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Background: Insulin resistance may play a pathogenic role in cardiovascular 

disease (CVD). Resistance to insulin has been associated with obesity, hypertension, 

and abnormal glucose and lipid metabolism. The constellation of these features among 

insulin resistant subjects has been called the metabolic syndrome. Prevalence of the 

metabolic syndrome increases with age and is most common in the elderly. Different 

criteria have been proposed to define the metabolic syndrome (ATP, WHO, AACE, 

EGIR). Current management of metabolic syndrome focuses on the specific risk factors 



 

 xviii

that the patient may have without targeting the underlying insulin resistance. 

Angiotensin Converting Enzyme Inhibitors (ACEI) and Angiotensin Receptor Blockers 

(ARB) are widely used antihypertensive medications that may improve insulin 

sensitivity. We hypothesize that they can be used to reduce the long term cardiovascular 

complications in elderly hypertensive subjects with evidence of insulin resistance. In 

this study, we determined the effect of ACEI/ARB on the long term development of 

CVD in hypertensive non-diabetic elderly patients with the metabolic syndrome, as well 

as in patients with insulin resistance. Methods: Our research project utilizes the 

Cardiovascular Health Study (CHS) dataset. This dataset is a community based 

observational study where elderly participants were randomly selected and followed up 

for 11 years and the time to any cardiovascular event was recorded. In our project, we 

included hypertensive, non-diabetic individuals, with evidence of metabolic syndrome 

or insulin resistance, but had not experienced cardiovascular events at baseline. Cox 

regression model was used to evaluate the effect of ACEI/ARB on the time to the first 

cardiovascular event compared to the other antihypertensive medications adjusting for 

possible confounders such as age, race, gender, smoking status, triglycerides, LDL 

levels, systolic blood pressure, development of diabetes, congestive heart failure (CHF) 

and the number of anti-hypertensives. Results: In elderly hypertensive non-diabetic 

subjects with the metabolic syndrome according to the ATP and the WHO criteria, the 

hazard ratio for CVD associated with the use of ACEI/ARB was 0.65 or 0.68 (with 95 

% C.I. of [0.45, 0.98], and [0.48, 0.96]) respectively when compared to the group 

exposed to the other anti-hypertensives. When the metabolic syndrome was defined 
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according to the AACE and EGIR, the use of ACE/ARB was associated with hazard 

ratios for CVD equal to 0.74 and 0.899, respectively (with 95 % C.I. of [0.54, 1.09] and 

[0.61, 1.34]) compared to the use of the other anti-hypertensives. Hypertensive non-

diabetic elderly subjects who were insulin resistant as evidenced by a HOMA-IR in the 

upper quartile, had a hazard ratio for CVD of 0.78 (95 % C.I. [0.56, 1.09]) associated 

with the use of ACEI/ARB compared to the use of other anti-hypertensives. 

Conclusions: The effect of ACEI/ARB on the development of cardiovascular events 

differs according to the definition of the metabolic syndrome. Elderly hypertensive 

patients with the metabolic syndrome, defined by ATP and WHO, seem to have lower 

risk of CVD with ACEI/ARB compared to the other antihypertensive medications. 

However, this association is not significant in elderly hypertensive patients in the upper 

quartile of HOMA and in patients with the metabolic syndrome as defined by AACE 

and EGIR criteria. 
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CHAPTER I 
Background 

Overview of the Document 
 

This dissertation describes a study designed to examine the effect of 

ACEI/ARB on the cardiovascular sequelae in hypertensive non-diabetic elderly 

subjects with the metabolic syndrome or evidence of insulin resistance. This chapter 

provides background information necessary to understand the significance of the 

project. The second chapter presents the objective, central hypothesis, rationale, 

specific aims and significance of the project. Chapter 3 describes the methodology 

used to conduct the study. The results are presented in chapter 4 followed by a 

discussion of the results and concluding remarks in chapter 5. 

Definition of Metabolic Syndrome 
 

The metabolic syndrome, or insulin resistance syndrome, is the constellation of 

different metabolic risk factors which promotes the risk for the development not only 

of diabetes but also of cardiovascular events as shown by several population based 

studies (1-8).  

