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Abstract

Objective—To examine the effect of intensive glycemic control on cardiovascular disease events 

(CVD) among the major race/ethnic groups in a post-hoc analysis of the VADT.

Materials and Methods—Participants included 1111 non-Hispanic Whites, 307 Hispanics and 

306 non-Hispanic Blacks randomized to intensive or standard glucose treatment in VADT. 

Multivariable Cox proportional hazards models were constructed to assess the effect of intensive 

glucose treatment on CVD events among race/ethnic groups.

Results—Mean age was 60.4 years and median follow-up was 5.6 years. By design, modifiable 

risk factors were managed equally well in both treatment arms and only differed modestly between 

race/ethnic groups. HbA1c decreased significantly from baseline with intensive glucose treatment 

in each race/ethnic group, with a trend for a greater response in Hispanics (P=0.02 for overall 

comparison between groups). Intensive glucose treatment was associated with reduced risk of 

CVD events for Hispanics but not for others (hazard ratios ranged from 0.54 to 0.75 for Hispanics 

whereas they were consistently close to 1 for others). Sensitivity analyses with different definitions 

of race/ethnicity or limited to individuals free of previous known CVD yielded similar results.

Conclusions—The results of these analyses support the hypothesis that race/ethnicity is worthy 

of consideration when tailoring intensive treatment for individuals with long-standing type 2 

diabetes. However, additional studies are needed to confirm the findings of this post-hoc analysis.
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Introduction

Recent large and well conducted randomized controlled trials demonstrated that intensive 

glycemic control does not reduce cardiovascular disease (CVD) events in people with type 2 

diabetes of moderate to long duration [1–3]. However, subsequent analyses [4–8], together 

with results from an earlier trial conducted in new onset diabetes [9–11], have suggested that 

factors such as pre-existing macrovascular disease, duration of diabetes, level of glycemic 

control and significant comorbidities may influence whether intensive glucose control is 

appropriate for patients with diabetes [1, 5–7, 12–14]. Many of these factors reflect the stage 

of the diabetes and, in particular, the individual’s vascular health. Baseline levels of 

atherosclerosis may therefore be an important determinant of response to tight glucose 

control. In an ancillary study of the Veterans Affairs Diabetes Trial (VADT), we have 

previously reported intensive glycemic control significantly reduced the primary CVD 

endpoints in those with lower burden of atherosclerosis at baseline [4]. In addition, using 

different measures of subclinical atherosclerosis such as vascular calcium scores and carotid 

intima media thickness, we and others have shown Hispanics have lower atherosclerosis 

burden compared with non-Hispanic Whites in both diabetic and non-diabetic populations 

[15–19]. A similar phenomenon has been reported among Native American Indians [20], 

where CVD was reported as extremely rare, until overt diabetes and diabetic nephropathy 

became common in this population [21, 22]

In line with a reduced burden of atherosclerosis in Hispanics, a number of studies have 

reported lower rates of CVD mortality, despite a higher burden of risk factors in Hispanics 

compared with non-Hispanic Whites [23–28], which led to the notion of a “Hispanic 

Paradox”. Consistently, the most recent National Vital Statistics reported that Hispanics have 

the lowest age-adjusted mortality rates compared with non-Hispanic white and non-Hispanic 

black populations [29]. The concept of “Hispanic Paradox” is complex and has become 

controversial, in part because of the recognition that Hispanics are a diverse and 

heterogeneous population, and the idea has been contested in several prospective cohort 

studies [30–32]. Nevertheless, there is greater appreciation that several characteristics such 

as social support, optimism, and strong familial and social ties are common among 

Hispanics, all of which are thought to be stress buffering and may potentially be protective 

among Hispanics despite their higher risk profile [33]. There is also growing recognition for 

the role of gene polymorphisms among different ethnic populations influencing disease 

outcomes and drug response [34, 35]. Particularly relevant support for this concept comes 

from a recent UKPDS study that reported different rates of CVD events and mortality in 

people with new onset diabetes across various race/ethnic groups, in line with the idea that 

race/ethnic specific cardiovascular protective mechanisms may exist [36]. A recent 

comprehensive review of the literature from the science advisory from the American Heart 

Association [33] promotes the need to develop a culturally tailored and targeted approach for 

the goal of CVD risk reduction among Hispanics. However, the data on consequences of 
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CVD risk reduction strategies in different race/ethnic groups, in particular in patient with 

type 2 diabetes, is lacking. Therefore, in this post-hoc analysis of the VADT we sought to 

determine the association between intensive glycemic control and CVD events among major 

race/ethnic groups.

