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Abstract

Background—Data on changes in metabolic syndrome (MetS) status in HIV-infected adults on 

antiretroviral therapy (ART) are limited.

Method—MetS was assessed at ART initiation and every 48 weeks on ART in ART-naïve HIV-

infected individuals from the AIDS Clinical Trials Group Longitudinal Linked Randomized Trials 

(ALLRT) cohort. MetS, defined using the ATP-III criteria, required at least three of: elevated 

fasting glucose, hypertension, elevated waist circumference, elevated triglycerides, low HDL 

cholesterol. Prevalence of MetS and the individual criteria were compared between ART initiation 

and during follow-up using McNemar’s test.

Results—At ART initiation, 450 (20%) ALLRT participants had MetS. After 96 weeks of ART, 

37% of the 411 with MetS at ART initiation and with available data at this time-point did not meet 

the MetS criteria. Among these participants, there was a dramatic decline in the proportion with 

low HDL (95% versus 26%, p<0.0001). Among the 63% that continued to meet MetS criteria at 

week 96, the proportion with ≥4 criteria was higher at week 96 compared to ART initiation (48% 

versus 40%, p=0.03); at week 96, the proportion with high triglycerides was greater (87% versus 

69%, p<0.0001) as was the proportion with high glucose (59% versus 42%, p<0.0001).

Conclusion—One in five ART-naïve subjects met criteria for MetS at ART initiation. While 

more than half of these individuals continued to have MetS after 96 weeks of ART, 37% with 
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MetS at ART initiation no longer met criteria for MetS; this decrease was driven largely by 

increases in HDL cholesterol.

Introduction

Metabolic syndrome (MetS) is a cluster of central obesity and metabolic abnormalities that 

confers an increased risk of cardiovascular disease (CVD) and type 2 diabetes 1. The 

diagnosis of MetS requires the presence of at least three of the following conditions: 

elevated fasting glucose, hypertension, elevated waist circumference, elevated triglycerides, 

and low HDL cholesterol. The age-adjusted prevalence of MetS in the general adult U.S. 

population is 34.3% 2.

The development of antiretroviral therapy (ART) for treatment of HIV infection has led to 

fewer AIDS-related complications and better prognosis for HIV-infected patients. However, 

HIV-infected patients are now experiencing more non-AIDS conditions such as heart 

disease and diabetes 3. A number of metabolic and morphological changes have also been 

reported in these individuals; these changes have been attributed to specific ART, the HIV 

virus and lifestyle factors 4,5, and directly impact the criteria that define MetS.

We recently published an analysis of MetS prevalence, incidence and associated factors in 

the AIDS Clinical Trials Group (ACTG) Longitudinal Linked Randomized Trials (ALLRT), 

a large US cohort of HIV-infected individuals starting initial ART regimens 6. In our cohort, 

the prevalence of MetS at ART initiation was 20%. Similar prevalence estimates have been 

reported from other populations of HIV-infected adolescents and adults. However, none of 

the previous reports describing MetS in HIV have examined the progression of MetS on 

long term ART. The objective of this analysis was to examine the change in prevalence of 

MetS after ART among HIV-infected individuals with MetS at ART initiation.

Methods

Study population

ALLRT is a prospective cohort of >5000 HIV-infected participants (age ≥13 years) 

randomized to receive ART regimens, immune-based therapies or treatment strategies in 

selected ACTG clinical trials 7. ACTG sites that enrolled participants to ALLRT received 

approval by their designated institutional review boards to conduct ALLRT, and all ALLRT 

participants provided written informed consent.

The source population included 2,554 individuals who enrolled in ALLRT from three 

ACTG parent trials (A5095, A5142 and A5202) 8–10; all these individuals were ART-naïve 

when they enrolled in their parent trial and were randomized to initiate therapy with 

different ART regimens. The ART regimens used in these trials included either: 1) three 

nucleoside reverse transcriptase inhibitors (NRTIs), 2) two/three NRTIs with a non-

nucleoside reverse transcriptase inhibitor (NNRTI) or a boosted-protease inhibitor (PI), or 3) 

an NNRTI with a boosted PI.