There is no uniform definition for the metabolic syndrome and different 

criteria have been proposed (9): 
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World Health Organization (WHO) Criteria 

Based on the WHO, a diagnosis of the metabolic syndrome is made if the 

patient shows one of several markers of insulin resistance (10):  

 impaired fasting glucose (fasting glucose level between 110-125 mg/dl),  

 impaired glucose tolerance (2-hr post glucose level between 140-200 

mg/dl),  

 being in the upper quartile of the HOMA-IR level for the study population  

AND  

2 of the following additional risk factors:  

 Obesity (waist to hip ratio > 0.9 in men or waist to hip ratio > 0.85 in women 

and/ or body mass index [BMI] > 30 kg/m2), or 

 High triglycerides level ≥ 150 mg/dl or  

 HDL-C < 35 mg/dl in men or  < 39 mg/dl in women, or 

 Blood pressure ≥ 140 mm Hg for systolic blood pressure (SBP) and ≥ 90 mm 

Hg for diastolic blood pressure (DBP)  

 Microalbuminuria (albumin excretion > 20 mcg/min). 

European Group for Study of Insulin Resistance (EGIR) criteria 

The EGIR proposed a modification of the WHO definition (11). By their 

criteria, plasma insulin level in the upper quartile of the study population plus 2 

additional risk factors constitutes a diagnosis of the syndrome. The risk factors 

include:  

 high waist circumference ( ≥ 94 cm in men or ≥ 80 cm in men), or 
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 high triglycerides level (≥ 150 mg/dl), or 

 low HDL-C level (< 39 mg/dl in men or women), or 

 high blood pressure (≥ 140/90 mm Hg or on hypertension medications), or 

 impaired glucose metabolism (impaired glucose tolerance or impaired 

fasting glucose). 

National Cholesterol Education Program (NCEP)’s Adult Treatment Panel III 
(ATP III) criteria 
 

The most widely used definition for the metabolic syndrome was established 

by NCEP’s ATP III report in 2001 (12). These guidelines were subsequently updated 

in 2005 by a scientific statement jointly published by the American Heart Association 

(AHA) and the National Heart Lung and Blood Institute (NHLBI) (9). A diagnosis of 

metabolic syndrome is defined in the updated guidelines as a person meeting 3 of the 

following 5 conditions: waist circumference > 102 cm in men or > 88 cm in women, 

triglycerides ≥ 150 mg/dl or on drug treatment for elevated triglycerides, HDL-C < 40 

mg/dl in men or < 50 mg/dl in women or on drug treatment for reduced HDL-C, blood 

pressure ≥ 130 mm Hg for SBP or ≥ 85 mm Hg for DBP or on antihypertensive 

treatment in a patient with a history of hypertension, fasting glucose ≥ 100 mg/dl or on 

drug treatment for elevated glucose. The ATP criteria are simple to use in a clinical 

setting and have the advantage of avoiding emphasis on a single cause for the 

metabolic syndrome. 
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American Association of Clinical Endocrinologists (AACE) criteria 

The AACE modified the ATP Ш criteria (13). According to AACE, a patient 

is defined to have the syndrome if he/she is at increased risk of insulin resistance by 

having any of the following risk factors based on clinical judgment: 

 Family history of cardiovascular diseases (CVD) or  

 a sedentary lifestyle (low or minimal exercise intensity) or  

 high BMI ( > 25 kg/m2) or 

 increased waist circumference (> 40 inches in men or > 35 inches in 

women) 

And if he/she has 2 of the 4 identifying abnormalities:  

 high triglycerides level (≥ 150 mg/dl),  

 low HDL-C (< 40 mg/dl in men or < 50 mg/dl in women),  

 high blood pressure (≥ 130/85 mm Hg), 

 Impaired fasting glucose or impaired glucose tolerance. 

International Diabetes Foundation (IDF) criteria 

The IDF provided different criteria for the metabolic syndrome in 2005 (14). 