1. Materials and Methods

2.1. Study population

The VADT study design, exclusion/inclusion criteria, and study measures and activities have 

been described in detail [37]; further study information is provided in supplementary 

material on-line. In brief, the VADT included 1791 military veterans at 20 VA medical 

centers with poorly controlled type 2 diabetes who were randomized to receive either 

intensive or standard glucose treatment for a median duration of 5.6 years. The primary 

outcome was the time to the first occurrence of any one of a composite of CVD events 

(myocardial infarction, stroke, death from cardiovascular causes, new or worsening 

congestive heart failure, surgical intervention for cardiac, cerebrovascular, or peripheral 

vascular disease, inoperable coronary artery disease, and amputation for ischemic gangrene) 

adjudicated by an end-point committee that was unaware of treatment assignment. Optimal 

control of blood pressure and dyslipidemia, daily aspirin use, dietary advice, and diabetes 

education were uniformly provided to both treatment arms. Protocol and consent forms were 

approved by the institutional review board at each of the 20 participating sites and all 

patients provided written informed consent. The current analysis included 1724 VADT 

participants whose responses to standard NIH-format questions concerning race and 

ethnicity [38] allowed categorization into one of the 3 major race/ethnic groups: non-

Hispanic White, non-Hispanic Black and Hispanic. We categorized as Hispanic those 

reporting Hispanic ethnicity as long as such individuals did not report Black race. Similarly, 

individuals who reported Black race were categorized as non-Hispanic Blacks as long as 

Hispanic ethnicity was not reported and irrespective of other races that were reported. The 

non-Hispanic White group included those who reported only White race and non-Hispanic 

ethnicity.

2.2. Statistical Analyses

Descriptive statistics, including mean ± SD, median (25th–75th percentiles), and frequencies 

were calculated for all variables. Between group differences were evaluated with analyses of 

variance or unpaired t-tests for normally distributed variables, with Kruskal-Wallis analysis 

of variance and Mann-Whitney U test for variables with skewed distributions, and with chi 

square tests for proportions. To determine whether longitudinal responses to treatment (i.e. 

HemoglobinA1c (HbA1c) changes during the study) differed among race/ethnic groups, a 

linear mixed effects model was used (details provided in Supplementary Material). 

Statistical significance was recognized for two-sided P values < 0.05.

Cox proportional hazards risk analysis was used to determine associations between 

treatment assignment and CVD events independent of other risk factors. As our study aim 

was to assess treatment effects within different race/ethnic groups, and recognizing that 

smaller sample sizes in Hispanic and Black groups provided limited power to detect 
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modifications of the overall treatment effect by race/ethnic groups, we performed 

exploratory subgroup analyses. We then assessed whether the results were consistent by 

performing sensitivity analyses with a series of Cox proportional hazards models within 

strata defined by different definitions of race/ethnic group. Sensitivity analyses included: 1) 

categorizing all participants into Hispanics vs. non-Hispanics regardless of race, 2) 

excluding individuals of mixed race from the three race/ethnic groups, 3) excluding 

individuals of mixed race and with prior CVD.

To identify the “best” subset of predictors for CVD events within each race/ethnic stratum, 

we performed forward stepwise variable selection. Treatment assignment as the primary 

variable of interest was forced into all models. Other variables submitted to the stepwise 

forward selection procedure were age, duration of diabetes, history of CVD, history of 

hypertension, pack-years of smoking, education level, employment status and HbA1c at 

baseline as well as time-dependent values for diastolic and systolic blood pressure, body 

mass index (BMI), and total cholesterol-to-high density lipoprotein (HDL) ratio. Selection 

criteria required a P-value <0.05 for a variable to enter and be retained in models. The 

stepwise analysis indicated the best predictors of CVD events differed somewhat among 

race/ethnic groups (Supplementary Table 1). In a series of Cox proportional hazards models, 

we included different combinations of significant predictors identified from the stepwise 

variable selection models. The number of CVD events within Hispanic and non-Hispanic 

Black categories did not allow including more than six predictors (treatment assignment and 

five other independent variables) in the Cox proportional hazards models, to avoid 

overfitting the models. We therefore combined several variables (systolic and diastolic blood 

pressure into mean arterial blood pressure; total cholesterol and HDL into their ratio). 