The baseline visit was the parent trial entry visit (at ART initiation). When individuals were 

enrolled in the parent trial, visits were scheduled according to the parent trial protocol. 
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When the parent trial ended, data collection continued according to the ALLRT protocol. 

Data were recorded by the study site staff using standard ACTG forms. ACTG sites that 

enrolled participants to ALLRT received approval by their designated institutional review 

boards to conduct this study, and all ALLRT participants provided written informed consent. 

For this analysis, we only included individuals who had MetS (defined below) at ART 

initiation.

Definition of metabolic syndrome (MetS)

Based on the Adult Treatment Panel III (ATPIII) criteria 1, MetS was defined as the 

presence of three or more of the following components: 1) waist circumference >88 cm in 

women or >102 cm in men; 2) blood pressure ≥130 mm Hg systolic or ≥85 mm Hg diastolic 

or use of antihypertensive medications; 3) triglycerides ≥150 mg/dL or use of lipid-lowering 

medications (niacin, fenofibrate, and gemfibrozil); 4) fasting blood glucose ≥100 mg/dL, 

physician diagnosed diabetes or use of diabetic medications; 5) high density lipoprotein 

cholesterol (HDL) <50 mg/dL in women or <40 mg/dL in men.

According to the ALLRT protocol, blood pressure readings, fasting lipid panel and glucose 

were assessed every 16 weeks, and waist circumference was measured every 48 weeks. For 

800 individuals, the first available waist circumference measurement was within 16 weeks 

after baseline due to the timing of their ALLRT entry visit; for these individuals, the waist 

circumference at week 16 was considered as baseline.

At ART initiation, individuals with three or more MetS components were defined as cases of 

MetS, (even if they were missing data on other components). Those without MetS at ART 

initiation were categorized as one of the following: 1) those with two components and no 

missing data; 2) those with one component and missing data on ≤1 component, and; 3) those 

with no components and missing data on ≤2 components. At ART initiation, individuals 

with missing data on one or more of the MetS components, and who could not be classified 

as having or not having MetS, were excluded from the study population. Using the methods 

described above, MetS was also assessed every 48 weeks for 240 weeks (approximately 5 

years) after ART initiation among subjects with MetS at baseline.

Analysis

Data from the ALLRT cohort through June 30, 2011 was used for this analysis. Prevalence 

of MetS was calculated as the number of cases divided by the total evaluable population 

(individuals that could be classified as having MetS or not having MetS, as described in 

Methods). Prevalence of MetS and the individual criteria were compared between baseline 

and at follow-up using the McNemar’s test. We also evaluated associations using chi-square 

tests as well as logistic regression (univariate and adjusted) between demographic and HIV-

associated factors at ART initiation and MetS status during follow-up at week 96 and week 

240. Covariates examined included age (years), sex, race/ethnicity, years of education, 

history of cigarette smoking, body mass index (BMI, kg/m2), family history of CVD, HIV-1 

RNA viral load (copies/mL), CD4+ T-cell count (cells/mm3) and type of ART regimen 

(categorized as stavudine (d4t) or zidovudine (AZT) use, tenofovir (TDF) or abacavir (ABC) 
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use, no NRTI use; lopinavir/ritonavir (LPV/r) use, atazanavir/ritonavir (ATV/r) use, no PI 

use). All analyses were performed using SAS version 9.2 (SAS Institute Inc, Cary, NC).

Results

Study population

At ART initiation (baseline), 450 (20%) of the 2247 ALLRT participants had MetS; 307 

(12%) participants were excluded because of insufficient data to classify MetS. Table 1 

shows the proportion of individuals with follow-up data, the proportion of individuals with 

evaluable data for MetS, and the MetS status after 48, 96, 144, 192 and 240 weeks of ART. 

After 96 weeks of ART, 411 (91%) were still in follow-up. Among these 411 individuals, 

91% had evaluable data, and 63% of those with evaluable data continued to meet the criteria 

for MetS. At each subsequent time-point from week 96 to week 240, the proportion of 

contributing individuals with MetS remained between 50% and 60%.

Since the proportion with complete data was less than 90% after week 96, the main analysis 

and results below are presented on week 96. However, we also repeated each analysis at 

week 240; results were similar at both time points.