The IDF set out ethnic-specific criteria for increased weight circumference (≥ 94 cm 

in men or ≥ 80 cm in women for people of European origin; ≥ 90 cm in men or ≥ 80 

cm in women in Asian populations, except for Japan, in whom the criteria were ≥ 85 

cm in Japanese men or ≥ 90 cm in Japanese women). According to the IDF, a person 

is diagnosed with the metabolic syndrome if he/she has an increased waist 

circumference plus 2 additional risk factors:  
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 high triglycerides level (≥ 150 mg/dl or on medications for the 

hypertriglyceridemia), 

 low HDL-C (< 40 mg/dl in men or < 50 mg/dl in women or on medications 

for the low HDL level),  

 high blood pressure (≥ 130/85 or on hypertension medications), 

 high fasting glucose level (≥ 100 mg/dl). 

Prevalence of the Metabolic Syndrome 
 

Estimates of the prevalence of the metabolic syndrome have varied 

substantially due to the variability of evaluated population and diagnostic criteria. The 

metabolic syndrome, as defined by the AHA/NHLBI/ATP III criteria, is estimated to 

be prevalent in 28% of the US adults aged ≥ 20 years, as found by a representative 

sample who participated in the cross-sectional NHANES III survey (1988-1994) (15). 

The prevalence increased significantly to 31.9 % in the NHANES (1999-2000) survey 

indicating that it continues to rise.  

The prevalence of the metabolic syndrome increases with age, reaching peak 

levels in the sixth decade for men and the seventh decade for women (16). According 

to NHANES III survey, the prevalence of the metabolic syndrome was 6.7% among 

participants 20-29 years old, 43.9% among participants 60-69 years old, and 42% 

among participants 70 years and older. This increased prevalence of metabolic 

syndrome with age is paralleled with similar increases in the prevalence of obesity, 
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insulin resistance, dyslipidemia, high blood pressure and impaired glucose 

metabolism. 

The prevalence of the metabolic syndrome, as defined by the ATP Ш criteria, 

was found to vary among ethnic groups ranging from a low 13.9 % in black men 

(mean age = 40.9 years) to a high of 27.2 % in Mexican American women (mean age 

= 38.9 years) (16). These findings suggest that Mexican Americans are more prone to 

develop insulin resistance, abnormal body fat distribution and metabolic syndrome 

(16-18). On the other hand, the African American population is known to have higher 

insulin resistance, higher CHD mortality rate and higher incidence of type 2 diabetes 

compared to the Caucasians. However, the metabolic syndrome prevalence was lowest 

in African American men accompanied with lower prevalence of large waist 

circumference, high triglycerides levels, low HDL levels but higher prevalence of 

high blood pressure (16). These findings may raise questions regarding the predictive 

validity of the ATP Ш criteria across different ethnic groups. 

Pathogenesis of the Metabolic Syndrome 
 

The pathogenesis of the metabolic syndrome is complex and incompletely 

understood but obesity and insulin resistance are known to contribute to its 

development (19). Insulin is normally responsible for the decrease in hepatic glucose 

production and the increase in insulin stimulated glucose uptake. In insulin resistance, 

the phosphatidyl inositol-3 (PI-3) kinase pathway, which is responsible for the 
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metabolic effects of insulin, is defective leading to hyperglycemia and compensatory 

hyperinsulinemia (20).  

The P1-3 kinase pathway increases nitric oxide level which is a potent 

vasodilator. Thus, the impairment of this pathway in insulin resistance contributes to 

vascular endothelial dysfunction. Another signal transduction pathway of insulin 

involves the ERK-MAP kinase, which stimulates smooth muscle growth and 

proliferation, maintains its sensitivity to insulin. The overall effect may lead to 

atherogenesis (20;21). The atherogenic effects of insulin resistance may also result 

from increased production of very low density lipoproteins (VLDL), increased platelet 

activation and increased levels of coagulation factors such as fibrinogen and 

plasminogen activator inhibitor (22;23). 

In insulin resistance, the adipocytes show resistance to the anti-lipolytic effects 

of insulin and results in an increase in the level of free fatty acids (FFA) in plasma. 

