute of Health, the prevalence of ischemic 

heart disease was about 3 times higher between 45 to 64 years of age (14.3% vs. 

4.7%) and almost twice as high in those 65 years or older (20% vs. 12%) among 

persons with diabetes. 9  Besides increased morbidity, the age adjusted mortality is 

also higher among persons with diabetes.  In 2000, diabetes was the sixth leading 

cause of death (up from seventh in 1995), based on data from death certificates. 268  

As diabetes condition is listed on less than half of diabetic patients’ death 

certificates, this figure is likely an underestimation of the true impact of diabetes on 

cardiovascular mortality. 

It has been recognized that hypertension, diabetes, and atherosclerosis share 

several risk factors, such as age, dietary fat intake, sedentary lifestyle, and obesity.  

Metabolic syndrome, the umbrella term for the clustering of these problems, further 

increases the risk of future cardiovascular complications. 269-272  Insulin resistance 

appears to be the underlying common component of the metabolic syndrome, with 

strong correlation to hypertension, diabetes and cardiovascular 

complications.12;47;148;152;273;274 
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The role of antihypertensive medications in carbohydrate metabolism and in 

the development of diabetes has been of increasing interest.  First-line 

antihypertensive therapies of beta-blockers and thiazide diuretics were suggested to 

promote insulin resistance, glucose intolerance, and consequently, type 2 diabetes. 

29;41;147;154;190;204;275-282  At the same time, animal trials, short-term clinical studies, and 

some long-term randomized controlled trials have suggested that angiotensin 

converting enzyme inhibitors (ACEIs) and angiotensin II receptor blockers (ARB)  

may prevent or delay the development of diabetes. 27;28;30;211;213  Nevertheless, most 

of the above investigations were compromised by several limitations, including 1) 

small sample size leading to limited statistical power; 2) relatively short follow-up 

period; 3) inclusion of prevalent rather than incident cases; 4) limited power; 5) lack 

of adequate comparison groups; 6) inconsistent definition of diagnosis of diabetes; 

7) imprecise and/or incomplete definition of antihypertensive therapy; and 8) rigid 

inclusion criteria that has limited the generalizability to the general population of 

patients with high blood pressure.   

5.1.2 Comparison of Antihypertensive Therapies and New-Onset Diabetes 

A case-control41 and a cohort147 study were identified as the only studies that 

assessed the relationship between different classes of antihypertensive medications 

and the development of diabetes as their primary objective.  Nevertheless, several 

limitations were associated with these studies as well.  The validity of Gurwitz et 

al.’s findings is limited by the lack of control for several diabetes-related variables, 
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such as blood pressure, BMI, lipid profile, family history of diabetes, and physical 

activity level. Furthermore, the known risk of diabetes with thiazide diuretics might 

have “channeled” high-risk patients to receive other medications. Finally, physicians 

might have addressed increased glucose levels by other measures than antidiabetic 

medication (e.g., dose reduction, correction of thiazide-induced hypokalemia, or 

change in antihypertensive medication), all of which would underestimate the risk of 

diabetes associated with thiazide use. 41   

The most conclusive evidence has been published from the Atherosclerosis 

Risk in Communities Study. 147  In this large, prospective investigation with 

extensive health evaluation, the investigators found that only patients on beta-

blocker therapy were at greater risk (relative hazard: 1.28; 95% CI:  1.04-1.57) to 

develop diabetes.  Although further research was warranted, the researchers 

concluded that increased risk for diabetes was either not present or, in the case of 

beta-blocker therapy, was not so large to discourage the use of an agent that has 

proven benefits in reducing the risk of cardiovascular events. 

In a recent long-term cohort study, Verdecchia et al. concluded that the risk 

of subsequent cardiovascular disease is similar among patients who have newly 

diagnosed diabetes (relative risk: 2.92; 95% CI: 1.33-6.41) to those who have pre-

existing diabetes (relative risk: 3.57; 95% CI: 1.65-7.73). 283  Therefore, it can be 

argued that selecting the antihypertensive agent that may reduce, or at least would 
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not increase an individual’s risk to develop diabetes is of great clinical and health 

economic importance.   

5.1.3 The Present Study 

The present study aimed to compare the major classes of antihypertensive 

medications’ effects on 1) new onset diabetes; and 2) blood glucose levels.  The 

study objectives were addressed in a homogenous cohort of patients with new 

hypertension, using more than eight years of data.  The study was an extension of 

previous investigations in its attempt to control for the simultaneous use of 

combination antihypertensive therapies.  Time-dependent variables were used to 

determine antihypertensive drug exposure on each day of follow-up, which provided 

a uniquely rich method to capture therapy modifications and discontinuations.  

Demographic and clinical risk factors, for which information was available, were 

also controlled for in the Cox regression analysis.  Finally, the large sample 

(N=11,187) of older hypertensive patients who were at increased risk for diabetes 

allowed sufficient statistical power to detect important differences between 

antihypertensive medication classes.  Next, the study’s objectives will be addressed 

by comparing and contrasting the study’s findings to the findings of previous 

investigations. 
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5.2 Study Objectives 

Seven study objectives were addressed in the study (Table 47).  Next, these 

objectives will be discussed in light of available knowledge from the literature. 

 
Table 47.  Study Objectives 

 Study Objective Model Hypotheses 

1. To describe the demographic and clinical 
characteristics of the study population, including the 
incidence of diabetes 

N/A N/A 

2. To describe utilization patterns of antihypertensive 
medications N/A N/A 

3. To describe the “time to occurrence of diabetes” in 
each antihypertensive treatment group compared to 
“no antihypertensive therapy”  

N/A N/A 

4. To assess the relationship between antihypertensive 
therapies and the development of diabetes, while 
controlling for demographic and clinical risk factors 

Cox 
Regression 
(Model 1) 

1-5 

5. To assess the relationship between antihypertensive 
therapies and blood glucose levels while controlling 
for demographic and clinical risk factors 

ANCOVA 6-15 

6. To assess the relationship between antihypertensive 
dual therapies and the development of diabetes, 
while controlling for demographic and clinical risk 
factors, as well as the individual effects of 
antihypertensive therapies 

Cox 
Regression 
(Model 2) 

16-21 

5. To assess the relationship between antihypertensive 
combination therapies (simultaneous use of three or 
more antihypertensive therapies) and the 
development of diabetes, while controlling for 
demographic and clinical risk factors, ‘dual 
therapies,’ and the individual effects of 
antihypertensive therapies 

Cox 
Regression 
(Model 3) 

0 

ANCOVA: analysis of covariance; N/A: not applicable; 
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5.2.1 Study Population and Study Sample 

The first objective of the study was to describe the demographic and clinical 

characteristics of the study population, including the incidence of diabetes.  Newly 

diagnosed patients with high blood pressure who received treatment at the Central 

Texas Veterans Health Care System (CTVHCS) served as the study cohort. 

5.2.1.1 Demographic Variables 

The average age of the study population was 61 years (SD: 12.7); the 

majority (78.7%) were =50 years of age.  The study population was somewhat older 

than expected from a healthy population of people with first indication of 

hypertension.  However, the study patients’ age was similar to participants in most 

clinical trials with 1) known vascular disease (HOPE trial); 284 2) left ventricular 

dysfunction (SOLVD trial); 211 3) hypertension (CAPPP trial); 28 4) atherosclerotic 

vascular disease and hypertension (ARIC trial); 147 5) pre-existing hypertension with 

at least one risk factor for coronary heart disease (ALLHAT trial); 285 and 6) 

hypertension with ventricular hypertrophy (LIFE)*. 213  The average age-range of 

study participants in the above clinical trials was between 55 and 67 years.   

                                                 

* HOPE: Heart Outcomes Prevention Evaluation; SOLVD: Studies Of Left Ventricular 
Dysfunction; CAPPP: Captopril Prevention Project; ARIC: Atherosclerosis Risk in 
Communities; ALLHAT: Antihypertensive and Lipid-lowering Treatment to Prevent Heart 
Attack; LIFE: Losartan Intervention for Endpoint 
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Regarding the general population, most people are diagnosed with 

hypertension in their third, fourth, and fifth decade of life.  While only about 38 

percent at ages 50-59 were diagnosed with hypertension, more than two-thirds of 

those greater than age 70 have high blood pressure. 163  Therefore, it was concluded 

that study participants’ age was in the same range as participants in major clinical 

investigations as well as in national estimates. 

Almost every (95.3%) patient in the sample was male and the majority 

(69.5%) was White, followed by Blacks (21.5%).  Race/ethnicity data was not 

available for almost two-thirds (62.5%) of the study patients.  “Missing-at-random” 

assumption could not be made, because of the large number of Hispanic patients that 

was likely to be present in the study cohort.  Thus, whether the study sample’s 

race/ethnic distribution was representative to the larger VA and/or national 

population of newly diagnosed hypertensive patients could not be assessed.  Overall, 

the highly skewed gender distribution is a limitation for the study’s generalizability.  

According to national estimates, men of all races had a higher age-specific rate of 

hypertension than women up to 59 years of age.  However, the reverse was true for 

non-Hispanic Blacks  and Mexican Americans over the age of 60 years and older and 

for non-Hispanic Whites over the age of 70 years.  In the oldest age group of the 

study (80 years and older), the overall age-specific  prevalence of hypertension was 

14.2% higher in women than in men.161  Thus, the current study was unable to 

represent a large proportion of the U.S. population of people with hypertension.  
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Although the risk of diabetes is higher among men then women above the age of 65, 

the difference is marginal (please refer to Figure 3 in Chapter 2). 1  In addition, no 

race/ethnicity or gender differences have been reported regarding the risk of diabetes 

with different antihypertensive therapies.  It is unknown whether the highly skewed 

gender distribution of the study sample biased the results in any particular direction. 