Number of MetS criteria at ART initiation and during follow-up

Among the 450 cases of MetS at ART initiation, 70%, 24% and 6% had 3, 4 and 5 MetS 

criteria, respectively. Among those with MetS during follow-up, the proportion with ≥4 

criteria increased (Table 2). Among those with MetS at week 96 (N=239), the proportion 

with ≥4 criteria was higher at week 96 versus at ART initiation (48% versus 40%, 

McNemar’s test p=0.03). Among those without MetS at week 96, more than 50% had ≤1 

MetS criteria. Similarly, among those with MetS at week 240, the proportion with ≥4 criteria 

was higher at week 240 versus at ART initiation.

We examined the distribution of the various combinations of MetS criteria among the 

individuals with MetS at ART initiation and during follow-up. At ART initiation, the most 

common combination among the cases included high blood pressure, high triglycerides and 

low HDL (18%), followed by the combination of high waist circumference, high 

triglycerides and low HDL (16%). At week 96, the most common combination included all 

five criteria (12%); the second most common combination included all criteria except high 

blood glucose (11%).

Status of MetS criteria during follow-up among those who did not continue to exhibit MetS

We compared the proportion of each criterion among those without MetS during follow-up 

(Figure 1a). Among the 139 cases with MetS at ART initiation but not at week 96, the 

proportion of all the MetS criteria decreased. The largest decrease was the proportion of 

those with low HDL (96% at ART initiation and 26% at week 96); the median (interquartile 

(IQR)) for change in HDL in this group was 12 mg/dl (5, 18) (Table 3). Similarly, 

proportions of those with each MetS criteria were lower at week 240 than at ART initiation 

(data not shown).
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Status of MetS criteria during follow-up among those who continued to exhibit MetS

We compared the proportion of each MetS criterion among those with MetS at ART 

initiation and during follow-up. Figure 1b shows the proportions at ART initiation and week 

96. The proportion of those with high triglycerides was greater at week 96 compared to ART 

initiation (87% versus 69%, McNemar’s test p<0.0001); median (IQR) for change in 

triglycerides at week 96 was 47 mg/dl (−12, 131) (Table 3). Similarly, the proportion of 

those with high glucose was greater at week 96 than at ART initiation (59% versus 42%, 

McNemar’s test p<0.0001). In contrast, the proportion of those with low HDL was higher at 

ART initiation than week 96 (93% versus 72%, McNemar’s test p<0.0001); median (IQR) 

for change in HDL at week 96 was 6 mg/dl (2, 11). The proportion of those with large waist 

circumference and those with high blood pressure was similar at ART initiation and week 96 

(p=0.4 and p=0.6, respectively).

When we compared proportions at ART initiation with week 240, similar results were 

obtained; the proportion of those with high triglycerides and those with high glucose were 

higher at week 240 compared to ART initiation; proportions of those with low HDL were 

lower, and the proportions with high blood pressure and those with high waist circumference 

were similar at week 240 compared to ART initiation (data not shown).

Factors associated with MetS during follow-up

Table 4 shows demographic and HIV-associated characteristics for the 450 individuals who 

had MetS at ART initiation; 55% were >40 years of age, 73% were male and 47% were 

white, non-Hispanic.

BMI increased by a median of 0.8 kg/m2 (Q1, Q3: −1.0, 2.8) from ART initiation to week 

96 among everyone who had MetS at initiation. The increase in BMI (median increase 1.2 

kg/m2 vs 0.3 kg/m2, p=0.003) and the proportion of obese (BMI ≥30) individuals (54% 

versus 24%, p<0.0001, Table 4) was higher among the 239 cases with MetS at ART 

initiation and week 96 compared to the 172 cases with MetS only at ART initiation. In 

addition to BMI, waist circumference was higher at ART initiation and at week 96 among 

those with MetS at both time points compared to those with MetS only at ART initiation 

(both p-values<0.0001, Table 3).

