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Abstract

Objective—Epidemiologically there is a strong relationship between body mass index (BMI) and 

blood pressure (BP) levels. We prospectively examined randomization to first-step chlorthalidone, 

a thiazide-type diuretic; amlodipine, a calcium-channel blocker; and lisinopril, an angiotensin-

converting-enzyme inhibitor, on BP control and cardiovascular outcomes in a hypertensive cohort 

stratified by baseline BMI (normal weight [BMI<25], overweight [BMI=25–29·9], and obese 

[BMI≥30]).

Methods—33,357 hypertensive participants, age ≥55 years were followed for an average of 4·9 

years in a randomized, double-blind, practice-based Antihypertensive and Lipid Lowering 

Treatment to Prevent Heart Attack Trial (ALLHAT), for primary outcome of fatal coronary heart 
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disease (CHD) or nonfatal myocardial infarction and secondary outcomes of stroke, heart failure, 

combined cardiovascular disease, mortality, and renal failure.

Results—Of participants, 37·9% were overweight and 42·1% were obese at randomization. For 

each medication, BP control (<140/90 mmHg) was equivalent in each BMI stratum. At year five, 

66·1%, 66·5%, and 65·1% of normal weight, overweight, and obese participants, respectively, 

were controlled. Those randomized to chlorthalidone had highest BP control (67·2%, 68·3%, and 

68·4%, respectively) and lisinopril the lowest (60·4%, 63·2%, and 59·6%, respectively) in each 

BMI stratum. A significant interaction (p=0·004) suggests a lower CHD risk in the obese for 

lisinopril vs. chlorthalidone (hazard ratio [HR]=0·85, 95% confidence interval [CI]=[0·74–0·98]) 

and a significant interaction (p=0·011) suggests a higher risk of end-stage renal disease for 

amlodipine vs. chlorthalidone in obese participants (HR [95% CI]=1·49[1·06–2·08]). However, 

these results were not consistent among other outcomes.

Conclusions—BMI status does not modify the effects of antihypertensive medications on BP 

control or cardiovascular disease outcomes.
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INTRODUCTION

A positive linear relationship between body mass index (BMI; kg/m2) and blood pressure 

(BP) levels has been demonstrated in many epidemiological studies [1]. Given the current 

high prevalence of overweight and obesity, most hypertension today occurs in people with 

excess weight [2]. The mean BMI of participants in several large scale hypertension 

treatment and prevention trials of the past decade has been 28–31 [3–7] and the frequent 

association between obesity and treatment resistant hypertension is well known [8–10]. It is 

uncertain if overweight and obese individuals have similar responses to antihypertensive 

medications compared to normal weight individuals. There are few recommendations 

regarding which, if any, medications are preferred for the management of hypertension in 

overweight and obese individuals [8, 11, 12].

The Antihypertensive and Lipid Lowering Treatment to Prevent Heart Attack Trial 

(ALLHAT) was the largest hypertension trial ever undertaken. It enrolled 42,418 individuals 

with hypertension and at least one additional risk factor for coronary heart disease (CHD) 

[13–15]. For this study, we stratified participants by baseline BMI as normal weight, 

overweight, and obese to examine BP control, defined as BP at the goal of <140 mmHg 

systolic and <90 mmHg diastolic, and cardiovascular outcomes in each BMI stratum and 

compared the diuretic (chlorthalidone) arm to the two other classes of antihypertensive 

medications used in the trial: a calcium channel blocker (amlodipine) and an ACE inhibitor 

(lisinopril). There were no specific hypotheses as to how these comparisons might differ 

across randomized treatment groups.
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METHODS

ALLHAT participants were hypertensive men and women, aged 55 years and older, with at 

least one additional risk factor for CHD. Of the 42,418 subjects, 33,357 were randomly 

assigned to therapy with chlorthalidone (n=15,255), amlodipine (n=9,048), or lisinopril 

(n=9,054) [16]. A fourth arm of the study, which included 9,061 participants assigned to 

doxazosin, was terminated early [17] and is not considered here. All participants gave 

written informed consent, and all centers obtained institutional review board approval for the 

trial.

Standard body mass index (BMI) measure was used to determine weight stratification. 