5.2.1.2 Clinical Variables 

The majority of the study participants (73.7%) were overweight (BMI of =25 

kg/m2) at baseline and nearly half (40.0%) had at least one indication of 

dyslipidemia.  The average BMI of the study population was 28.3 (SD: 5.3).  Similar 

baseline BMI levels were reported from participants of the HOPE (26.9), CAPPP 

(27.7), ARIC (28.9), ALLHAT (29.8), and LIFE (27.5) investigations.28;147;213;284;285  

Change from baseline to follow-up BMI was small (0.2 kg/m2), although data was 

unavailable for more than 40 percent (41.8%) of the study sample.  Almost every 

tenth Veteran (9.1%) had impaired glucose tolerance at baseline, as indicated by 

random glucose values and ICD-9 codes.  Thus, the majority of patients had one or 

more additional component of the metabolic syndrome, besides hypertension.   

Patients were included to the study if they had a new diagnosis of 

hypertension; thus the sample population comprised of incident cases.  The average 

duration of hypertension, therefore, was limited by the length of follow-up and was 

4.3 years (SD: 2.2).  Patients had a mean systolic blood pressure (SBP) of 140 (SD: 

13.2) mmHg and a mean diastolic blood pressure (DBP) of 76.6 (SD: 8.5) mmHg.  
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These blood pressure levels fall between the national averages of untreated (144/88) 

and treated (137/84) systolic and diastolic measures for men. 161   

Blood pressure control was defined by two methods.  The first method 

compared the average systolic and diastolic blood pressure measurements to the 

target blood pressure of 140/90 mmHg, as defined by the latest JNC-7 guidelines.156  

Second, the percent of blood pressure measurements patients were at the target level 

was also calculated.  Regardless of the method used, approximately half of the study 

participants could be characterized to have “controlled” blood pressure.  The study’s 

control rate is at the target blood pressure control rate of Healthy People 2010. 174  

This finding is substantially higher than the national estimate from the NHANES III 

(1988-94), which showed that among people with hypertension 29 percent could be 

classified as under good blood pressure control. 173  This overall control rate 

increased to 34 percent by 1999-2000. 156  Approximately 16 percent more patients 

were under target blood pressure control in this study, which may partly be 

explained by differences in the study samples.  The NHANES III was conducted via 

telephone surveys at randomly selected households across the U.S.  To the contrary, 

patients in this study were selected to participate, because they were associated with 

a healthcare institution.  Thus, this latter group was probably more likely to be aware 

of their hypertension than the patients in the NHANES III sample, where 27% of 

people with high blood pressure reported to be unaware of their hypertension.  The 
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study patients’ better chance to to be aware of their hypertension may explain their 

better overall blood pressure control.  

Baseline severity of hypertension was assessed by the number of 

antihypertensive therapies the patient received simultaneously in the first year.  

Almost 40 percent (38.3%) of the patients were characterized as having more severe 

cases of hypertension, as indicated by taking two or more different types of 

antihypertensive medications.  Finally, more than 10 percent (10.5%) of the patients 

took “high risk” medications that might have increased their risk to develop diabetes.  

Antipsychotic medications were the most frequently used (5.8%), followed by 

corticosteroids (3.2%), and nicotinic acid (1.9%). 

5.2.2 Utilization Patterns of Antihypertensive Medications 

The second study objective was to describe utilization patterns of 

antihypertensive medications.  Adherence to specific antihypertensive regimens was 

not calculated, as discontinuation of antihypertensive regimens as well as switches to 

alternative therapies were allowed (and accounted for) in the study.  The most 

frequently used drugs were calcium channel blockers (CCBs) (22.4%), angiotensin 

converting enzyme inhibitors (ACEIs) (21.4%), beta-blockers (BBs) (19.9%), 

thiazide and other diuretics (16.6%), and alpha-blockers (13.5%).  Less than five 

percent of the patients did not receive any therapy (3.9%) or received angiotensin II 

receptor blockers (ARBs; 1.3%), which was not on the VA formulary at the time of 

the study.  Antihypertensive medications classified into the “other” group (i.e., 
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central alpha2-agonist and direct peripheral vasodilators) were also taken 

infrequently (1.5%). 

The above figures did not follow national findings, where the use of diuretics 

and beta-blockers was substantially smaller.  According to estimates from the 1996 

Medical Expenditure Panel Survey, almost twice as many patients with essential 

hypertension used ACEIs or CCBs compared to those using beta-blockers or 

diuretics. 172  The above analysis was limited to examine monotherapies only; 

nevertheless, patients using ‘single therapies only’ in this study had similar trend to 

utilize diuretics and beta-blockers more frequently.   

Alpha-blockers were also used more frequently, most likely because of the 

larger proportion of males in the sample, who might have used this therapy for the 

treatment of benign prostatic hyperplasia (BPH).  Although this assumption could 

not be directly verified because of the lack of information on BPH diagnosis in the 

database, it is supported by the fact that alpha-blockers were used by only male 

patients (100%), as opposed to other regimens, which were used by females (3-9%) 

as well (see Table 35).  To avoid including patients into the study who were not 

hypertensive and used alpha-blockers for the treatment of BPH only, the inclusion 

criteria for hypertension was based on blood pressure readings and diagnostic codes. 

Fairly different utilization pattern of antihypertensive medications was 

observed in the ARIC study. 147  Higher proportions of patients were not treated with 

any medications (38.7% vs. 3.9%) and were treated with thiazide diuretics (12.0% 
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vs. 9.5) in the ARIC study, compared to the current investigation.  Other 

antihypertensives were used more frequently in this study compared to the ARIC 

investigation: ACEI (21.4% vs. 4.2%), beta-blocker (19.9% vs. 14.3%), CCB 

(22.4% vs. 2.5%), and multiple therapies (42.8% vs. 24.6%).  The differences were 

especially large in the utilization of the newer antihypertensive therapies of ACEIs 

and CCBs; for which the earlier recruitment (1987-89) period of the ARIC study 

might be responsible.  The substantially larger “no therapy” and smaller “multiple 

therapy” groups signals a healthier study population in the ARIC study.  Finally, 

utilization patterns were more similar to another VA institution (VISN 11 in 

Michigan, Indiana, and Illinois), where the most frequently used medications were 

ACEIs (26%), beta-blockers (25%), diuretics (24%), and CCBs (22%).286  Therefore, 

it can be concluded that patients’ utilization pattern of antihypertensives in this study 

is generalizable to other VA populations, but not necessarily to others, outside the 

VA system. 

Patients frequently need two or more antihypertensive medications to 

adequately control their blood pressure.  Gurwitz and colleagues assessed the overall 

proportion of multiple agent use (16.1%) whether it included a thiazide diuretic 

(76.8%) or not. 41  In comparison, less than to half (41.6%) of antihypertensive 

treatment episodes involved one medication only in the current study; patients 

frequently used antihypertensive therapies in dual (26.9%) and three or more 

(15.9%) combinations.  The most frequently used dual combinations were ACEI + 
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BB (12.8%), ACEI + CCB (12.7%), and other dual combinations including alpha-

blockers, direct vasodilators, and central alpha2-agonists as components (15%).  The 

most frequently used ‘three or more’ therapies were ACEI + BB + Other (i.e., alpha-

blockers, direct vasodilators, and central alpha2-agonists; 11.7%), ACEI + CCB + 

Other (11.2%), ACEI + BB + CCB (10.6%), and CCB + two or more other 

therapies.   

5.2.3 Antihypertensive Therapies and New-Onset Diabetes 

The 11,187 study subjects were followed for an average of 3.6 years (SD: 

2.2).  During the study period, 1,144 patients developed diabetes.  Therefore, 9.8 

percent of the study sample developed diabetes, which corresponds to the national 

estimate for the 3-year diabetes incidence among older hypertensive males. 53  

Similarly, about 10 percent of the ALLHAT study participants developed diabetes 

during the average of four-year follow-up. 285 

Overall, patients in this study took antihypertensive medications for 53,052 

person-years if therapies categorized to “overall” groups, or 51,549 person-years if 

therapies categorized to “independent” groups.  As a total of 1,144 new cases of 

diabetes were identified, the overall incidence rates were 3.3 and 2.2 per 100 person-

years, respectively.  The overall incidence of diabetes was smaller (1.7 per 100 

person-years) in the ARIC study; however, the difference stemmed from the fact that 

less than half of the ARIC participants were diagnosed with high blood pressure. 147  

When calculating the overall incidence for patients with hypertension only, the 
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ARIC study’ incidence estimate (2.9 per 100-person years) was closer to this study’s 

estimate. 

Incidence density for the development of diabetes was calculated for each 

antihypertensive class.  Patients taking diuretics had the highest incidence of 

diabetes (5.5 per 100 person-years), followed by ARBs (3.9 per 100 person-years), 

ACEIs (3.7 per 100 person-years), and CCBs (3.3 per 100 person-years).  

Unexpectedly, patients taking beta-blockers and thiazide diuretics had lower diabetes 

incidence rates: 3.2 and 3.1 per 100 person-years, respectively.  Patients taking “no 

therapy” and “alpha-blockers” had the lowest incidence of diabetes: 1.9 and 2.5 per 

100 person-years.  Overall, loop, potassium sparing, and osmotic diuretics were 

associated with more than twice as many diabetic events than “no therapy” or 

“alpha-blocker” therapy.  The findings were compared to the results of the ARIC 

study, when data was available.  After three years of follow-up, the number of new 

cases of diabetes per 100 person-years were 3.4 (beta-blockers), 2.8 (thiazide 

diuretics), and 2.6 (“no therapy”). 147  Overall, the current study’s findings were 

unexpected, as beta-blockers and thiazide diuretics have been previously associated 

with ‘no’ or increased, whereas ACEIs, CCBs, and ARBs have been associated with 

‘no’ or decreased risk for diabetes. 102 

5.2.3.1 Cox Regression Models  

Three Cox models were developed to address objectives 4, 6, and 7.  The 

three models included demographic, clinical variables and antihypertensive 
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medications.  The same demographic and clinical variables were entered into the 

three models.  Regarding antihypertensive therapies, the following “overall” 

therapies have been entered into the three models: alpha-blocker, ACEI, beta-

blocker, CCB, diuretic, thiazide diuretic, and ‘no therapy.’  In addition to the 

“overall” therapies and the demographic and clinical variables, Model 2 also 

controlled for the use of ‘dual only’ and Model 3 also controlled for the use of ‘dual 

only’ and ‘three or more’ therapies.  The three models were statistically significantly 

different from the null model, in which all of the coefficients were zero, as indicated 

by the Likelihood ratio, Wald, and Score statistics (p<0.001).  Overall, 9,681 patients 

had complete data on the study variables, of whom 922 (9.5%) developed diabetes. 