However, models containing more than six predictors yielded similar results.

3. Results

The 3 major race/ethnic groups consisted of 1111 non-Hispanic Whites, 307 Hispanics and 

306 Non-Hispanic Blacks. Of the 307 Hispanics, 291 also identified themselves as Whites, 

11 as American Indian/Alaskan Natives, 3 as Asians, and 2 as Native Hawaiian/Pacific 

Islanders. The Non-Hispanic Blacks included 299 individuals who identified themselves as 

Black only, 6 as Black and American Indian/Alaska Native, and 1 as Black and White. To 

avoid overlap between the major race/ethnic categories a total of 67 (3%) of VADT 

participants (24 Hispanic Blacks, 13 non-Hispanic Asians, 26 Non-Hispanic American 

Indians/or Alaska Natives, and 4 non-Hispanic Native Hawaiians or other Pacific Islanders), 

were excluded from the main analyses.

As shown in Table 1, within each race/ethnic group, baseline variables were generally 

similar for both treatment arms. Exceptions were a slightly longer mean(±SD) duration of 

diabetes in Hispanics in the intensive arm compared with the standard arm (13±9 vs. 11±7 

years, P=0.04) and among non-Hispanic Blacks, a higher prevalence of ever smoking (76% 

vs. 65%, P=0.03), greater mean (±SD) pack-years of smoking (21±27 vs. 13±17, P=0.01), 

but a lower prevalence of insulin use (47% vs. 62%, P=0.01) for those in the intensive arm 

compared with the standard arm. With both treatment groups combined, the three race/ethnic 

groups differed in age, prevalence of diabetes, HbA1c levels, BMI, blood pressure, lipid 
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profile, pack years of smoking, and baseline medication use. Hispanics and non-Hispanic 

blacks also had lower prevalence of prior CVD.

Most cardiovascular risk factors improved in each race/ethnic group in both treatment arms 

(Supplementary Table 2). The exceptions was BMI, which increased in the intensive arm in 

all race/ethnic groups (P <0.05), and tended to increase most in Hispanics (P=0.08 for 

overall comparisons between race/ethnic groups in intensive arm). Mean HbA1c levels 

decreased in both treatment arms, stabilized at 6 months, and the pre-specified goal of an 

absolute between-treatment arm difference of 1.5% points (16.4 mmol/mol) was achieved 

for all race/ethnic groups (Supplementary Figure 1). Although the absolute between-

treatment arm differences in HbA1c were similar in each race/ethnic group throughout the 

study, at the end of the study the average HbA1c decline tended to be more pronounced 

among Hispanics in the intensive treatment arm (−2.2±1.9% in Hispanics, 2.0±1.9 % in non-

Hispanic Blacks, and −1.7±1.7% in non-Hispanic Whites, P=0.02 for overall comparisons 

between race/ethnic groups). Despite the improvement in HbA1c and in other modifiable 

CVD risk factors in all race/ethnic groups, the baseline differences persisted at the end of the 

study among race/ethnic groups; Non-Hispanic Whites had the lowest HbA1c levels 

throughout the study (P=0.01 for heterogeneity for HbA1c levels over time between race/

ethnic groups), and non-Hispanic Blacks had a better lipid profile, but the highest blood 

pressure compared to others in both treatment arms (Supplementary Table 2).

Consistent with a low baseline prevalence of prior CVD, Hispanics as a whole (combining 

both treatment groups) continued to have the lowest rates of new CVD events (20%) during 

the study, with relatively similar rates in non-Hispanic Blacks (22%) and notably higher 

rates in non-Hispanic Whites (32%). Of note, the type of new CVD events was comparable 

between race/ethnic groups (Supplementary Table 3). Moreover, in a univariate Cox 

proportional hazards model with both treatment arms pooled, both Hispanics and non-

Hispanic Blacks were at significantly lower risk for future CVD events. Compared with non-

Hispanic Whites as reference group (hazard ratio=1), HR (95% confidence interval) was 

0.54 (0.41–0.71) in Hispanics, and 0.65 (0.50–0.84) in non-Hispanic Blacks respectively. Of 

note, this pattern persisted even in the subset of participants without known baseline CVD.