Participants with BMI values <25 kg/m2 were categorized as “normal weight;” BMI ≥25 and 

<30 as “overweight;” and those with BMI ≥30 as “obese.” All non-doxazosin participants 

who had baseline BMI data (n=33,252 of 33,357, 99·7%) were included in these analyses 

(Figure 1). The ALLHAT study did not obtain data on waist circumference so measures of 

central obesity could not be included in analyses [18, 19].

Study medications were identically appearing chlorthalidone, amlodipine, or lisinopril 

capsules. BP lowering was achieved by titrating the dose of the blinded study drug and 

adding open label step two (atenolol, clonidine, or reserpine) or step three (hydralazine) 

agents as necessary to obtain a BP goal of <140/90 mm Hg; each BP result was the average 

of two seated measurements taken by trained observers using standardized techniques.

Follow-up visits were conducted at one, three, six, nine, and twelve months and every four 

months thereafter. The primary outcome was a composite of fatal CHD or nonfatal 

myocardial infarction (MI). Pre-specified secondary outcomes included all-cause mortality, 

fatal and nonfatal stroke, combined CHD (primary outcome, coronary revascularization, or 

hospitalized angina), and combined cardiovascular disease (CVD) (combined CHD, stroke, 

treated angina, heart failure [fatal, hospitalized, or treated nonhospitalized], or peripheral 

arterial disease). Each component of combined CVD was also prespecified and examined. 

End-stage renal disease (ESRD) was defined as death due to kidney disease, kidney 

transplantation, or start of long-term renal dialysis as reported by the clinical sites. 

Standardized procedures used for reporting and validating study outcomes have been 

published previously [17]. In addition, all hospitalized heart failure (HF) events were 

centrally adjudicated in a blinded manner [20] and confirmed the results of the ALLHAT 

pre-specified HF endpoint of hospitalized, treated without hospitalization or fatal HF.

Data are summarized as means and standard deviations for continuous variables and number 

of subjects and percentage for categorical variables. Baseline characteristics were compared 

in participants across BMI strata, and BP and laboratory data during follow-up were 

compared in participants across BMI and treatment strata. Glomerular filtration rate (GFR) 

was estimated using the simplified Modification of Diet in Renal Disease (MDRD) Study 

equation [21]. Significance testing was performed using the t-test and chi-square 

contingency table analyses for continuous and categorical covariates, respectively. Outcomes 

were analyzed using an intention-to-treat approach. The Cox proportional hazards model 

was used to determine time-to-event hazard ratios and 95% confidence intervals (CI). 
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Adjusted Cox models included independent variables associated with cardiovascular 

outcomes: age, male gender, black race, diabetes history, and current smoker. Since 

unadjusted analyses of outcomes were similar to the adjusted analyses, only adjusted 

analyses are presented. Heterogeneity of treatment effects on BP control and on the use of 

secondary medications across BMI strata were examined by testing for treatment-BMI 

interaction in logistic models using a p value <0·05. Similarly, treatment-BMI interactions 

for outcomes were examined in Cox models. Given the many subgroup and interaction 

analyses performed, statistical significance at the p<0·05 level should be interpreted with 

caution. All statistical analyses were carried out using STATA version 12·0.

RESULTS

In the cohort, 37·9% were overweight and 42·1% were obese. Baseline characteristics of the 

cohort, categorized by BMI, are shown in Table 1. Compared to normal weight participants, 

obese and overweight participants were younger, less likely to be current smokers, more 

likely to have been on antihypertensive treatment for more than two months prior to entering 

the trial, and less likely to have prevalent atherosclerotic cardiovascular disease and/or LVH 

reported at baseline. They were also more educated and more likely to have diabetes 

mellitus, had higher total and low-density lipoprotein cholesterol and lower high-density 

lipoprotein levels, had higher fasting glucose levels, and had slightly lower systolic BP and 

higher diastolic BP at study entry. Percent of those with BP at goal did not differ across BMI 

strata. Obese patients were more likely to be African American, female, and to have more 

ST-T wave changes on electrocardiogram (ECG) and less likely to have a history of MI/

stroke or a history of CHD than normal weight participants. Overweight individuals were 

more likely to be male and to have a history of CHD.