5.2.3.2 Demographic Variables 

Of the originally proposed three demographic variables, gender and 

race/ethnicity were not included in the models, because of the large split between the 

two response levels (95.3% males in ‘gender’) and large amount of missing data 

(56.7% missing data in ‘race/ethnicity’).  Thus, age was the only demographic 

variable entered into the models and it was not significantly associated with the 

development of diabetes in any of the three models.  The three models showed 

slightly increased hazard rates (1.003-1.004) with p-values between 0.223 and 0.256.  

As shown in Figure 3 of Chapter 2, the prevalence of diabetes consistently increases 

with age: twice the national average between the ages of 45-54 and 2.5 times for 

people over age 65. 1  Gurwitz and colleagues also found an increased likelihood of 
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diabetes in the age category of 55-74 years compared to the age category of 35-54 

years. 41  However, no significant difference was found between the age groups of 

‘75 years and older’ and ‘35-54 years’.   

5.2.3.3 Clinical Variables 

The following clinical variables have been entered into the Cox models: 

baseline BMI, blood pressure control, severity of hypertension, “high risk” therapy, 

impaired glucose tolerance (IGT), and dyslipidemia.  Consistently with previous 

studies, components of the metabolic syndrome were positively associated with the 

development of diabetes, although some of the associations did not reach statistical 

significance. 52;103-105  Patients with 1kg/m2 higher BMI had 7.3-7.5 percent increased 

risk to develop diabetes in the three models (p<0.001).  Patients, whose average 

systolic and diastolic blood pressure was at the goal level of 140/90 mmHg, had a 9 

to 10 percent reduced risk to develop diabetes.  However, the association was not 

statistically significant in the three models (p=0.120-0.197).   

More severe hypertension, as identified by the number of medications the 

patient was prescribed during his/her first year of therapy, increased the risk of 

diabetes.  In Models 1 and 2, the increased risk was small (hazard rates: 1.102; 95% 

CI: 0.950-1.279 and 1.063; 95% CI: 0.909-1.243, respectively) and statistically not 

significant (p=0.201 and p=0.441, respectively).  However, in Model 3, having more 

severe hypertension increased the risk of diabetes by 19.8 percent; a difference that 

reached statistical significance (p=0.04).  Thus, when included ‘two therapies alone’ 
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and ‘three or more therapies’ into the model the association between ‘severity of 

hypertension’ and survival was amplified.  Gurwitz et al. reported similar findings in 

a case-control investigation of Medicaid recipients. 41  The odds ratio (OR) of 

developing diabetes was higher (OR: 1.76-1.93) when patients were treated with 

more intensive therapy (i.e., multiple agent regimens), compared to the baseline risk 

associated with antihypertensive monotherapies (OR: 1.40-1.77).  

Patients who were prescribed “high risk” therapies, such as niacin, 

corticosteroids, or antipsychotics, had a significantly higher risk to develop diabetes 

(p<0.001).  The increased risk ranged from 45.7 percent (95% CI: 1.212-1.753) in 

Model 1 to 46.6 percent (95% CI: 1.219-1.763) in Model 3.  The finding was 

consistent with the majority of previous studies, which showed that 

antipsychotics,112;113;115;125-129 corticosteroids,110;111;132 and niacin therapy111;141-144 was 

associated with the development of diabetes. 

Indication for impaired glucose tolerance (IGT; defined as ICD-9 of 790.2 or 

random blood glucose between 140mg/dL and 200mg/dL) was the strongest risk 

factor for subsequent development of diabetes.  Patients with IGT were 4.3 times 

more likely to develop diabetes compared to their counterparts with normal glucose 

tolerance (p<0.001).  This finding corresponds to research findings that lead to the 

two-step model, in which IGT represents a precursor of type 2 diabetes. 8  

Population-based longitudinal studies also supported the above assertion. 52;153;154 
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Finally, dyslipidemia, as indicated by HDL cholesterol =35mg/dL or 

triglyceride =250 mg/dL, or treatment with pharmacologic agents for dyslipidemia, 

increased the risk of diabetes.  Patients who were identified with dyslipidemia at 

baseline had between 17.6 to 19 percent increased risk for subsequent diabetes 

(p<0.05).  Increased triglyceride and decreased HDL cholesterol levels have been 

associated with the development of type 2 diabetes, specifically through inducing 

insulin resistance. 103-105  Although negative findings also exist, 107 long-term 

epidemiological investigations have supported the independent risk of dyslipidemia 

on diabetes. 52;108 

5.2.3.4 Model 1 (Objective 4) 

After controlling for the above demographic and clinical variables, five 

hypotheses have been tested regarding the effect of thiazide diuretics, beta-blockers, 

calcium-channel blockers (CCBs), angiotensin converting enzyme inhibitors 

(ACEIs), and angiotensin II receptor blockers (ARBs) on the development of 

diabetes.  The study hypotheses and the results of the associated statistical analyses 

are summarized in Table 48. 
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Table 48.  Objective 4 – Hypotheses and results 

 Hypotheses Results p-value 

1. Time to develop diabetes (i.e., survival period) 
would not differ significantly in patients who were 
treated with thiazides compared to those who were 
not, while controlling for demographic and clinical 
risk factors 

Not 
rejected 0.662 

2. Patients treated with beta-blockers would develop 
diabetes significantly sooner (i.e., will have shorter 
survival period) compared to patients who were not, 
while controlling for demographic and clinical risk 
factors 

Not 
Rejected 0.846 

3. Time to develop diabetes (i.e., survival period) 
would not differ significantly in patients who were 
treated with CCBs compared to patients who were 
not, while controlling for demographic and clinical 
risk factors 

Not 
rejected 0.181 

4. Patients treated with ACEIs would develop diabetes 
significantly later (i.e., will have longer survival 
period) compared to patients who were not, while 
controlling for demographic and clinical risk factors 

Not 
Rejected 

0.071 

5. Patients treated with ARBs would develop diabetes 
significantly later (i.e., will have longer survival 
period) compared to patients who were not, while 
controlling for demographic and clinical risk factors 

Not 
tested1 N/A 

ACEI: angiotensin converting enzyme inhibitor; ARB: angiotensin II Receptor blocker; CCB: calcium-channel 
blocker; N/A: not applicable; 
1 Because of inadequate sample size (n=274) 
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5.2.3.4.1 Thiazide Diuretics 

In Model 1, patients treated with thiazide diuretics were at lower risk to 

develop diabetes (hazard rate: 0.951; 95% CI: 0.760-1.190), although the difference 

did not reach statistical significance.  Therefore, the first hypothesis was not 

rejected.  Model 2 yielded similar reduced risk for diabetes with a hazard rate of 

0.939 (95% CI: 0.750-1.176), which did not reach statistical significance (p=0.583).  

After controlling for ‘dual’ and ‘three or more’ therapies (Model 3), patients treated 

with thiazide diuretics were at increased risk for diabetes with a hazard rate of 1.072 

(95% CI: 0.841-1.366); again, the association was not statistically significant 

(p=0.575).   

The body of evidence regarding the effect of thiazide diuretics is 

inconclusive.  Previous studies reported both significant 16;17 and non-

significant190;154 associations between thiazides and new-onset diabetes.  In the most 

recent longitudinal study of therapy-naïve patients with high blood pressure, 

antihypertensive therapy included a diuretic (mostly thiazide diuretic) in 53.5 

percent of patients who subsequently developed diabetes compared to 30.4 percent 

of those in whom diabetes did not develop (p=0.002). 283  The most important 

limitation of the study was the method of therapy assignment: after a median of 3-

year follow-up, study participants were asked about their most frequently used 

antihypertensive therapy and were assigned to these therapies in a non mutually 
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exclusive fashion.  No descriptive analysis was available regarding these therapy 

assignments. 

Two studies that were identified as having the primary objective to assess the 

association of antihypertensive therapies and new-onset diabetes did not find a 

significant increase in the risk of diabetes with thiazide diuretics.41;147  Overall, it can 

be concluded that the metabolic adverse effects associated with thiazide diuretics are 

generally infrequent and apparent only at high doses.  Furthermore, as glucose 

intolerance is most marked among those in whom serum potassium decreased,193 

potassium supplementation may have prevented the development of diabetes in 

thiazide-treated patients.198;199  The potential negative effects of thiazide diuretics on 

carbohydrate metabolism were considered to be clinically insignificant and 

preventable by lowering the dose, switching to another therapy, and/or initiating 

potassium supplementation.  Nevertheless, monitoring thiazide diuretics’ metabolic 

effects was warranted. 186 
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5.2.3.4.2 Beta-blockers 

Patients treated with beta-blockers were at 1.5 percent increased risk to 

develop diabetes (95% CI: 0.873-1.180) in Model 1 and 1.3 percent increased risk 

(95% CI: 0.871-1.179) when ‘dual therapies’ were controlled for (Model 2).  Neither 

of the two differences reached statistical significance (p=0.846 and 0.862, 

respectively); the second hypothesis was therefore rejected.  Beta-blocker therapy 

resulted in a higher increased risk of 16.4 percent (95% CI: 0.976-1.389), when both 

‘dual’ and ‘three or more’ therapies were controlled for (Model 3).  Nevertheless, the 

difference was statistically non-significant (p=0.092). 

Several small clinical investigations found that beta-blocker therapy may 

reduce insulin sensitivity, which can lead to the development of diabetes.200-202  

Although the findings of these studies were consistent, the clinical significance of 

beta-blockers’ negative effect remained to be answered.  Long-term cohort studies 

and smaller clinical investigations also found that patients treated with beta-blockers 

may be at increased risk for diabetes.16;154;204  Nevertheless, in one of these studies, 

the increased risk deteriorated after glucose intolerance was controlled for. 154  In a 

recent observational study, the risk of diabetes was associated with beta-blockers, 

but not with diuretics.147  The relative hazard to develop diabetes was 0.91 (95% CI: 

0.73-1.13) for patients taking thiazide diuretics, while it was 1.28 (95% CI: 1.04-

1.57) for those on beta-blockers.  Thus, in this large (N=12,550), middle-aged cohort 
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(between 45 to 64 years old), the use of beta-blockers appeared to slightly increase 

the risk of diabetes. 