Overabundance of FFA exacerbates the existing insulin resistance by inhibiting 

insulin mediated glucose uptake in insulin sensitive tissues (22). In addition, these 

FFA cause an increased production of glucose, triglycerides and VLDL. High 

circulating glucose and FFA levels increase pancreatic insulin secretion resulting in 

hyperinsulinemia which may predispose to the development of high blood pressure by 

different mechanisms such as enhancing renal sodium and water reabsorption, and 

increasing sympathetic nervous system stimulation (22;23). Thus, the result would be 

the constellation of the metabolic abnormalities in an individual more than can be 

expected by chance.  
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Estimate of the Associated Risk of Cardiovascular Sequelae 
Associated with the Metabolic Syndrome 
 

Numerous studies reported a significant increase in the hazard of CHD 

mortality, CVD mortality and all-cause mortality in patients with the metabolic 

syndrome (2-4). However, because of the different definitions of the metabolic 

syndrome, the magnitude and impact of cardiovascular risk is difficult to assess. Most 

estimates for the hazard for mortality associated with the metabolic syndrome ranged 

from 1.5 to 3 (2;4), although, higher estimates for CHD mortality (around 4) have also 

been reported (3). Increased risks of mortality were observed for diabetic subjects and 

in subjects with preexisting CVD (diseases that include coronary and non-coronary 

heart diseases such as stroke, and peripheral vascular diseases) with the highest risk 

among those with both diabetes and CVD. The risk of developing incident CHD in 

non-diabetic subjects with metabolic syndrome ranges from 1.3-2.9 (5;6;24).  

Surrogate Measures of Insulin Resistance 
 

Many investigators have used the diagnosis of the metabolic syndrome in 

individuals as an indicator of insulin resistance. Insulin resistance is also assessed by 

dynamic and static methods (25). Dynamic measures of insulin resistance, such as the 

euglycemic clamp, is labor intensive and are not suitable for studying large numbers 

of patients (25). In many epidemiological studies, the homeostatic model assessment 

(HOMA) was used (26). HOMA is a method used to assess insulin resistance from 

basal glucose and insulin concentrations (27). The relationship between fasting plasma 
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glucose and insulin reflects the balance between hepatic glucose output and insulin 

secretion, which is maintained by a feedback loop between the liver and the pancreatic 

β cells. Plasma glucose concentration in the basal state is regulated by hepatic glucose 

output, which is insulin dependent. Insulin concentration is dependent on the response 

of pancreatic cells to glucose. Insulin signals glucose uptake in the fat and muscle 

tissues, which depends on circulating glucose level as well. However, glucose uptake 

in the brain and urine depends solely on glucose (28).  

HOMA can be calculated by multiplying fasting plasma glucose (mg/dl) and 

fasting plasma insulin (µU/ml) and dividing over 22.5 (27). Insulin sensitivity 

decreases as the HOMA value increases as shown in figure 1.1 below. There are good 

correlations between estimates of insulin resistance derived from HOMA and from the 

gold standard euglycemic clamp (26;27;29;30) and between HOMA and the minimal 

model (31;32). HOMA as well as the other measures (fasting insulin and fasting 

glucose/fasting insulin ratio) can indicate insulin resistance in subjects with normal 

glucose levels. As insulin resistance increases, fasting insulin and HOMA values 

increase, while the fasting glucose/insulin ratio decreases. On the other hand, HOMA 

but not fasting insulin or fasting glucose/insulin can reflect insulin resistance in 

diabetic subjects. Therefore, as the insulin resistance increases, HOMA value 

increases but no indicative changes are associated with fasting insulin or the fasting 

glucose/insulin ratio (table 1.1). 
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Figure 1.1: Relationship between HOMA level, insulin sensitivity and pancreatic 
β cell function (28) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1.1: Comparison between hypothetical HOMA level, fasting insulin and fasting 
glucose/insulin ratios in normoglycemic and diabetic subjects (33) 

 