Systolic and diastolic BP levels at baseline and on follow-up, categorized by BMI, are 

presented in Figure 2. Although there were statistically significant differences due to the 

large sample size, systolic and diastolic BP levels were generally similar in the three BMI 

groups at baseline and on follow-up. At baseline, 26·9%, 26·7%, 27·5%, and at year five, 

66·1%, 66·5%, and 65·1% of the normal weight, overweight, and obese participants, 

respectively, had systolic BP controlled to <140 mmHg and diastolic BP controlled to <90 

mmHg. The BP control percentages were not significantly different from each other among 

the BMI subgroups at either time point.

BP control over follow-up by primary medication (Figures 2–5)

At baseline, the percentage of individuals in each of the three BMI groups with BP <140/90 

mmHg was similar in those assigned to treatment with chlorthalidone, amlodipine, and 

lisinopril. At year one of follow-up, mean systolic BP was similar in the three BMI 

subgroups with the use of chlorthalidone (137·2 mm Hg in normal, 136·4 mm Hg in the 

overweight, and 137·1 mm Hg in the obese). In participants randomized to amlodipine, 

systolic BP was slightly higher in the overweight and obese groups compared to the normal 

weight group (137·1 mm Hg in the normal, 138·2 mm Hg in the overweight, and 139·3 mm 

Hg in the obese). In those treated with lisinopril, there was little difference in systolic BP 

between the three BMI groups (139·9 mm Hg in normal, 139·3 mm Hg in overweight, and 
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140·7 mm Hg in the obese). Diastolic BP was slightly higher in the obese group compare to 

the normal group in all three treatment arms at year one (overall, 78·1 mm Hg in the normal, 

79·0 mm Hg in the overweight, and 80·2 mm Hg in the obese). In all three BMI groups, the 

lowest percent of BP at goal (<140/90 mm Hg) was on lisinopril. Amlodipine and 

chlorthalidone were equivalent for BP at goal in normal weight group (57·4% on 

chlorthalidone and 60·0% on amlodipine had BP at goal) but chlorthalidone was superior in 

the overweight (59·3% on chlorthalidone and 55·6% on amlodipine) and obese groups 

(56·7% on chlorthalidone and 52·6% on amlodipine) at year one (interaction p-value =0·002 

for overweight and 0·001 for obese compared to normal). A similar interaction was detected 

at year two. However, by year five of follow-up there were no statistically significant 

interactions between randomization drug and BMI group. Participants randomized to 

lisinopril had nearly similar percentage of those at BP goal in the three BMI groups (60·4%, 

63·2%, and 59·6%, respectively), and the lowest percent of achieving goal BP compared to 

chlorthalidone or amlodipine in all three BMI groups. Similar BP control differences were 

found when stratifying by race (Supplemental Digital Content 2).

The number of medications needed to get BP to goal in the three BMI groups over the 

follow-up period was also examined (Table 2). Participants who were normal weight 

required fewer medications (mean=1·73) than those who were overweight (mean=1∙88) and 

obese (mean=1·96). Participants assigned to lisinopril in all three BMI groups required a 

greater number of medications (mean=2·01) to control BP than those assigned to amlodipine 

(mean=1·89) or chlorthalidone (mean=1·81). There were significant interaction terms for 

amlodipine×overweight (p=0.04) and for amlodipine×obese (p=0.03) at year one for the 

outcome of whether a participant was on 2+ medications versus none or one medication. 

However, no significant interactions were observed at year five.

Cardiovascular Outcomes

(Table 3; Figures 6–7: Figure, Supplemental Digital Content 1, which shows cumulative 

disease and mortality event rates for normal weight, overweight, and obese subgroups, by 

treatment group)

Amlodipine versus Chlorthalidone—There were no significant differences between 

amlodipine and chlorthalidone treatment in the three BMI groups for the primary study 

outcome of fatal and non-fatal CHD events. There were also no significant differences in all-

cause mortality, combined CHD, combined CVD, and stroke outcomes between the two 

medications in the three BMI groups. With regard to heart failure, there were consistent 

findings in the three BMI groups with amlodipine use being associated with significantly 

higher risk (HRs =1·34, 1·23, and 1·48 for normal, overweight, and obese participants, 

respectively). Only for ESRD was there a difference among BMI groups, with a higher risk 

in the amlodipine group in those who were obese (HRs [95% CI] 0·64 [0·37–1·10], 1·00 

[0·69–1·44], and 1·49 [1·06–2·07] for normal weight, overweight, and obese participants, 

respectively; interaction p-value=0·011).