In conclusion, the majority of the existing evidence associated beta-blocker 

therapy with decreased insulin sensitivity and increased risk of diabetes.  However, 

the magnitude of the risk is debated.  Patients taking beta-blocker therapy were at 

increased risk for the development of diabetes in the current investigation; although 

this increase was not statistically significant.  However, different members of beta-

blockers class may not produce uniform effect on patients’ carbohydrate 

metabolism.  Carvediol, for example has been shown to have neutral or slightly 

favorable effects on glycemic control.  Jacob et al. conducted a three-month study to 

compare the metabolic effects of carvediol to metoprolol among hypertensive 

patients with no diabetes. 287  The investigators found that carvediol had neutral-to-

favorable effect on glucose metabolism.  Similarly, Giugliano and colleagues found 

that glucose and hemoglobin A1C levels as well as insulin sensitivity were 

maintained with carvediol but worsened with atenolol. 288  Further studies are needed 

to differentiate among the drugs within this very broad class of antihypertensive 

medications.289 



 

 

 270 

5.2.3.4.3 Calcium-channel Blockers 

Patients treated with CCB were at 10.5 percent increased risk to develop 

diabetes (95% CI: 0.955-1.278) in Model 1 and 10.3 percent increased risk (95% CI: 

0.954-1.277) when ‘dual therapies’ were controlled for (Model 2).  Neither of the 

two differences reached statistical significance (p=0.181 and 0.186, respectively); 

the third hypothesis was therefore not rejected.  However, after controlling for 

treatment with ‘dual’ and ‘three or more’ therapies, CCBs increased the risk of 

diabetes by 26.2 percent (95% CI: 1.064-1.497), which difference was statistically 

significant (p=0.008).  The existing evidence provides inconclusive results regarding 

the effect of CCBs on the risk of developing diabetes; a case-control study of 

Medicaid recipients found an increased risk of diabetes after CCB therapy; 41 

whereas a long-term cohort study did not find an association. 147  In a recent long-

term clinical trial with approximately 4 years follow-up found that significantly 

more new cases of diabetes developed among patients in the CCB-based therapy 

(amlodipine) group compared to patients assigned to the ARB-based regimen 

(valsartan). 290 

5.2.3.4.4 Angiotensin Converting Enzyme Inhibitors (ACEIs) 

Patients treated with ACEIs were at 14.5 percent (95% CI: 0.989-1.326) and 

13.7 percent (95% CI: 0.982-1.317) increased risk for diabetes in Model 1 and 2, 

respectively; the fourth hypothesis was therefore rejected.  When controlling for 
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treatment with ‘three or more’ therapies, ACEIs increased the risk of diabetes by 

almost 30 percent (hazard rate: 1.292; 95% CI: 1.090-1.532); a statistically 

significant hazard (p=0.003). 

Several small trials showed positive effects of ACEIs on hypertensive 

patients’ carbohydrate metabolism, although conflicting results also exist. Variability 

of the results may be due to several factors: differences within the class of ACEIs, 

variations regarding the risk of diabetes in the study populations, or type II errors 

inherent in small investigations. 208  In short-term, randomized studies, treatment 

with captopril 209 and enalapril 37 resulted in improved insulin sensitivity; however, 

both positive 38 and neutral 210 effects have been reported with lisinopril therapy.  In 

a longer duration study comparing the effect of trandolapril (ACEI) and atenolol 

(beta-blocker), Reneland et al. found reduced insulin sensitivity with atenolol, but no 

change during trandolapril treatment.11 

Larger clinical trials also showed a reduced incidence of diabetes associated 

with ACEI therapy.27;28;211;212  However, these studies’ endpoints were 

cardiovascular morbidities and mortalities; therefore, the validity of their findings on 

new-onset diabetes is limited.  Two larger observational studies found conflicting 

results.  In a case-control investigation of Medicaid recipients, patients treated with 

ACEIs were at increased risk to develop diabetes. 41  However, a long-term cohort 

study did not find such an association. 147  The effect of ACEIs on insulin sensitivity 

is not uniformly positive and needs further investigation. 203 
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In summary, the current study’s finding of increased risk of diabetes with 

ACEI therapy is unexpected, as the majority of the existing evidence suggests an 

either neutral of beneficial effect.  One potential explanation for the result is that 

differences exist within the class of ACEIs in their effect on carbohydrate 

metabolism.  There are important structural and pharmacologic differences within 

the class of ACEIs. 291  These characteristics influence the potency and 

bioavailability of the drug and may explain some of the variation of their effect on 

glucose metabolism.  The majority (>90%) of our study’s participants were treated 

with lisinopril; as this generic was on the Veterans Affairs formulary.  Nevertheless, 

the existing evidence on the effect of lisinopril therapy on the development of 

diabetes is controversial; possibly, because this is the only drug in the ACEI class 

with zero lipophilicity. 38;210  The lipophilicity of a drug is an important 

pharmacologic characteristic, which determines the level of tissue penetration. 292  

There is a plausible argument that the effect of ACEIs on glucose metabolism 

depends on the extent to which tissue penetration occurs. 293 

5.2.3.4.5 Angiotensin II Receptor Blockers (ARBs) 

Finally, ARBs were not included to the Cox Regression model, due to the 

small number of patients who were treated with this relatively new class of 

antihypertensive regimen.  During the timeframe of the study, ARBs were not 

included in the Veterans Affairs national formulary, which explains the limited use 

of these medications.  Clinical studies showed significant reductions in the risk of 
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developing diabetes with ARBs.146;213;214  The most recently completed Valsartan 

Antihypertensive Long-term Use Evaluation (VALUE) trial also found 23 percent 

risk reduction with therapy based on valsartan (ARB), compared to patients in the 

amlodipine-based (CCB) regimen.290 

5.2.3.5 Model 2 (Objective 6) 

After controlling for demographic variables, clinical variables, and “overall” 

antihypertensive therapies, the effect of ‘dual’ combination therapies on new-onset 

diabetes was evaluated.  There were 7,958 independent dual therapies, with 

‘ACEI/BB’ (12.8%), ‘ACEI/CCB’ (12.7%), and ‘other’ dual therapies (15%) being 

most frequently represented.  The 5,771 study subjects, who were treated with ‘dual 

therapy,’ contributed 12,315 person-years of observation over the entire study 

period, which corresponded to 2.1 years of average follow-up per patient and 1.5 

years of average follow-up per therapy.  During the study period, 346 patients 

(4.3%) developed diabetes; thus, the overall incidence rate was 2.8 per 100 person-

years.  The overall incidence rate for the ‘dual only’ therapies was almost twice as 

high as the incidence rate for the ‘single only’ therapies (1.7).   

Incidence for the development of diabetes was calculated for each ‘dual’ 

antihypertensive therapy.  Patients taking ‘ACEI/HCTZ’ combination had the 

highest incidence of diabetes (3.9 per 100 person-years), followed by ‘ACEI/CCB’ 

(3.1 per 100 person-years).  Patients taking dual combinations including beta-blocker 
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therapy, such as ‘ACEI/BB’ and ‘BB/HCTZ’ combinations had the lowest diabetes 

incidence rates: 2.3 and 2.4 per 100 person-years, respectively.   

In the Cox Regression analysis (Model 2), dual therapies increased the risk 

of developing diabetes by 12 percent (95% CI: 0.959-1.308), although their effect 

was not statistically significant (p=0.153).  Therefore, the five hypotheses stating 

that the risk of diabetes would not increase with ‘dual’ combinations, was accepted 

without completing post hoc analyses.  One study was identified that compared the 

risk of diabetes on multiple versus single antihypertensive therapies. 20 In the 

investigation by Gurwitz et al., patients receiving multiple regimens were at higher 

risk for initiation of hypoglycemic therapy than those who received single 

antihypertensive regimens.  The relative risks were 1.93 (CI: 1.75-2.13) for multiple 

therapies including thiazide diuretic and 1.76 (CI: 1.49-2.07) for multiple therapies 

that did not include a thiazide diuretic.  Thus, it could be concluded that the use of 

dual therapies increased the risk of new-onset diabetes, although the magnitude of 

this increase likely depends on the components of the combination. 

5.2.3.6 Model 3 (Objective 7) 

After controlling for demographic variables, clinical variables, and “overall” 

antihypertensive therapies, the effect of ‘three or more’ combination therapies on 

new-onset diabetes was evaluated.  There were 4,696 independent ‘three or more’ 

combinations, with ‘CCB and other therapies’ (12.0%), ‘ACEI/BB/Other’ (11.7%), 

and ‘ACEI/CCB/other’ therapies (15%) being most frequently represented.  The 
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2,948 study subjects, who were treated with ‘three or more’ therapies contributed 

6,997 person-years of observation over the entire study period, which corresponded 

to 2.4 years of average follow-up per patient and 1.5 years of average follow-up per 

therapy.  During the study period, 197 patients (4.2%) developed diabetes; thus, the 

overall incidence rate was 2.8 per 100 person-years.  The overall incidence rate for 

the ‘three or more’ therapies was the same as the incidence rate for the ‘dual’ 

therapies and almost twice as high as the incidence rate for the ‘single only’ 

therapies (1.7).   

Incidence for the development of diabetes was calculated for each ‘three or 

more’ combination therapy.  Patients taking ‘ACEI’ with at least two ‘other’ 

therapies had the highest incidence of diabetes (4.1 per 100 person-years), whereas 

patients taking CCB/HCTZ/Other combinations had the lowest diabetes incidence 

rate: 0.6 per 100 person-years.  In the Cox Regression analysis (Model 3), ‘three or 

more’ therapies lowered the risk of developing diabetes by 40 percent (95% CI: 

0.434-0.830 and their effect was statistically significant (p=0.002).  There were no 

hypotheses to be addressed in this Objective.  The number of patients taking ‘three 

or more’ therapies ranged from 93 to 549; sample sizes were too small to draw 

conclusion of their individual contributions to the risk of diabetes.   