Patient 
Hypothetical 
fasting serum 
values 

Fasting 
insulin 
measure 

Fasting 
glucose/fasting 
insulin ratio 

HOMA 
value 

A 
(normoglycemic) 

Fasting insulin  
20 (U/ml) 
Fasting glucose  
100 (mg/dl) 

20 5.0 4.94 

B 
(normoglycemic) 

Fasting insulin  
30 (U/ml) 
Fasting glucose  
100 (mg/dl) 

30 3.33 7.41 

C  
(diabetic) 

Fasting insulin  
30 (U/ml) 
Fasting glucose  
150 (mg/dl) 

30 5.0 11.11 
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Study number 4: The metabolic syndrome defined using the AACE Criteria  
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Specific Aim 2: Identify the effect of ACEI/ARB on the long 
term development of cardiovascular events in elderly non-
diabetic hypertensive patients with insulin resistance. 
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Appendix C 
“Multivariable Models for the Effect of ACEI/ARB 

and the Other Anti-Hypertensives on CVD” 
 

The following multivariable models show the effect of using ACEI/ARB 

adjusting for the use of the other antihypertensive medications on the CVD in elderly 

hypertensive non-diabetic subjects in the upper quartile of HOMA and in subjects 

satisfying the different metabolic syndrome criteria. 
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Specific Aim 1 
Table 6: Effect of different anti-hypertensives on the CVD in patients with the metabolic syndrome 

defined by the WHO criteria 
 

 

Parameter DF Parameter 
Estimate 

Standard 
Error 

Chi-
Square p value Hazard 

Ratio 

95% HR 
Confidence 
Limits 

Use of 
ACEI/ARB 1 -0.37947 0.20522 3.4190 0.0644 0.684 0.458 1.023 

Use of beta 
blockers 1 0.00868 0.18717 0.0021 0.9630 1.009 0.699 1.456 

Use of CCB 1 0.12135 0.18014 0.4538 0.5005 1.129 0.793 1.607 

Use of 
vasodilators 1 -0.17256 0.30549 0.3191 0.5722 0.842 0.462 1.531 

Use of 
diuretics 1 0.06333 0.18390 0.1186 0.7306 1.065 0.743 1.528 

Use of alpha 
blockers 1 -0.06904 0.39816 0.0301 0.8623 0.933 0.428 2.037 

SBP 1 0.00563 0.00259 4.7150 0.0299 1.006 1.001 1.011 
Development 
of CHF 1 1.80639 0.15764 131.3105 <.0001 6.088 4.470 8.293 

Development 
of diabetes 1 0.53280 0.36666 2.1115 0.1462 1.704 0.830 3.495 

Number of 
HTN 
medications 

1 -1.45235 0.46504 9.7533 0.0018 0.234 0.094 0.582 

Age 1 0.04216 0.01074 14.77 0.0001 1.042 1.02 1.064 

Gender (male 
vs. female) 1 0.54102 0.11648 21.5731 <.0001 1.718 1.367 2.158 

Former 
smoker vs. 
never 

1 0.20262 0.12385 2.6764 0.1018 1.225 0.961 1.561 

Current 
smoker vs. 
never 

1 0.69027 0.17051 16.3880 <.0001 1.994 1.428 2.786 

Race (black 
vs. not) 1 -0.38386 0.20321 3.5683 0.0589 0.681 0.457 1.015 

LDL 1 0.00353 0.00167 4.4739 0.0344 1.004 1.000 1.007 

Number of 
HTN 
medications* 
log(time) 

1 0.18724 0.06326 8.7597 0.0031 1.206 1.065 1.365 
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Table 7: Effect of different anti-hypertensives on the CVD in patients with the metabolic syndrome 
defined by the EGIR criteria 

 

 