Lisinopril versus Chlorthalidone—There were no significant differences between 

lisinopril and chlorthalidone for most cardiovascular disease outcomes among BMI groups. 
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There was, however, a lower risk of CHD events in the obese group for lisinopril (HR [95% 

CI] = 0·85 [0·74–0·98], interaction p-value = 0·004) as compared to the normal weight and 

overweight groups (HRs not significantly different from 1). Although significant differences 

were observed overall in both stroke and HF, not stratified by BMI [17], HF was significant 

in only one BMI stratum and we did not detect any significant interactions.

DISCUSSION

There are two main outcomes of interest in this study. First, there were no clinically 

meaningful differences in the percentage of subjects whose BP was at goal across the 

chlorthalidone, amlodipine, or lisinopril treatment groups by BMI class. In normal weight, 

overweight, and obese participants, systolic and diastolic BP values were within ~0·5–1·5 

mmHg of each other for each medication. The second outcome of interest was that there 

were few differences in cardiovascular events for any of the three study medications by BMI 

group. The effect of the medications was the same independent of BMI, suggesting that BMI 

has no bearing on cardiovascular disease outcomes provided that BP is equally treated in the 

BMI groups.

Two prior studies have examined the impact of weight on BP control and cardiovascular 

disease outcomes. The Avoiding Cardiovascular Events through Combination Therapy in 

Patients Living with Systolic Hypertension (ACCOMPLISH) study [6] reported that the 

combination of hydrochlorothiazide (HCTZ) and benazepril was more effective than the 

combination of amlodipine and benazepril in preventing the combined end points of CVD 

death, non-fatal MI, and stroke in participants who were obese or overweight (~85% of the 

cohort) than in those who had normal weight. The study investigators concluded that HCTZ 

was a more effective antihypertensive agent in obese or overweight individuals than in 

normal weight individuals. That conclusion differs from the current findings. This difference 

could be due to two factors. First, ALLHAT used chlorthalidone, which is approximately 

50% stronger and longer acting than HCTZ at similar doses [22]. In addition, the HCTZ 

dose used in ACCOMPLISH (12·5–25 mg/d) is lower than the doses proven to lower CVD 

events in outcome trials (minimum dosing of 25–50 mg/d). Second, the rate of the primary 

outcome in ACCOMPLISH (19·1 per 1000 person-years) as compared to the same type of 

event rate in ALLHAT (29·4 per 1000 person-years) differs, suggesting fundamental 

differences in study populations. For example, in the overall cohort, ALLHAT had 35·6% 

black and 53·2% male, whereas ACCOMPLISH had 11·9% black and 60·7% male. The 

other study to examine weight, hypertension, and CVD outcomes was the Systolic 

Hypertension in Elderly Program (SHEP) [23]. In that study, treatment with chlorthalidone 

compared to placebo was equally effective in reducing mortality and stroke in both 

overweight and normal weight participants, similar to the current findings.

The position paper of the Obesity Society and of the American Society of Hypertension [11] 

states that all classes of BP medication are effective for controlling hypertension in obese 

people. However, ACE inhibitors or angiotensin receptor blockers are selected as first-line 

treatment because they are not associated with metabolic disturbances to which obese 

persons are predisposed. The European Society for Hypertension [8] also recommends ACE 

inhibitors or calcium channel blockers, for similar reasons, for patients with the metabolic 
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syndrome, a pathology generally associated with obesity or overweight. The document also 

stated that diuretics in low dosage and beta blockers with vasodilating properties should be 

considered as additional drugs if needed. The Joint Statement of the Association for the 

Study of Obesity and Hypertension and the European Society of Hypertension [9] underlines 

the frequent presence of resistant hypertension in the obese population that generally require 

more than three drugs to obtain hypertension control. They recommend a “flexible” 

approach for the treatment of hypertension in obese subjects that include the use of diuretics, 

ACE inhibitors, and beta blockers with vasodilating properties. In such cases they 

recommended that ACE inhibitors should be “the first line” in the approach for the treatment 

of hypertension in those patients. Dihydropyridine calcium channel blockers are also 

considered effective in the treatment of obesity related hypertension [24].