Nevertheless, including ‘three or more’ therapies into the model appeared to 

change the magnitude and significance of several covariates’ and therapies’ effect on 

the risk of diabetes.  Severity of hypertension was associated with 10.2 and 6.3 
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percent increased risk of diabetes in Model 1 and 2, respectively (p=0.201 and 0.441, 

respectively).  After including ‘three or more’ therapies into the model, more severe 

hypertension increased the risk of diabetes by as much as 19.8 percent and the 

difference was statistically significany (p=0.040).  Thus, it appeared that controlling 

for the use of ‘three or more’ therapies in Model 3 “unmasked” the substantial risk 

of hypertension severity on diabetes that was “hidden” in the previous models 

(Model 1 and 2). 

Including ‘three or more’ therapies into the Cox Regression model invoked 

even larger changes in the effect of antihypertensive therapies.  The hazard rates 

increased substantially from Model 1 and 2 to Model 3 for most of the 

antihypertensive therapies: ACEI (from 1.145 and 1.137 to 1.292), beta-blocker 

(from 1.015 and 1.013 to 1.164), CCB (from 1.105 and 1.103 to 1.263), diuretic 

(from 1.479 and 1.485 to 1.714), and thiazide diuretic (from 0.951 and 0.939 to 

1.072).  In the case of ACE and CCB therapies, this increase made the hazard 

satistically significant (p=0.003 and p=0.008, respectively).   

The statistically significant protective effect of alpha-blockers, that was 23.4 

percent (Model 1) and 23.5 percent (Model 2) before controlling for ‘three or more’ 

therapies, became substantially smaller (13.1%) and statistically non-significant 

(p=0.196).  At the same time, ‘three or more’ therapies reduced the risk of diabetes 

by 40.0 percent (p=0.002).  It appeared that in Model 3, the protective effect of 

‘alpha-blocker’ therapy was “replaced” by ‘three or more’ combinations.  As ‘alpha-
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blockers’ are mainly used as second-line therapies in the treatment of hypertension, 

this finding may further support the beneficial effect of these medications against the 

development of new-onset diabetes. 

5.2.3.7 Additional Findings 

Besides addressing the study hypotheses, two other findings from the Cox 

Regression analyses warrant further discussion.  Patients taking ‘diuretic’ therapy 

(i.e., diuretics other than thiazides) had a highly significant (p<0.001 in each model) 

increased risk to develop diabetes.  The additional hazard ranged from 47.9 percent 

(95% CI: 1.214-1.801) to 71.4 percent (95% CI: 1.378-2.133) in Models 1 and 3, 

respectively.  Previous investigations found an increased risk of diabetes associated 

with diuretics; however, in most of these investigations the major component of 

these therapies was thiazide diuretics. 41;283  Consistently with another VA study, 286 

patients in this study frequently used other diuretic therapies (i.e., loop and 

potassium sparing diuretics) besides thiazides.  As the major component of diuretic 

therapy in previous investigations was thiazides, the effect of these individual 

therapies was combined.  Further investigation of the separate metabolic effect of 

diuretic therapies is needed. 

Another unexpected finding of the study was the beneficial effect of alpha-

blockers.  Patients taking alpha-blocker therapies had a 13.1 percent (95% CI: 0.703-

1.075) to 23.5 percent (95% CI: 0.630-0.929) reduction in their risk to develop 

diabetes in the three models.  The hazard rate reduction was statistically significant 
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in Models 1 and 2 (p=0.007 in both models); however, it became non-significant in 

Model 3 (p=0.196).  A small study, 200 conducted over 12 months, showed that 

treatment with alpha-blockers increased insulin sensitivity significantly.  These 

beneficial metabolic effects were more pronounced among “high-risk” patients (i.e., 

high triglycerides, low HDL levels, and high fasting blood glucose).  The above 

findings have been supported by Julius et al., who concluded that alpha-blockers 

increase insulin sensitivity and may reduce the risk of diabetes and cardiovascular 

complications. 203  A meta-analysis investigating the effect of alpha-blockers on the 

carbohydrate profiles of patients with type 2 diabetes found that doxazosin improved 

fasting glucose levels as well as insulin sensitivity. 217  In addition, another meta-

analysis showed their beneficial effect on serum lipids, which may have contributed 

to patients’ higher insulin sensitivity as well. 189  In conclusion, the limited number 

of existing studies shows that alpha-blockers may improve hypertensive patients’ 

insulin sensitivity. However, as these medications are normally not indicated as a 

single agent in the therapy of essential hypertension, it has been difficult to assess 

their independent effect on the development of diabetes.  

5.2.4 Antihypertensive Therapies and Change in Blood Glucose 

The fifth study objective was to assess the relationship between 

antihypertensive therapies and blood glucose levels  while controlling for 

demographic and clinical risk factors.   
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5.2.4.1 ANCOVA models  

Two ANCOVA models were used to describe the relationship between 

antihypertensive therapies (“overall groups”) and the change in average and 

maximum blood glucose, while using demographic and clinical variables as 

covariates.  Results of evaluation of the assumptions of normality of sampling 

distributions, linearity, homogeneity of variance, and homogeneity of regression 

were satisfactory.  The original sample of 11,187 was reduced to 8,363, due to the 

large number of missing values of patients’ blood glucose.  Adjusted mean 

differences (LS-means) were compared to test the study hypotheses for  

H0 = LS-mean(i) = LS-mean (j), where i and j were treatment levels. 

In the first ANCOVA model, where average blood glucose changes 

represented the outcome, the main effect of ‘medication’ reached statistical 

significance (p=0.0043).  Among the covariates, younger age (p<0.0001), higher 

baseline BMI (p<0.0001), shorter duration of hypertension (p<0.0001), “high risk” 

therapy (p=0.0189), no IGT at baseline (p<0.0001), no dyslipidemia at baseline 

(p=0.0009), and more severe hypertension (p=0.0001) were associated with 

increased average blood glucose.  After adjustment by covariates, change in average 

blood glucose varied significantly with antihypertensive medications.  In the post 

hoc comparisons of the adjusted means, patients taking “no therapy” had the 

smallest increase (2.12; SD: 1.22) in average blood glucose, followed by patients 
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taking beta-blockers (3.57; SD: 2.26), hydrochlorothiazides (6.04; SD: 0.83), CCBs 

(6.65; SD: 0.39), and ACEIs (6.85; SD: 0.54). 

In the second ANCOVA model, where maximum blood glucose changes 

represented the outcome, the main effect of ‘medication’ reached statistical 

significance (p=0.0035).  All of the covariates were significantly associated with the 

outcome.  Younger age (p=0.0005), higher baseline BMI (p<0.0001), shorter 

duration of hypertension (p<0.0001), no IGT at baseline (p<0.0001), “high risk” 

therapy (p<0.0001), no dyslipidemia at baseline (p=0.0001), more severe 

hypertension (p=0.0003), and worse blood pressure control (p=0.0102) were related 

to larger change in maximum blood glucose levels .  After adjustment by covariates, 

change in maximum blood glucose varied significantly with antihypertensive 

medications.  In the post hoc comparisons of the adjusted means, patients taking “no 

therapy” had the smallest increase (3.25; SD: 1.99) in maximum blood glucose, 

followed by patients taking beta-blockers (6.32; SD: 3.68), hydrochlorothiazides 

(10.07; SD: 1.36), ACEIs (10.77; SD: 0.88), and CCBs (11.11; SD: 0.63). 

5.2.4.2 ANCOVA (Objective 5) 

The ten hypotheses (6-15) that were addressed as well as their results are 

summarized in Table 49.  Overall, except Hypotheses 14 and 15, which were not 

tested, because of the small sample size of patients taking ARBs, none of the 

findings supported the hypothesis.  Patients taking “no therapy” had the lowest 

change in average and maximum blood glucose.  Except patients who took beta-
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blockers, all other groups had statistically significant increases in their average and 

maximum blood glucose levels compared to “no therapy.”  Patients who took beta-

blockers had higher average and maximum blood glucose levels compared to 

patients who were not taking any medications; however, the differences were not 

statistically significant (p-values: 0.575 and 0.465, respectively). 

Veterans’ average random blood glucose levels increased in the range of 

3.57 mg/dL (SD: 2.26) to 6.85 mg/dL (SD: 0.54) for beta-blockers and ACEIs, 

respectively.  Among patients taking thiazide diuretics, the average blood glucose 

level increased by 6.04 mg/dL (SD: 0.83).  The increases in average blood glucose 

were similar to what investigators of the Systolic Hypertension in the Elderly 

(SHEP) trial found, although the study differed in several aspects.  During the 3-year 

timeframe of the SHEP study, patients’ fasting glucose levels increased by 3.6 

mg/dL.  First, fasting, instead of random blood glucose levels reveal different 

characteristics of the individual’s carbohydrate metabolism.  Most importantly, 

smaller variance is expected from fasting, compared to random blood glucose 

values.  Second, important differences were apparent in the study designs.  The 

SHEP study was a double-blind, placebo-controlled, clinical trial, with thiazide 

(chlorthalidone) therapy as first step therapy, and, if blood pressure control was not 

attained, beta-blocker (atenolol) or central alpha2-agonist (reserpine) added as 

second step therapies.  Therefore, although the direction of the findings was similar, 

the SHEP trial did not provide adequate data for direct comparisons. 
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The VA Cooperative Study Group on Antihypertensive Agents reported 

larger increases in glucose levels after 10-week and 1-year treatment with beta-

blocker (propranolol) or thiazide diuretic (hydrochlorothiazide) alone.191  Both drugs 

increased average plasma blood glucose levels by approximately 5 mg/dL; after 10-

week and 1-year of therapy.  Similarly to the SHEP trial, this study also evaluated 

changes in fasting blood glucose levels, which limits the comparability of the results.  

Nevertheless, similarity in the study populations provides more ground for direct 

comparisons. 

Amery et al. reported smaller blood glucose increase from the investigation 

of the European Working Party on high blood pressure in the elderly (EWPHE).  In 

this double-blind randomized, placebo-controlled trial, patients receiving thiazide 

diuretic (with the addition of alpha2-agonist methyldopa in 30% of the subjects) 

experienced an average increase of 2.5 mg/dL in their fasting blood glucose levels.  

Although patients were followed for another year, no further increase in their blood 

glucose was found. 