The proportion of those on a PI-based regimen was 43% among those who had MetS at both 

time-points and 35% among those who only had MetS at ART initiation (Table 4); however 

this difference was not statistically significant (p=0.1). Among those who had MetS at both 

time-points, 17% were on LPV/r containing regimen and 26% were on an ATV/r containing 

regimen; among those with MetS only at ART initiation, 14% were on a LPV/r containing 

regimen and 21% were on an ATV/r containing regimen. We then examined if individual 

components of MetS changed in those receiving LPV/r versus ATV/r; the proportion of high 

triglycerides was 60% (ART initiation) and 76% (week 96) among those receiving LPV/r 

compared to 63% (ART initiation) and 66% (week 96) among those receiving ATV/r; the 

proportion of those with low HDL was 92% (ART initiation) and 45% (week 96) among 

those receiving LPV/r compared to 93% (ART initiation) and 66% (week 96) in those 

receiving ATV/r.
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There was no difference in MetS status by type of NRTI-based regimen: among those with 

MetS at both time-points, 20% were on a d4T/AZT-containing regimen and 71% were on an 

ABC/TDF-containing regimen, while among those with MetS only at ART initiation, 24% 

and 72% were on a d4T/AZT- and ABC/TDF-containing regimen, respectively. The 

distribution of all other baseline characteristics was similar among those with MetS and 

those without MetS at week 96 (Table 4).

In univariate analysis, pre-ART CD4 count, pre-ART viral load and initial ARV regimen 

were not significantly associated with MetS status at week 96; however being obese pre-

ART was associated with having MetS at week 96 (odd ratio=5.0, 95% CI=2.8 to 9.0). This 

association persisted (odds ratio=5.3, 95% CI=2.9 to 9.6) even after adjusting for traditional 

risk factors such as age, sex, race and smoking. We then examined change in BMI at week 

96 by MetS status among those who were obese pre-ART; the median BMI change was 0.4 

kg/m2 (Q1, Q3=−1.5, 3.1) and = −1.7 kg/m2 (−3.3, −0.1) among those with and those 

without MetS at week 96, respectively.

We compared the proportions of MetS criteria at ART initiation and week 96 by BMI 

categories at ART initiation (Figure 2a–2c). The proportions with large waist circumference, 

high triglycerides and high glucose were higher at week 96 among the obese group 

compared to those with a normal BMI. Among those who were obese pre-ART, 71% had 

high triglycerides at week 96 compared to 49% among those with normal BMI (p=0.001). 

The proportion of those with high blood glucose at week 96 was 49% and 29% in the pre-

ART obese and normal BMI groups, respectively (p=0.004).

Discussion

In a cohort of ART-naïve HIV-infected adults where one in five had MetS at ART initiation, 

we found that 37% of those with MetS no longer met criteria for the syndrome after 96 

weeks of ART – this decline was largely driven by a decrease in the proportion of those with 

low HDL. Among this group, improvements in all MetS criteria were seen at week 96 

including in waist circumference with the proportion meeting this criterion dropping by 

more than half. To our knowledge, no other study has reported on the MetS status during 

follow-up on ART of HIV-infected individuals with the syndrome at ART initiation.

Low HDL has been associated with untreated HIV infection 11 and both NNRTI and PI 

therapy can increase HDL levels 12. A recent report on lipid profiles in HIV-infected 

patients also showed increases in HDL after three years of therapy 13. In our study, there 

were no significant differences in MetS status by type of regimen, although improvements in 

HDL varied by BMI category. Among those with normal BMI at ART initiation, the 

proportion with low HDL was reduced by half after 96 weeks (100% versus 53%). In 

contrast, among those who were obese at ART initiation, the decline in the proportion with 

low HDL was not as dramatic (90% to 59%). Low HDL is often reported in obesity and is 

believed to be caused by an increased fractional clearance of HDL and a reduced production 

of the cardioprotective apolipoprotein A-1 14,15. These observations are important in light of 

the current obesity epidemic seen in HIV-infected subjects worldwide, including in 

resource-limited settings 16–18.
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In the individuals who continued to exhibit MetS, the number of MetS criteria increased 

during 96 weeks of ART, indicating an increase in metabolic abnormalities. This finding 

was also supported by the concomitant increases in high triglycerides and blood glucose. 

Overall the group with persistent MetS at week 96 was a group that either had no 

improvement or did worse on all five MetS criteria.