Despite an overall reduced rate of future CVD events in both non-Hispanic Blacks and 

Hispanics compared with non-Hispanic Whites, intensive glucose control appeared to be 

associated with a lower risk of CVD events only in Hispanics. As shown in Figure 1 (Model 

1), the unadjusted HR (95% CI) for the effect of intensive glucose treatment in Hispanics 

was 0.75 (0.45–1.25), whereas it was 0.94 (0.58–1.51) in non-Hispanic Blacks, and 0.91 

(0.74–1.12) in non-Hispanic Whites, respectively. Notably, the HR for intensive glucose 

treatment in Hispanics remained consistently and clearly below 1 after adjustment for 

combinations of the many relevant CVD risk factors, identified from stepwise variable 

selection models (shown in Supplementary Table 1), whereas it was close to 1 in other race/

ethnic groups (Models 2–6). Although confidence intervals for the treatment estimate in 

Hispanics were relatively wide in the unadjusted (Model 1) and baseline risk factor adjusted 

model (Model 2), including time-varying on-trial variables such as BMI, total cholesterol-to-

HDL ratio, and mean arterial blood pressure (Models 3–6) further reduced the variation in 

treatment estimates for Hispanics. To explore if the effect of intensive glucose control on 
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incident CVD in Hispanics was explained by better glucose control during the study, we 

compared a model including baseline HbA1c (Model 6) with an otherwise similar model 

including on-trial HbA1c instead of the baseline HbA1c value. However, this latter model 

only modestly increased the HR for incident CVD with intensive glucose control from 0.59 

(0.36–1.01, in Model 6) to 0.64 (0.35–1.17) in Hispanics. This relatively small change in HR 

is not altogether surprising as on-trial HbA1c was only weakly associated with CVD in the 

same model (1.06, 0.89–1.28).

Importantly, the consistency of these results was supported in several sensitivity analyses. 

For example, categorizing all VADT participants into Hispanics vs. non-Hispanics regardless 

of race, provided a HR for intensive glucose control after adjustment for age, prior CVD and 

on-trial variables (BMI, mean arterial pressure and cholesterol-to-HDL ratio) that was 0.58 

(0.34–0.98) in Hispanics and 0.94 (0.77–1.15) in non-Hispanics, respectively. Furthermore, 

excluding individuals of mixed race from the race/ethnic groups or excluding both mixed 

races and those with prior CVD did not appreciably change the point estimates for intensive 

treatment (Supplementary Table 4).

Discussion

The results of these analyses support the hypothesis that Hispanics may have an “enhanced 

cardiovascular response” to glucose lowering therapy. Although this was a post-hoc 

examination of race/ethnic subgroups, there was remarkable consistency in the findings. 

Intensive glycemic control was associated with 25%–45% lower risk of CVD events in 

Hispanics across multiple models containing different predictor variables and in several 

sensitivity analyses that tested different racial/ethnic definitions and/or excluded individuals 

with known CVD.

Although there were a few differences in baseline or on trial CVD risk factors between the 

race/ethnic groups, the differences did not account for the reduced risk of CVD events with 

intensive glucose treatment in Hispanics. Non-Hispanic Whites had notably higher CVD 

history and pack-years of smoking.at baseline. However, after adjusting for these baseline 

differences or excluding participants with known baseline CVD, the subset of individuals 

most aggressively treated with risk modifying medications (e.g., statins, aspirin and anti-

hypertensive medications), the results did not change. Of note, the use of non-diabetes 

medications to improve CVD risk factor profiles increased similarly in both treatment arms 

during the study [3]. Importantly, as these analyses focused on comparing the response 

between treatment groups, the only significant baseline difference between treatment groups 

in Hispanics was a longer duration of diabetes in the intensive arm. However, this would be 

expected to attenuate the association between treatment intensity and CVD events. 