Parameter DF Parameter 
Estimate 

Standard 
Error 

Chi-
Square p value Hazard 

Ratio 

95% HR 
Confidence 
Limits 

Use of 
ACEI/ARB 1 0.03115 0.24470 0.0162 0.8987 1.032 0.639 1.667 

Use of beta 
blockers 1 0.44477 0.25046 3.1535 0.0758 1.560 0.955 2.549 

Use of CCB 1 0.34221 0.22611 2.2906 0.1302 1.408 0.904 2.193 

Use of 
vasodilators 1 0.06439 0.37927 0.0288 0.8652 1.067 0.507 2.243 

Use of 
diuretics 1 0.20174 0.23694 0.7249 0.3945 1.224 0.769 1.947 

Use of alpha 
blockers 1 -0.35669 0.52978 0.4533 0.5008 0.700 0.248 1.977 

SBP 1 0.00656 0.00315 4.3395 0.0372 1.007 1.000 1.013 

Development 
of CHF 1 1.57737 0.19183 67.6150 <.0001 4.842 3.325 7.052 

Development 
of diabetes 1 0.66936 0.46198 2.0993 0.1474 1.953 0.790 4.830 

Number of 
HTN 
medications 

1 -1.39362 0.57397 5.8954 0.0152 0.248 0.081 0.764 

Age 1 0.05038 0.01276 15.58 <0.0001 1.052 1.026 1.078 

Gender (male 
vs. female) 1 0.30166 0.13470 5.0155 0.0251 1.352 1.038 1.761 

Former 
smoker vs. 
never 

1 0.09449 0.14644 0.4164 0.5188 1.099 0.825 1.464 

Current 
smoker vs. 
never 

1 0.79649 0.19218 17.1762 <.0001 2.218 1.522 3.232 

Race (black 
vs. not) 1 -0.35549 0.22278 2.5463 0.1106 0.701 0.453 1.085 

Number of 
HTN 
medications* 
log(time) 

1 0.15737 0.07742 4.1324 0.0421 1.170 1.006 1.362 



 

 182 

Table 8: Effect of different anti-hypertensives on the CVD in patients with the metabolic syndrome 
defined by the ATP criteria 

 

 

 
  

Parameter DF Parameter 
Estimate 

Standard 
Error Chi-Square p-value Hazard 

Ratio (HR) 
95% HR 
Confidence Limits 

Use of ACEI/ARB 1 -0.43939 0.21167 4.3089 0.0379 0.644 0.426 0.976 

Use of beta blockers 1 -0.14595 0.17829 0.6702 0.4130 0.864 0.609 1.226 

Use of CCB 1 -0.08366 0.17483 0.2290 0.6323 0.920 0.653 1.296 

Use of vasodilators 1 -0.15742 0.35214 0.1998 0.6548 0.854 0.428 1.704 

Use of diuretics 1 -0.03537 0.13736 0.0663 0.7968 0.965 0.737 1.263 

Use of alpha blockers 1 -0.12709 0.45738 0.0772 0.7811 0.881 0.359 2.158 

Development of CHF 1 2.02121 0.18241 122.7766 <.0001 7.547 5.279 10.791 

SBP 1 0.00786 0.00307 6.5742 0.0103 1.008 1.002 1.014 

Development of diabetes 1 0.35732 0.42404 0.7101 0.3994 1.429 0.623 3.282 

Age  1 0.0336 0.01281 6.0801 0.0087 1.034 1.009 1.06 

Gender (male vs. female) 1 0.76182 0.13564 31.5469 <.0001 2.142 1.642 2.795 

Former smoker vs. never 1 0.18977 0.14433 1.7288 0.1886 1.209 0.911 1.604 

Current smoker vs. never 1 0.75328 0.18666 16.2863 <.0001 2.124 1.473 3.062 

Race (black vs. other) 1 -0.19095 0.25904 0.5434 0.4610 0.826 0.497 1.373 

Triglycerides 1 0.00276 0.0009732 8.0150 0.0046 1.003 1.001 1.005 

LDL 1 0.00434 0.00184 5.5453 0.0185 1.004 1.001 1.008 
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Table 9: Effect of different anti-hypertensives on the CVD in patients with the metabolic syndrome 
defined by the AACE criteria 

 