In summary, it is difficult to draw direct comparisons between the current 

observational study and the above discussed clinical trials.  Blood glucose increase 

may occur naturally with time, especially in a high-risk population of patients in 

whom several components of the metabolic syndrome are present.  Nevertheless, 

patients in the “no therapy” group experienced smaller blood glucose increase, then 

those on pharmacologic therapy.  The unexpectedly smaller blood glucose increase 
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among patients taking beta-blockers and larger increase among patients taking 

ACEIs or CCBs may be explained by channeling effect; i.e., patients who were at 

higher risk for insulin resistance (i.e., increase in blood glucose levels) are 

“channeled” toward ACEIs and CCBs, which were thought to have a beneficial or 

neutral effect on patients’ carbohydrate metabolism. 
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Table 49.  Objective 5 – Hypotheses and results 

 Hypotheses Results p-value 

6. The average difference in ‘baseline-to-follow-up’ 
blood glucose levels among patients treated with 
thiazide diuretics will not be significantly different 
compared to the average difference in ‘baseline-to-
follow-up’ blood glucose levels of patients on no 
therapy 

Rejected 0.009 

7. The maximum difference in ‘baseline-to-follow-up’ 
blood glucose levels among patients treated with 
thiazide diuretics will not be significantly different 
compared to the maximum difference in ‘baseline-
to-follow-up’ blood glucose levels of patients on no 
therapy 

Rejected 0.001 

8. The average difference in ‘baseline-to-follow-up’ 
blood glucose levels among patients treated with 
beta-blockers will be significantly higher compared 
to the average difference in ‘baseline-to-follow-up’ 
blood glucose levels of patients on no therapy 

Not 
Rejected 0.575 

9. The maximum difference in ‘baseline-to-follow-up’ 
blood glucose levels among patients treated with 
beta-blockers will be significantly higher compared 
to the maximum difference in ‘baseline-to-follow-
up’ blood glucose levels of patients on no therapy 

Not 
Rejected 0.465 

10. The average difference in ‘baseline-to-follow-up’ 
blood glucose levels among patients treated with 
calcium channel blockers (CCBs) will not be 
significantly different compared to the average 
difference in ‘baseline-to-follow-up’ blood glucose 
levels of patients on no therapy 

Rejected 0.004 
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Table 49.  Objective 5 – Hypotheses and results continued 

 Hypotheses Results p-value 

11. The maximum difference in ‘baseline-to-follow-up’ 
blood glucose levels among patients treated with 
CCBs will not be significantly different compared to 
the maximum difference in ‘baseline-to-follow-up’ 
blood glucose levels of patients on no therapy 

Rejected 0.002 

12. The average difference in ‘baseline-to-follow-up’ 
blood glucose levels among patients treated with 
angiotensin converting enzyme inhibitors (ACEIs) 
will be significantly lower compared to the average 
difference in ‘baseline-to-follow-up’ blood glucose 
levels of patients on no therapy 

Rejected 0.004 

13. The maximum difference in ‘baseline-to-follow-up’ 
blood glucose levels among patients treated with 
ACEIs will be significantly lower compared to the 
maximum difference in ‘baseline-to-follow-up’ 
blood glucose levels of patients on no therapy 

Rejected <0.001 

14. The average and maximum differences in ‘baseline-
to-follow-up’ blood glucose levels among patients 
treated with angiotensin II receptor blockers 
(ARBs) will be significantly different compared to 
the average and maximum difference in ‘baseline-to-
follow-up’ blood glucose levels of patients on no 
therapy 

Not 
tested1 N/A 

15. The average and maximum differences in ‘baseline-
to-follow-up’ blood glucose levels among patients 
treated with ARBs will be significantly different 
compared to the average and maximum difference in 
‘baseline-to-follow-up’ blood glucose levels of 
patients on no therapy 

Not 
tested1 N/A 

ACEI: angiotensin converting enzyme inhibitor; ARB: angiotensin II Receptor blocker; CCB: calcium-channel 
blocker; N/A: not applicable; 
1 Because of inadequate sample size (n=274) 
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5.3 Limitations 

Several factors limit the validity of the study findings.  First of all, the study 

population may not be generalizable to the U.S. population of people with newly 

diagnosed high blood pressure.  The sample of Veterans treated in Central Texas 

may not be representative of other Veteran or non-Veteran populations in the U.S.  

One major difference was expected in this study’s racial/ethnic distribution.  

Unfortunately, complete information on the sample’s racial/ethnic characteristics 

was not available to assess these potential differences.  Additionally, Veterans are 

predominantly males, which was the case in this study’s sample as well.  At older 

ages, the prevalence of diabetes is somewhat higher among males than females, so 

the study might have over-estimated the number of new diabetes events.  However, 

no differences have been shown between males and females regarding the effect of 

antihypertensive therapies on carbohydrate metabolism or new-onset diabetes.  

Overall, the demographic and clinical characteristics of the study sample were not 

expected to bias the study findings. 

There were several limitations associated with the study variables.  

Assumptions were made regarding the validity of the data that originated from 

electronic medical records.  In general, database research may be susceptible to 

“undercoding” and “overcoding” of diagnostic and therapeutic information and 

presence of “confounders” such as severity of illness, restricting characteristics of 

the included population, differences in regional practice patterns, and cost/incentive 
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differences.  Nevertheless, the fairly homogenous nature of this study population 

provides high internal validity to the findings. 294 

Dyslipidemia was characterized by HDL cholesterol =35 mg/dL, triglyceride 

=250 mg/dL, or filled prescription of pharmacologic therapy for dyslipidemia.  The 

American Diabetes Association identified patients with dyslipidemia (i.e., low HDL 

and/or high triglyceride level) at higher risk for the development of type 2 diabetes.42  

However, patients often receive pharmacologic therapy for the treatment of LDL 

cholesterol, which has not been identified to increase the risk of diabetes.  Therefore, 

the risk of diabetes associated with dyslipidemia might have been underestimated in 

the Cox models by including patients with high LDL but normal HDL and 

triglyceride levels. 

Also, several critical variables were missing that may have confounded the 

results; these include family history of diabetes, lifestyle habits, genetic factors, and 

fasting insulin and blood glucose levels.  Although proxy estimates, such as body 

mass index (BMI) to assess diet and exercise through overweight/obesity, were used 

to overcome some of these limitations, the lack of comprehensive data on variables 

that highly influence the risk of diabetes development was problematic.  In addition, 

measurement error may have been large in the assessment of blood glucose change.  

Without reliable information on the timing (fasting versus random) and method 

(plasma versus whole blood) of the measurements, the results may have not provided 

reliable data.   
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Regarding the categorization of antihypertensive medications, the study 

could not account for patients who located in different geographic areas for extended 

period and received their medications through other VA medical centers or private 

pharmacies.  Selection factors may have also played a major role in obscuring the 

true effect of thiazide diuretics, beta-blockers, CCBs, and ACEIs.  Baseline 

differences in age, baseline BMI, baseline blood glucose levels, dyslipidemia, 

impaired glucose intolerance, hypertension severity, and exposure to “high risk” 

therapies were not consistently dif ferent (please refer to Table 35 in chapter 4) 

among the antihypertensive categories.  Nevertheless, thiazide diuretics and beta-

blockers may have been less frequently prescribed to patients with other risk factors 

this study was not able to control for: positive family history of diabetes, minority 

race/ethnicity, or undetected impaired glucose tolerance.  Patients with increased risk 

for diabetes may have been prescribed ACEIs more frequently, as they are the first-

line therapy for patients with diabetes.156  Thus, our findings may reflect a 

channeling effect whereby patients with multiple risk factors for diabetes were more 

likely to be treated with medications that have previously not been associated with 

negative metabolic effects.   

A potential solution may be to include propensity scoring, in which patients 

in different antihypertensive categories are matched on baseline risk factors, creating 

several levels of so-called “risk sets.”  By performing propensity scoring technique, 

baseline differences in the treatment groups would have been minimized.  For 
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example, patients taking alpha-blocker therapy, for whom a lower risk of diabetes 

was found, were more likely to be Whites, had lower BMI at baseline, were less 

likely to have severe hypertension and uncontrolled blood pressure, compared to 

patients taking other antihypertensive therapies.  Although the above differences 

were controlled for in the multivariate analyses, using propensity scoring might have 

reduced or eliminated alpha-blockers’ protective effect by creating similar “risk sets” 

at baseline.  Nevertheless, the unknown differences in race/ethnicity, genetic 

predisposition for diabetes, lifestlyle habits, and other biological measures could not 

be controlled for. 

Further limitations of the study include the assumptions that were made 

when conducting Cox regression analyses.  First, the study employed random 

censoring mechanism (i.e., 1) individuals’ entry times to the study cohort vary 

randomly or 2) observations are terminated for reasons that are not under the control 

of the investigator), for which the noninformative assumptions needs to be met. 295 

This assumption was tested by comparing patients who were withdrawn 

from the study to those who remained until the end of the follow-up.  In theory, 

informative censoring can lead to severe biases, although in most situations, it is 

difficult to assess the magnitude of these biases.262  In our study, several significant 

differences existed between patients who were withdrawn (i.e., “dropped-out”) from 

the study compared to those who remained until the end of the follow-up period 

(May, 31, 2004).  For example, patients who were withdrawn from the study were 
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less likely to have dyslip idemia (32.7%) compared to those who completed the 

study’s time period (48.6%).  Dyslipidemia was previously shown to be significantly 

associated with the development of diabetes and this relationship was confirmed in 

this study as well.  A potential bias in this case, is an underestimation of the median 

survival time, as withdrawn cases are those who would have long times to the event.   

Older patients were also more likely to be withdrawn than their younger 

counterparts (p<0.001).  Informative censoring could have biased the study’s 

findings if younger patients had longer survival times, because of the artifactual 

tendency for older patients to be dropped out of the study.  Informative censoring 

thus provides a potential explanation of why age was not significantly associated 

with the development of diabetes; although, the age-difference was likely not of 

practical significance: 61.4 (SD: 13.7) average years of age for withdrawn versus 

60.4 (SD: 12.4) average years of age for the remaining cases, respectively. 