Nevertheless, adjustment for duration of diabetes did not change the results. By design, 

modifiable non-glycemic risk factors, such as lipids and blood pressure, improved during the 

study in participants from both treatment arms. Importantly, adjustment for these on-trial 

risk factors in different multivariable models strengthened the association between intensive 

treatment and CVD outcomes, and contributed to supplementary benefit of intensive 

treatment in Hispanics [3].
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The results of this study were similar to a secondary finding of the recently published Look 

AHEAD study, which tested the effects of lifestyle intervention for weight loss on CVD 

events in overweight or obese adults with type 2 diabetes. Despite achieving sustained 

improvements in glycated hemoglobin levels and several other risk factors throughout the 

study [39] in the intensive lifestyle treated group, there was no evidence for reduced CVD 

events in the entire study population. However, although no interactions between 

intervention and pre-specified subgroups were significant in the Look AHEAD study; those 

data suggest that the event rates for the primary outcomes were lower in the intervention 

group compared with the control group in two subgroups, i.e. those participants with no 

history of CVD at baseline and among Hispanics.

The explanation for the apparent “enhanced cardiovascular response” of Hispanics to 

glucose lowering or weight loss therapy is unknown. It is possible that a lower burden of 

subclinical atherosclerosis in Hispanics contributed to reduced CVD outcomes in the 

intensive arm. Studies by several groups, including ours, have reported that Hispanics have 

reduced subclinical atherosclerosis when carefully measured by several different imaging 

modalities [15–19]. Of particular note, in an ancillary study of the VADT, intensive glycemic 

control significantly reduced the primary CVD endpoints in those with low CAC scores at 

baseline, but not in those with high scores [4]. In line with the current study, the absence of 

CVD at baseline was also associated with reduced CVD outcomes in the intensive therapy 

group in ACCORD trial [1] and with lifestyle intervention in the Look AHEAD study [39]. 

One may speculate that a lower atherosclerosis burden could also account for the greater 

effectiveness of glucose and risk factor improvement on CVD outcomes resulting from 

lifestyle intervention in Hispanics in the Look AHEAD study. This is consistent with the 

growing recognition that glucose lowering interventions may be most effective for CVD 

prevention when started earlier in the course of diabetes [4, 5, 9]. Although further work will 

be needed to clarify potential mechanism(s) accounting for the apparent enhanced 

cardiovascular response to glucose lowering therapy in Hispanics, behavioral or genetic 

predispositions may modify vascular responses that alter the development of atherosclerosis 

[33–35].

Although our data do not directly address whether Hispanics have reduced CVD mortality 

compared with other race/ethnic groups, they do appear consistent with the notion of a 

“Hispanic Paradox”. First, Hispanics had a lower prevalence of CVD events at baseline 

despite having CVD risk profiles at study entry similar to non-Hispanics. Secondly, 

compared with non-Hispanic Whites, Hispanics as a group had a lower overall incidence of 

CVD events during the study, although on-study CVD risk profiles were similarly well 

controlled in both groups. Finally, in response to similar intensification of glucose control in 

Hispanics and non-Hispanics (using identical methods and medications), intensified 

treatment was associated with a trend for substantially greater CVD benefit in Hispanics.

An important advantage of our study was that comprehensive health care was available and 

provided to all veteran participants without regard to race/ethnicity. Moreover, general 

diabetes care and CVD risk factor management was provided similarly to all participants 

according to established study algorithms. Thus, in contrast to prior studies, our finding of 

apparent differences in CVD health outcomes according to race/ethnicity were much less 
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likely to be confounded by factors such as differences in access to healthcare, or the type of 

healthcare, or differences in socioeconomic status that mediated differences in access to 

care. Several other features of the study support the validity of the study findings. The 