Elevated triglycerides and increased blood glucose have been frequently associated with 

ART, specifically with PI-containing regimens 12. In our recent report on incident MetS, we 

found that use of a PI-based regimen was associated with a higher risk for development of 

MetS 6. In the current analysis, it appeared that there was a higher proportion of those on a 

PI-based regimen in the group that continued to exhibit MetS, however this difference was 

not statistically significant. There was no difference in MetS status by specific PI (lopinavir/

ritonavir or atazanavir/ritonavir). Although ATV/r is considered to be more “metabolically 

friendly” than LPV/r19, both medications increase triglycerides (although the magnitude of 

the change is smaller with ATV/r), whereas HDL tends to increase to a lesser extent with 

ATV/r, such that those receiving ATV/r were more likely to still have low HDL at 96 

weeks.

Previously, we have reported that high BMI is a risk factor for developing MetS in our HIV-

infected cohort on ART 6. Results from the present study show that pre-ART BMI was 

associated with MetS status even after 96 weeks of ART; the proportion of obese individuals 

was higher in those who continued to exhibit MetS compared to those who did not. Further, 

we found that triglycerides and blood pressure were more likely to improve among those in 

the normal BMI group, while they were more likely to increase in the obese group. Other 

studies in both HIV-infected and the general population have also shown that triglycerides 

and blood pressure are elevated among overweight and obese persons20–22. These 

observations that obesity predisposes to the maintenance or development of metabolic 

abnormalities in HIV-infected patients initiating ART suggest that obesity may be a factor to 

consider before choosing an ART regimen. Our findings on the worsening metabolic levels 

in obese HIV-infected persons suggest that this group should be closely monitored by 

clinicians. Future studies should also evaluate if lifestyle changes including diet and exercise 

as well as other weight loss strategies that are effective in the general population can also be 

used for obese HIV-infected patients starting ART. In a previous trial, nutritional 

intervention diet based on NCEP ATP III guidelines was effective in reducing the incidence 

of lipid abnormalities in HIV-infected patients starting ART 23. Our data showing that in 

pre-ART obesity BMI decreased in those without MetS at week 96 but did not change in 

those with MetS at week 96 suggest that in the obese category, a small reduction in weight 

can lead to metabolic benefits.

Abdominal obesity, measured using waist circumference and waist-hip ratio, increases the 

risk of CVD and type 2 diabetes24 and is correlated with insulin resistance24. Waist 

circumference positively correlated with inflammatory markers such as IL-6, sTNFR-I and 

sTNFR-225, which have been associated with an increased risk of non-AIDS events in HIV-

infected populations26. In our study, abdominal obesity measured using waist circumference 

was lower among those without MetS at week 96 compared to those with MetS. The role of 
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abdominal obesity in the pathophysiology of MetS needs to be further studied in order to 

understand if it predicts MetS along with being part of the diagnostic criteria for MetS.

In the present study, the majority of individuals were categorized with MetS at ART 

initiation based on the combination of hypertension, hypertriglyceridemia and low HDL. 

This is similar to what was observed among individuals with incident MetS in our cohort 6. 

After 96 weeks of ART, the most common combination among those who continued to 

exhibit Mets was all five criteria indicating that those with MetS appear to be getting worse. 

A similar conclusion can be reached by examining the individual components of MetS. 

Overall, the most common metabolic abnormality at ART initiation was low HDL followed 

by high triglycerides and high blood pressure. At week 96 among those with continued 

MetS, the most common metabolic abnormalities were low HDL, high triglycerides and 

high blood pressure; however the proportions with large waist circumference and those with 

high blood glucose were also high at week 96. The worsening metabolic profile of those 

with continued MetS in our cohort may lead to increased disease burden.

A primary strength of our study is the unique cohort of HIV-infected individuals who were 

treatment naïve at entry, randomized to treatment regimens in clinical trials, and rigorously 

monitored and followed long-term after completion of the original clinical trial. This 

prospectively followed cohort had scheduled visits during their parent trial and during 

follow-up in ALLRT which ensured that all components of MetS were collected using 

standardized methods at regular intervals, and blood was drawn in a fasting state. An 

important limitation of our study is that we did not have follow-up data on all participants. 