Second, the study violated the proportional hazards assumption, which states 

that the effect of each covariate is the same at all points in time at each level of the 

variable.  However, Allison argued that by violating this assumption, the Cox model 

estimates an average effect for each covariate that had a significant interaction with 

time. 101  Therefore, the effects of age and BMI, which had significant interactions 

with time, may have been underestimated in the study models. 
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5.4 Practical Significance and Future Research 

The protective effect of alpha-blockers that emerged from the three study 

models warrants the most attention.  Alpha-blockers are not recommended as first-

line therapies in the treatment of high blood pressure.  Nevertheless, almost two-

thirds of patients need combination therapy to control their blood pressure, providing 

opportunity to potentially include alpha-blockers in the antihypertensive regimen.  

‘Three or more’ therapies also showed protective effect against the development of 

diabetes, which might have been explained by the utilization of ‘alpha-blockers’ in 

these combinations.  As all other antihypertensive therapies increased the risk of 

developing diabetes, the protective effect of alpha-blockers needs to be further 

researched. 

Additionally, although the rest of the therapies increased the risk of diabetes, 

this increase was substantial and significant for diuretics.  Previous studies 

associated diuretics with an increased risk for diabetes; yet, it was believed that the 

increased risk was mainly associated with thiazide diuretics.  No previous 

investigations were encountered that had separated the effect of ‘thiazide diuretics’ 

from ‘loop-,’ ‘potassium-sparing-,’ or ‘aldosterone-receptor blocker’ diuretics.  

Again, further research is warranted to explore the different effect of these diuretics 

that exercise their effect through completely different mechanisms of actions. 

When the ALLHAT study was published in 2002, its researchers concluded 

that diuretics should be the preferred first-step antihypertensive therapy because they 
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were superior in preventing one or more types of cardiovascular diseases and were 

less expensive.285  The JNC-7 authors included the ALLHAT recommendations to 

the report, although patients treated with diuretic therapy had a 40-65 percent higher 

risk to develop diabetes.156  The authors concluded that these metabolic differences 

did not translate into more cardiovascular events or into higher all-cause mortality.  

However, the ALLHAT follow-up was only two to four years, which was probably 

not long enough to yield enough information about the cardiovascular morbidity and 

mortality of diuretic -associated diabetes.  As antihypertensive therapy is usually 

lifelong, more attention is warranted to this complex medical problem. 

As Padwal and Laupacis noted, several ongoing controlled trials, with new-

onset diabetes as the primary endpoint, should help to clarify the role of 

antihypertensive agents in the prevention of diabetes.296  This study adds several 

questions that needs to be answered: 1) are other diuretics, ACEIs, and CCBs 

increase the risk of diabetes and beta-blockers and thiazide diuretics not, or is it an 

artifact of “channeling” high-risk patients to therapies that were believed to have 

more neutral/beneficial metabolic effect? 2) are the observed effects specific to 

certain medications or generalizable to the entire drug class? 3) as antihypertensive 

agents are used in combination, it will also be important to verify whether alpha-

blockers truly offset the detrimental effects of increased risk of diabetes associated 

with other therapies. 
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5.4.1 Conclusions 

In summary, this study found an increased risk of type 2 diabetes with 

several antihypertensive medications, including ACEIs, CCBs, and diuretics after 

controlling for demographic, clinical variables and the use of ‘dual only’ and ‘three 

ore more’ therapies.  This finding conflicts with the majority of previous studies and 

may have been the result of selection bias (also called “channeling”), in which 

patients with higher baseline risk to develop diabetes were “channeled” towards 

these therapies.  Several animal and small clinical trials showed the beneficial effect 

of ACEIs on carbohydrate metabolism, so our findings might have been the result of 

confounding by uncontrolled risk factors, such as genetic predisposition for diabetes, 

lifestlyle habits, and other unmeasured biological differences. 

In addition, simultaneous use of ‘three or more’ therapies showed a 

significant decrease in the incidence of diabetes, likely as the result of the frequent 

use of alpha-blockers in these combinations.  Comparisons to the existing evidence 

are difficult, as previous studies used different and often poor study methodologies.  

It is important to note that no antihypertensive drug class has been evaluated in a 

placebo-controlled trial with diabetes incidence as a blinded, predefined endpoint.  It 

was also difficult to draw firm conclusions from the results of studies comparing two 

or more antihypertensive agents, because of the surrounding uncertainty whether the 

observed effect is a beneficial effect of one drug, or the detrimental effect of the 

other.  The current study compared the risk of diabetes among frequently used 
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antihypertensive medication to not using the medication, through time-dependent 

variables.  This method was used to explore the unique nature of antihypertensive 

therapy with frequent add-on therapies, switches, and discontinuations.  Overall, it 

can be concluded that major antihypertensive classes may exert differential effects 

on the incidence of diabetes.   
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Appendices 

Appendix A.  List of Antihypertensive Medicationsa 

Class Medications First approval 
date 

Dose(s) 

Bendroflumethiazide <1982 5mg 

Chlorothiazide <1982 250, 500mg 

Chlorthalidone <1982 15, 25, 50mg 

Hydrochlorothiazide <1982 6.25, 12.5, 15, 25, 30, 50, 
100mg 

Hydroflumethiazide <1982 50mg 

Methyclothiazide <1982 2.5, 5mg 

Metolazone <1982 0.5, 2.5, 5, 10mg 

Indapamide 1983 1.25, 2.5mg 

Polythiazide <1982 0.5, 1, 2, 4mg 

Thiazide diuretics 

Trichlormethiazide <1982 2, 4mg 

Acebutolol 1984 200, 400mg 

Atenolol <1982 25, 50, 100mg 

Betaxolol 1985 10, 20mg 

Bisoprolol 1992 2.5, 5, 10mg 

Carvedilol 1995 3.125, 6.25, 12.5, 25mg 

Esmolol 1986 Available in IV 
preparation only  

Labetalol 1984 100, 200, 300mg 

Metoprolol <1982 25,b 50, 100, 200mg,b 

Nadolol <1982 20, 40, 80, 120, 160mg 

Penbutolol 1989 20mg 

Pindolol 1982 5, 10mg 

Propranolol <1982 
10, 20, 40, 60, 80, 90, 
120,b 160bmg, 80mg/mL,c 
4,c 8 mg/dLc 

Sotalol 2000 80, 120, 160, 240mg 

Beta-blockers 

Timolol <1982 5, 10, 20mg 

Amlodipine 1992 2.5, 5, 10mg 

Bepridil 1990 200mg 

Calcium-channel 
blockers (CCBs) 

Diltiazem 1989 30, 60, 90, 120, 180,b 
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Class Medications First approval 
date Dose(s) 

240,b 300,b 360b 420bmg 

Felodipine 1991 2.5, 5, 10mgb 

Isradipine 1990 2.5, 5, 10bmg 

Nicardipine 1988 20, 30, 45,b 60bmg 

Nifedipine <1982 10, 20, 30,b 60,b 90bmg 

Nisoldipine 1995 10, 20, 30, 40mgb 

 

Verapamil 1982 40, 80, 100,b 120, 180,b 
200,b 240,b 300,b 360bmg 

Benazepril 1991 5, 10, 20, 40mg 

Captopril <1982 12.5, 25, 50, 100mg 

Enalapril 1985 2.5, 5, 10, 20mg 

Fosinopril 1991 10, 20, 40mg 

Lisinopril 1988 2.5, 10, 20, 30, 40mg 

Moexipril 1995 7.5, 15mg 

Perindopril 1993 2, 4, 8mg 

Quinapril 1991 5, 10, 20, 40mg 

Ramipril 1991 1.25, 2.5, 5, 10mg 

Angiotensin Converting 
Enzyme Inhibitors 
(ACEIs) 

Trandolapril 1996 1, 2, 4mg 

Candesartan 1998 4, 8, 16, 32mg 

Eprosartan 1997 300, 400, 600mg 

Irbesartan 1997 75, 150, 300mg 

Losartan 1995 25, 50, 100mg 

Olmesartan 2002 5, 20, 40mg 

Telmisartan 1998 20, 40, 80mg 

Angiotensin II Receptor 
Blockers (ARBs) 

Valsartan 2001 40, 80, 160, 320mg 

Bumetanide 1983 0.5, 1, 2mg 

Furosemide <1982 4, 10mg/dL,c 20, 40, 
80mg 

Torsemide 1993 5, 10, 20, 100mg 

Loop diuretics 

Ethacrynic acid <1982 25mg 

Amiloride <1982 5mg Potassium-sparing 
diuretics 

Triamterene <1982 50, 100mg 

Aldosterone-receptor Spironolactoned 1982 25, 50, 100mg 
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Class Medications First approval 
date Dose(s) 

blockers Eplerenone 2002 25, 50, 100mg 

Doxazosin 1990 1, 2, 4, 8mg 

Prazosin <1982 1, 2, 2.5,b 5mg 

Alpha-blockers 

Terazosin 1987 1, 2, 5, 10mg 

Hydralazine <1982 10, 25, 50, 100mg 

Minoxidil <1982 2.5, 10mg 

Direct vasodilators 

Sodium Nitroprusside 1986 IV only 

Guanabenz 1994 4, 8mg 

Clonidine <1982 0.1, 0.2, 0.3mg; 0.1, 0.2, 
0.3mg/24h,f 0.1, 1%c 

Methyldopa <1982 125, 250, 500mg 

Reserpine <1982 0.1, 0.25mg 

Central alpha2-agonists 
and other centrally acting 
drugs 

Guanfacine 1986 1, 2mg 

Other antihypertensive 
preparation Diazoxidee <1982 50mg/mLc 

Carvedilol 1995 3.125, 6.25, 12.5, 25mg Combined alpha-blocker 
and beta-blocker 

Labetalol 1987 100, 200, 300mg 

a Oral monotherapies only (no ophthalmic, IV and or combination preparations, except carvedilol and labetalol) 
b Available in extended release formulations only 
c Oral concentrate or oral solution 
d Potassium-sparing diuretic(AHFS); Aldosterone receptor blocker (JNC 7) 
e Structurally related to thiazides, but non-diuretic.  Unsuitable for chronic therapy 
f Transdermal patch 
 