Contrary to these recommendations, in our analyses, the ACE-inhibitor lisinopril was 

associated with the lowest percentage of participants with BP at goal of all three medications 

in all three BMI groups. Participants assigned lisinopril were also more likely to require add-

on medications, especially if obese. Further, we extensively evaluated major clinical 

outcomes in ALLHAT participants with metabolic syndrome, both with and without diabetes 

and by race, and showed that none of the comparator drugs was superior to chlorthalidone 

(12.5–25 mg/d) in preventing any CV or renal outcome and that chlorthalidone was superior 

to all in preventing heart failure and stroke (for stroke, compared with doxazosin, and for 

blacks with lisinopril) – in patients both with and without metabolic syndrome [18–20].

Three other study outcomes of our analyses should be noted. First, a statistically significant 

interaction was detected for the treatments lisinopril versus chlorthalidone and BMI for 

outcome CHD. Due to the large number of statistical tests that were conducted in this 

subgroup analysis (for the main outcomes, 13 tests for an interaction and 78 tests within the 

strata were conducted) and the lack of consistent results for BP at goal and other 

cardiovascular outcomes, it is possible that this p-value is statistically significant by chance 

due to the issue of multiple testing. Second, there was a higher risk of ESRD with lisinopril 

and amlodipine as compared to chlorthalidone in the obese subgroup. This result should be 

viewed with caution, given the small number of events. However, the fact that chlorthalidone 

had the highest percentage of BP control may be an important factor as to why renal disease 

was less common with chlorthalidone as compared to the other two medications – though 

our previous analyses did not support a contention that achieved BP levels fully explained 

chlorthalidone’s superiority in preventing heart failure and stroke [25–27]. Third, in the first 

three years of follow-up, obese participants were ~3% less likely to have achieved BP at 

goal compared to normal weight individuals. Only in the last two years of follow-up was BP 

the same as the other two groups. This lag could be explained by clinical inertia in the 

treatment of hypertension in obese people. Of the three BMI groups, participants who were 

obese required the highest number of antihypertensive medications.

This study was based on a randomized, double-blinded, multicenter, practice-based clinical 

trial, conducted in an ethnically and clinically diverse cohort (most of which was overweight 

or obese) and had a nearly 100% capture rate of outcomes. Two caveats should be 

recognized in considering our results. First, since the time that ALLHAT was initiated, it has 

become common practice to prescribe combinations of medication for the treatment of 
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hypertension [28]. Second, ALLHAT did not measure waist circumference, not allowing us 

to derive a measure of central obesity as a determinant of BP control and cardiovascular 

outcomes. The INTERHEART study [29] reported that the waist-hip ratio is a more sensitive 

predictor of CVD outcomes than is BMI. While this is so, BMI remains a widely-used 

measure of body weight that is easily obtained. Finally, our current analysis does not 

examine the “obesity paradox,” that heavier hypertensive people appear to have fewer CVD 

outcomes than normal weight ones. This will be reported separately.

In conclusion, we found that the relative effectiveness of thiazide-like diuretics, calcium 

channel blockers, and ACE inhibitors for treating BP to goal and preventing cardiovascular 

events does not vary by BMI category. Patients who were overweight and obese required 

more medications to control BP than those who were of normal weight, and subjects treated 

with lisinopril in the three BMI groups needed more medications to control blood pressure 

than patients assigned to amlodipine or chlorthalidone.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Randomization and follow-up of ALLHAT participants by BMI group

Abbreviations: A, amlodipine; C, chlorthalidone; L, lisinopril
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Figure 2. 
Box-and-whisker plots of systolic and diastolic blood pressure at baseline and follow-up by 

BMI group. To make the graph more interpretable, the plotted data was Winsorized at the 

upper and lowest 1% of the distribution, where extreme values below or above the 1st and 

99th percentiles were set equal to the 1st and 99th percentiles, respectively
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Figure 3. 
Box-and-whisker plots of systolic blood pressure at baseline and follow-up by BMI and 

treatment group
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Figure 4. 
Box-and-whisker plots of diastolic blood pressure at baseline and follow-up by BMI and 

treatment group
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Figure 5. 
Bar plots of blood pressure control by BMI and treatment group
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Figure 6. 
Hazard ratios for comparisons of amlodipine versus chlorthalidone in normal-weight, 

overweight, and obese participants, adjusted for age, male sex, black race, diabetes history, 

and current smoker
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Figure 7. 
Hazard ratios for comparisons of lisinopril versus chlorthalidone in normal-weight, 

overweight, and obese participants, adjusted for age, male sex, black race, diabetes history, 

and current smoker
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