Parameter DF Parameter 
Estimate 

Standard 
Error Chi-Square p value Hazard 

Ratio (HR) 
95% HR 
Confidence Limits 

Use of ACEI/ARB 1 -0.32097 0.16300 3.8774 0.0489 0.725 0.527 0.999 

Use of diuretics 1 0.00200 0.11233 0.0003 0.9858 1.002 0.804 1.249 

Use of CCB 1 0.11674 0.13849 0.7106 0.3992 1.124 0.857 1.474 

Use of Beta blockers 1 -0.09575 0.15264 0.3935 0.5305 0.909 0.674 1.226 

Use of vasodilators 1 -0.16291 0.27172 0.3595 0.5488 0.850 0.499 1.447 

Use of alpha blockers 1 -0.16457 0.37766 0.1899 0.6630 0.848 0.405 1.778 

SBP 1 0.00599 0.00256 5.4624 0.0194 1.006 1.001 1.011 

Development of CHF 1 1.91875 0.14621 172.2144 <.0001 6.812 5.115 9.073 

Development of diabetes 1 0.18039 0.34528 0.2730 0.6014 1.198 0.609 2.356 
Age 1 0.25274 0.06813 13.763 0.0002 1.288 1.127 1.47 
Gender (male vs. female) 1 0.57574 0.11062 27.0891 <.0001 1.778 1.432 2.209 

Former smoker vs. never 1 0.21010 0.11711 3.2184 0.0728 1.234 0.981 1.552 

Current smoker vs. never 1 0.74766 0.15660 22.7951 <.0001 2.112 1.554 2.871 

Race (black vs. other) 1 -0.39597 0.20673 3.6688 0.0554 0.673 0.449 1.009 

Income level at baseline 1 -0.05359 0.02783 3.7083 0.0541 0.948 0.898 1.001 

Age *log(time) 1 -0.02934 0.00954 9.4679 0.0021 0.971 0.953 0.989 
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Specific aim 2 
Table 10: Effect of different anti-hypertensives on the CVD in specific aim 2 study 

 

 

  

Parameter DF Parameter 
Estimate 

Standard 
Error 

Chi-
Square p-value 

Hazard 
Ratio 
(HR) 

95% HR 
Confidence Limits 

Use of ACEI/ARB 1 -0.20123 0.19725 1.0407 0.3076 0.818 0.556 1.204 

Use of beta blockers 1 0.03593 0.18884 0.0362 0.8491 1.037 0.716 1.501 

Use of CCB 1 0.25517 0.17746 2.0676 0.1505 1.291 0.912 1.828 

Use of vasodilators 1 0.03626 0.29586 0.0150 0.9025 1.037 0.581 1.852 

Use of diuretics 1 0.22808 0.18033 1.5997 0.2059 1.256 0.882 1.789 

Use of alpha blockers 1 -0.04678 0.39434 0.0141 0.9056 0.954 0.441 2.067 

SBPI 1 0.00620 0.00255 5.9146 0.0150 1.006 1.001 1.011 

Development of CHF 1 1.91116 0.14677 169.5563 <.0001 6.761 5.071 9.014 

Development of diabetes 1 0.25473 0.34566 0.5431 0.4612 1.290 0.655 2.540 
Number of  HTN 
medications 1 -0.41254 0.41317 0.9969 0.3181 0.662 0.295 1.488 

Age 1 0.0467 0.0101 21.11 <0.0001 1.048 1.027 1.069 
Gender 1 1.70509 0.85084 4.0160 0.0451 5.502 1.038 29.157 

Former smoking 1 0.20770 0.11662 3.1723 0.0749 1.231 0.979 1.547 

Current smoking 1 0.77613 0.15601 24.7478 <.0001 2.173 1.601 2.950 

Race (black vs. other) 1 -0.26310 0.20180 1.6998 0.1923 0.769 0.518 1.142 

LDL 1 0.00331 0.00157 4.4558 0.0348 1.003 1.000 1.006 

Gender*log(time) 1 -0.15632 0.11677 1.7922 0.1807 0.855 0.680 1.075 
Number of HTN 
medications*log(time) 1 0.03578 0.05663 0.3992 0.5275 1.036 0.928 1.158 
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