Sources: JNC 7 (source: Physician’s Desk Reference. 57th ed. Montvale, NJ: Thomson PDR; 2003), 156 Electronic Orange Book, 
243 AHFS, online version140 
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Appendix B.  List of Hypoglycemic Medications 

Class Medication 

Insulin preparations Insulin (regular) 

 Insulin Aspart 

 Insulin Glargine 

 Insulin Human 

 Isophane (NPH insulin) 

 Insulin Lispro 

 Insulin Zinc 

Sulfonylureas Acetohexamide 

 Chlorpropamide 

 Glimepiride 

 Glipizide 

 Glyburide 

 Tolazamide 

 Tolbutamide 

Thiazolidinediones (glitazones) Pioglitazone 

 Troglitazone 

 Rosiglitazone 

Meglitinide derivatives Nateglinide 

 Repaglinide 

Other Hypoglycemic Preparations Acarbose 

 Metformin 

Sources: JNC 7 (source: Physician’s Desk Reference. 57th ed. Montvale, NJ: Thomson PDR; 2003), 156 AHFS, online version140 
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Appendix C.  List of Variables from the CTVHCS database 

File Name Data Fields* 

Patient ID Yr. of Birth Sex Race    

Medications ID VA Class Code Drug Name Date Quantity Day Supply I/O 

Diagnoses ID ICD-9 Diagnoses Date     

Lab ID Lab Test Lab Code Lab Value Date   

Blood 
Pressure ID Blood Pressure Date     

Vitals ID Height Weight Date    

*Description of Variables within Each File; Yr. = year; Dx = diagnosis; I = inpatient, O = outpatient;  

Patient Description 
ID A unique patient identifier not based on SSN (to aggregate data files) 
Year of Birth Patient’s year of birth 
Sex Patient’s gender 
Race Patient’s race 
 
Medication Description 
ID A unique patient identifier not based on SSN (to aggregate data files) 
VA Class Code Drug class code unique to the VA system 
Drug Name Name of the drug, including strength 
Date Date drug was dispensed 
Quantity Amount of drug dispensed 
Day Supply  Number of days drug supplied 
Inpatient/Outpatient Designation of patient status 
 
Diagnoses Description 
ID A unique patient identifier not based on SSN (to aggregate data files) 
ICD-9 Patient’s diagnoses, based on ICD-9 codes  
Date Date of diagnosis 
 
Lab Description 
ID A unique patient identifier not based on SSN (to aggregate data files) 
Lab Test Name of the lab test 
Lab Code VA standard lab code 
Lab Value Value of the lab 
Date Date of the lab test 
 
Blood Pressure Description 
ID A unique patient identifier not based on SSN (to aggregate data files) 
Blood Pressure Patient’s blood pressure 
Date Date of the blood pressure 
 
Vitals Description 
ID A unique patient identifier not based on SSN (to aggregate data files) 
Height Patient’s height in inches and date of visit 
Weight Patient’s weight in pounds and date of visit 
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Appendix D.  Study Variables 

Variable Definitions Categories Comments 

DEPENDENT VARIABLES 

Duration of time to 
develop type 2 diabetes 

Indicators of type 2 diabetes: any two 
occurrences of the following: 

?  Diagnosis with diabetes (ICD-9: 
250.00-250.99)  

?  Treatment with hypoglycemic 
medications  

?  Random glucose values =200 
mg/dL 

Continuous variable 
(duration to develop 
diabetes) 

?  [date of the (second) 
diabetes indicator] – 
first prescription refill 
for an antihypertensive 
agent or index date (for 
‘no antihypertensive 
therapy’ group) 

Except if 

?  Occurs within 90-days 
after the index date 

?  If antihypertensive 
medications were 
discontinued 

Change in blood 
glucose level 

Change in random blood glucose (in 
mg/dL) between baseline (3 months 
pre and 3 months post index date) and 
follow-up (last 6 months of follow-up).   

Continuous variable 

?  (Average follow-up 
blood glucose) – 
(Average baseline 
blood glucose) 

?  (Maximum follow-up 
fasting blood glucose) – 
(Maximum baseline 
fasting blood glucose) 

 

 

 

Patients with values within 
the 90-day minimum 
exposure period will be 
excluded 

=2 readings required for 
valid estimate 
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Variable Definitions Categories Comments 

INDEPENDENT VARIABLES 

Antihypertensive therapy 

  Model 1: 

1) angiotensin converting enzyme inhibitor (ACEI); 

2) angiotensin II receptor blocker (ARB); 

3) alpha-blocker; 

4) beta-blocker;  

5) calcium channel blocker (CCB); 

6) diuretic (i.e., loop diuretic, potassium-sparing 
diuretic, or aldosterone-receptor blocker); 

7) thiazide diuretic;  

8) other (i.e., direct vasodilator or central alpha2-
agonist) 

9) no therapy 

Model 2: 

Model 1 + ‘dual therapy’ 

Model 3: 

Model 2 + ‘three or more therapy’ 
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Variable Definitions Categories Comments 

Demographic variables 

Age Participants’ age in years  
at index date 

Continuous variable  

Gender  Categorical variable 

?  0 = female 

?  1 = male 

 

Race/ethnicity  Categorical variable 

?  0 = White 

?  1 = non-White 

 

Clinical variables 

Duration of 
hypertension 

Length of time between index date and 
end of follow-up period.  End of 
follow-up is defined as the occurrence 
of any of the following: 

?  end of follow-up period (5/31/04) 

?  indication of diabetes 

Continuous variable 

(date of the end of follow-up 
– index date) 

 

Hypertension severity Intensity of antihypertensive therapy 
indicated by combination 
antihypertensive therapy 

Categorical variable 

?  0 = less severe (0 or 1 
therapy) 

?  1 = more severe (=2 
therapies) 

 

Timeframe: 1 year post 
index date 
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Variable Definitions Categories Comments 

Clinical variables continued 

Duration of 
hypertension therapy 

Length of time between first and last 
antihypertensive medication.  Last 
medication is defined after: 

?  No prescription filled for at least 6 
months 

Continuous variable: 

(date of last prescription 
refill) – (date of first 
prescription refill) 

 

Blood pressure control Average systolic and diastolic blood 
pressure is below goal blood pressure 
of 140/90 mmHg 

Categorical variable: 

?  1 = controlled 

?  0 = uncontrolled 

 

Medication 
Availability Ratio 

Percent of medications refilled during 
the complete treatment period 

Continuous variable  

Change in BMI Difference between follow-up and 
baseline BMI categories 

BMI: calculated from weight and 
height in kg/m2 

 

Continuous variable First height will be used 
and assumed to be 
constant. 

Timeframe for follow-up 
weight: last 6 months of 
follow-up 

Timeframe for baseline 
weight: 90 days before 
and 90 days after index 
date 
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Variable Definitions Categories Comments 

Clinical variables continued 

Body Mass Index 
(BMI) 

Calculated from weight and height in 
kg/m2 

Continuous variable First height data will be 
used and assumed to be 
constant. 

Timeframe for baseline 
weight: 90 days pre and 
90 days post index date 

Impaired glucose 
tolerance (IGT) 

Indicators of IGT: any occurrence of 
the following: 

?  Diagnosis with IGT (ICD-9: 790.2) 

?  Random glucose value <200 
mg/dL and =140 mg/dL 

Categorical variable: 

?  0 = no evidence for  
IGT 

?  1 = IGT 

Timeframe for baseline 
IGT status: 90 days pre 
and 90 days post index 
date 

Dyslipidemia Indicators of dyslipidemia: any 
occurrence of the following: 

?  HDL cholesterol = 35 mg/dL 

?  triglyceride = 250 mg/dL 

?  treatment for dyslipidemia 

Categorical variable: 

?  0 = no evidence for 
dyslipidemia 

?  1 = dyslipidemia 

Timeframe for baseline 
dyslipidemia status: 90 
days pre and 90 days post 
index date 

“High-risk” drug Filled prescription with antipsychotic, 
corticosteroid, or nicotinic acid 
preparation 

Categorical variable: 

?  0 = no indication for  
‘high-risk’ drug 

?  1 = ‘high-risk’ drug was 
 filled by the patient 

Timeframe: 90 days prior 
to end of follow-up 
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Appendix E.  List of Pharmacologic Therapies for Dyslipidemia 

Class Medication 

Bile Acid Sequestrants Cholestyramine Resin 

 Colesevelam 

 Colestipol 

Fibric Acid Derivatives Fenofibrate 

 Gemfibrozil 

HMG-CoA Reductase Inhibitors Atorvastatin 

 Fluvastatin 

 Lovastatin 

 Pravastatin 

 Simvastatin 

 Rosuvastatin 

Other Antilipemic Preparations Ezetimibe 

 Niacin (nicotinic acid) 

Sources: JNC 7 (source: Physician’s Desk Reference. 57th ed. Montvale, NJ: Thomson PDR; 2003), 156 AHFS, online version140 
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Appendix F.  List of Corticosteroids 

Class Medication 

Glucocorticoids Betamethasone 

 Cortisone 

 Dexamethasone 

 Flunisolide 

 Fluticasone 

 Hydrocortisone 

 Methylprednisolone 

 Prednisolone 

 Prednisone 

 Triamcinolone 

Glucocorticoid with mineralocorticoid 
properties Fludrocortisone 

Other corticosteroid preparation Beclomethasone 

Sources: JNC 7 (source: Physician’s Desk Reference. 57th ed. Montvale, NJ: Thomson PDR; 2003), 156 AHFS, online version140 
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Appendix G.  List of Antipsychotic Medications 

Class Medication 

Atypical Antipsychotics Aripiprazole 

 Clozapine 

 Olanzapine 

 Quetiapine 

 Risperidone 

 Ziprasidone 

Butyrophenones Haloperidol 

Phenothiazines Chlorpromazine 

 Fluphenazine 

 Perphenazine 

 Prochlorperazine 

 Thioridazine 

 Trifluoperazine 

Thioxanthenes Thiothixene 

Miscellaneous Antipsychotics Loxapine 

 Molindone 

 Pimozide 

Sources: JNC 7 (source: Physician’s Desk Reference. 57th ed. Montvale, NJ: Thomson PDR; 2003), 156 AHFS, online version140 
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