After 240 weeks, only half of the original participants had follow-up data; this was either 

because they were lost to follow-up or because they had not yet reached 240 weeks after 

ART initiation. We also did not have data on alcohol use, exercise, or nutrition/caloric 

intake, all of which have been shown to be associated with MetS in other studies, and could 

have affected the MetS status of our study participants during follow-up. And finally, our 

study population did not include participants who initiated ART with newer drugs such as 

integrase inhibitors with less adverse metabolic effects27. Future studies should evaluate if 

the prevalence of MetS during follow-up on ART is different for these newer regimens.

In summary, we found that 37% of HIV-infected ART-naïve individuals with MetS at ART 

initiation no longer have MetS by 96 weeks of therapy. A large proportion of these 

individuals had improvements in their metabolic profiles, particularly HDL, as well as waist 

circumference. The clinical relevance of this decrease in MetS and if it leads to a lower risk 

of CVD and diabetes needs to be evaluated in future studies28,29. On the other hand, almost 

two thirds of HIV-infected ARV-naïve individuals with MetS at ART initiation continued to 

exhibit MetS after ART initiation, and may be at greater risk for further metabolic disease 

complications. BMI seems to play an important role and individuals with high BMI at ART 

initiation were less likely to improve their MetS status and, therefore, may be at heightened 

risk for CVD.
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Figure 1. 
Figure 1a. Distribution (%) of MetS criteria at week 0 and 96 among 139 subjects who had 

MetS only at ART initiation.

Note: all McNemar’s p-values comparing proportions at ART initiation to week 96 <0.0001

Figure 1b. Distribution (%) of MetS criteria at week 0 and 96 among 239 subjects who had 

MetS at both time-points.

Note: McNemar’s p-values comparing proportions at ART initiation to week 96 for 

triglycerides, glucose and HDL <0.0001; p-values for waist circumference and blood 

pressure>0.1
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Figure 2. 
Figure 2a. Distribution (%) of MetS criteria at week 0 and 96 among 79 subjects with 

baseline BMI <25

Figure 2b. Distribution (%) of MetS criteria at week 0 and 96 among 136 subjects with 

baseline BMI 25–29

Figure 2c. Distribution (%) of MetS criteria at week 0 and 96 among 162 subjects with 

baseline BMI 30+
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Table 3

Levels (median (IQR)) of MetS criteria by MetS status at week 96.

MetS at ART 
initiation (N=450)

Follow-up at week 96 (N=378)

MetS at ART initiation and week 
96 (N=239)

MetS at ART initiation and no MetS 
at week 96 (N=139)

Waist circumference (cm)

 ART initiation 101 (91, 109) 104 (96, 112)* 93 (85, 104)*

 Week 96 101 (93, 110) 106 (98, 114)* 93 (86, 100)*

 Change at week 96 1.5 (−3, 6) 2 (−3, 8) † 0 (−5, 4) †

Systolic blood pressure (mm Hg)

 ART initiation 130 (120, 139) 131 (120, 141) † 128 (120, 136) †

 Week 96 127 (118, 138) 130 (120, 140)* 122 (113, 130)*

 Change at week 96 −1 (−11, 7) −1 (−10, 8) † −3 (−12, 4) †

Diastolic blood pressure (mm Hg)

 ART initiation 82 (75, 90) 83 (76, 90) † 81 (74, 88) †

 Week 96 80 (74, 86) 80 (75, 87)‡ 78 (72, 81) ‡

 Change at week 96 −3 (−9, 4) −2 (−9, 5) ‡ −5 (−9, 2) ‡

HDL cholesterol (mg/dl)

 ART initiation 32 (27, 37) 32 (27, 37) † 34 (29, 38) †

 Week 96 39 (33, 48) 37 (31, 44)* 45 (40, 54)*

 Change at week 96 8 (2, 13) 6 (2, 11)* 12 (5, 18)*

Fasting glucose (mg/dl)

 ART initiation 92 (83, 104) 93 (84, 107) † 89 (80, 103) †

 Week 96 97 (88, 108) 102 (92, 114)* 90 (83, 95)*

 Change at week 96 5 (−5, 14) 6 (−3, 17) † 1.5 (−8, 10) †

Fasting triglycerides (mg/dl)

 ART initiation 180 (126, 235) 184 (131, 237) † 175 (125, 227) †

 Week 96 199 (135, 285) 223 (171, 301)* 135 (98, 201)*

 Change at week 96 19 (−39, 93) 47 (−12, 131)* −21 (−89 30)*

Comparison between patients with MetS at ART initiation and week 96 and patients with MetS at ART initiation and no MetS at week 96:

*
p-value<0.0001;

†
p<0.05;

‡
p>0.05
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Table 4

Baseline (pre-ART) characteristics of HIV-infected ART-naive individuals with MetS at ART initiation.