VADT was a randomized controlled long-term trial with careful monitoring and adjudication 

of the results, thus differential reporting of CVD and mortality rates, a concern among some 

prior studies of health outcomes among different ethnic groups [30–32], did not occur. As all 

participants had type 2 diabetes, the commonly noted race/ethnic differences in prevalence 

of diabetes [30, 31] and their potential effects on subsequent CVD outcomes did not 

influence the results. Furthermore, by design, a substantial HbA1c separation was achieved 

between treatment arms in all race/ethnic groups using specific treatment algorithms, so that 

difference in insulin or other diabetes medication use [30] and cultural barriers to the 

successful glycemic control in Hispanics [40] were not a concern in VADT. A noteworthy 

finding in our study was that despite a higher burden of hyperglycemia (higher HbA1c) at 

baseline among Hispanics compared with non-Hispanic Whites, there was a trend for a 

greater response (reduction in HbA1c compared with baseline) in Hispanics in the intensive 

arm. These data point out that while receiving similar access to healthcare and diabetes 

guidance, Hispanics not only respond well to glucose lowering efforts, but may also gain 

additional benefit with respect to its consequences on CVD. This is both a tribute to the 

conduct of the VADT and a potential lesson for all diabetes care-givers.

However, some limitations of this study deserve attention. Participants in the VADT were 

older, predominantly male veterans with longstanding type 2 diabetes, thus the findings in 

this study may not apply to younger female diabetes patients. Race/ethnicity was only 

assessed by self-report and some misclassification of race/ethnic groups may have occurred. 

Importantly, the VADT did not pre-specify an assessment of modification of the treatment 

effect by race/ethnicity and these results are a post hoc subgroup analysis. The sample size 

for non-Hispanic Blacks and Hispanics was substantially smaller than non-Hispanic Whites, 

and this presumably hampers identifying a significant interaction between treatment effect 

and the three race/ethnic categories, however, we cannot rule out the possibility of chance or 

residual confounding in this relationship. For these reasons, the findings of this study should 

be viewed in the context of hypothesis-generation, and hopefully will stimulate further 

examination of this issue. However, this post-hoc analysis provided an excellent opportunity 

to examine the association between intensive glucose control and CVD events among major 

race/ethnic groups independent of differences in access to care, ascertainment of CVD 

events, presence or absence of diabetes and insulin use and patient compliance.

In summary, intensive glucose control appears to be associated with reduced CVD events in 

Hispanics, but not in non-Hispanics. The apparent benefit was remarkably consistent in all 

analyses, using different classifications of race/ethnic groups, different predictor variables 

and excluding individuals with prior CVD. Importantly, the apparent favorable association 

between intensive treatment and CVD event rate in Hispanics was only partly explained by 

on-trial HbA1c. These findings underscore the importance of future investigation of 

responses to intensive glycemic control in various race/ethnic groups. This will require 

additional randomized trials (and re-examinations of prior trials) with sufficient power to 

detect modification of effects of intensive glycemic control by race/ethnicity.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Hazard ratios and 95% confidence intervals from Cox proportional hazards models 

evaluating the association between treatment intensity and incidence of primary outcomes by 

race/ethnic categories.

Model 1 Unadjusted model. Number of events/participants and P-value for intensive treatment: Hispanics, 60/307, 
P=0.27; non-Hispanic Blacks (NHB), 68/306, P=0.78; non-Hispanic white (NHW), 354/111, P=0.38

Model 2 Adjusted for age, prior cardiovascular disease (CVD), history of hypertension, duration of diabetes and 
pack-years of smoking. Hispanics, 59/292, P= 0.15; NHB, 67/302, P=0.89; NHW, 344/1086, P=0.60

Model 3 Adjusted for age, prior CVD, and on-trial values for body mass index (BMI) and total cholesterol-to-HDL 
ratio and mean arterial pressure. Hispanics, 59/296, P= 0.02; NHB, 62/285, P=0.66; NHW, 317/1035, 
P=0.69

Model 4 Adjusted for age, prior CVD, history of hypertension, on-trial total BMI and cholesterol-to-HDL ratio. 
Hispanics, 59/294, P= 0.03; NHB, 62/285, P=0.69; NHW, 316/1034, P=0.82
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Model 5 Adjusted for age, prior CVD, history of hypertension, on-trial values for and total cholesterol-to-HDL ratio 
and mean arterial pressure. Hispanics, 59/294, P= 0.04; NHB, 62/285, P=0.99; NHW, 316/1034, P=0.67

Model 6 Adjusted for age, prior CVD, history of hypertension, baseline HbA1c and on-trial total cholesterol-to-HDL 
ratio. Hispanics, 59/294, P= 0.05; NHB, 62/285; P=0.83; NHW, 316/1034 P=0.85
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