MetS at ART 
initiation (N=450)

Follow-up at week 96 (N=378)

MetS at ART initiation 
and week 96 (N=239)

MetS at ART initiation 
and no Mets at week 96 

(N=139)

Chi-square p-value

Age (years)

 ≤30 57 (12) 26 (11) 19 (14) 0.8

 31–40 144 (33) 76 (32) 43 (31)

 41–50 166 (36) 91 (38) 53 (38)

 >50 83 (19) 46 (19) 24 (17)

Male sex 330 (73) 174 (73) 103 (74) 0.8

Race/ethnicity

 white non-Hispanic 212 (47) 118 (49) 64 (46) 0.4

 black non-Hispanic 120 (27) 57 (24) 44 (32)

 Hispanic 108 (24) 59 (25) 29 (21)

 other 10 (2) 5 (2) 2 (1)

Education (years)

 <12 73 (19) 44 (18) 29 (21) 0.5

 12 90 (24) 61 (26) 29 (21)

 13–15 129 (34) 84 (35) 45 (32)

 >=16 86 (23) 50 (21) 36 (26)

Family History of CVD 109 (24) 58 (24) 26 (19) 0.2

Smoking history 265 (59) 130 (54) 90 (65) 0.05

Body mass index (kg/m2)

 Median (Q1, Q3) 29.3 (25.6, 32.8) 31.7 (28.1, 35.7) 27.2 (24.2, 29.9)

 <25 92 (21) 34 (14) 45 (32) <0.0001

 25–29 163 (36) 75 (31) 61 (44)

 ≥30 194 (43) 129 (54) 33 (24)

CD4+ T-cell count (cells/mm3)

 ≤50 78 (17) 34 (14) 24 (17) 0.7

 51–200 112 (25) 67 (28) 34 (25)

 201–350 147 (33) 79 (33) 47 (34)

 351–500 74 (16) 43 (18) 21 (15)

 >500 39 (9) 16 (4) 13 (9)

HIV-1 RNA (copies/mL)

 <10,000 55 (12) 29 (12) 20 (14) 0.3

 10,000–100,000 259 (58) 142 (59) 72 (52)

 >100,000 136 (29) 68 (28) 47 (34)

Parent triala
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MetS at ART 
initiation (N=450)

Follow-up at week 96 (N=378)

MetS at ART initiation 
and week 96 (N=239)

MetS at ART initiation 
and no Mets at week 96 

(N=139)

Chi-square p-value

 A5095 120 (27) 56 (23) 46 (33) 0.1

 A5142 105 (23) 62 (26) 33 (24)

 A5202 225 (50) 121 (51) 60 (43)

Initial NRTI regimen

 d4t or AZT 92 (20) 48 (20) 33 (24) 0.2

 TDF or ABC 328 (73) 170 (71) 100 (72)

 No NRTI 29 (7) 21 (9) 6 (4)

Initial PI regimen

 LPV/r 65 (14) 40 (17) 20 (14) 0.3

 ATV/r 115 (26) 63 (26) 29 (21)

 No PI 270 (60) 136 (57) 90 (65)

Data are number (%) unless indicated. MetS, metabolic syndrome; ART, antiretroviral therapy; CVD, cardiovascular disease; NRTI, nucleoside 
reverse transcriptase inhibitor; d4T:stavudine; AZT: zidovudine; TDF: tenofovir; ABC:abacavir; PI, protease inhibitor; LPV/r: lopinavir/ritonavir; 
ATV/r:atazanavir/ritonavir.

One subject missing data on baseline BMI; One subject missing data for family history of CVD.

a
A5095 enrollment period: 2001–2002; A5142 enrollment period: 2003–2004; A5202 enrollment period: 2005–2007.
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