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Abstract

Background—Data on associations between abdominal fat depot mass and subclinical 

atherosclerosis are limited, especially in women with HIV.

Methods—We assessed cross-sectional associations of dual X-ray absorptiometry scan-derived 

estimates of visceral adipose tissue (VAT) and abdominal subcutaneous adipose tissue (SAT) with 

3 measures of subclinical carotid artery atherosclerosis-- carotid artery stiffness (Young’s modulus 

of elasticity), presence of carotid artery lesions, and carotid artery intima-media thickness 

(cIMT)-- in a subsample of participants in the Women’s Interagency HIV Study. Statistical models 

adjusted for demographic variables, HIV serostatus, behavioral variables, and cardiovascular risk 

factors.

Results—There were 244 women with and 99 without HIV infection (median age 42, 62% 

black). VAT mass (but not SAT) was associated with greater carotid artery stiffness in a fully 

adjusted linear regression model, including adjustment for SAT (β = 11.3 log 103 N*M−2 per kg 

VAT, 95% confidence interval [1.0, 21.7]). Greater SAT mass was associated with lower odds of 

having a carotid artery lesion in a fully adjusted model, including adjustment for VAT (adjusted 
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odds ratio, 0.49 per kg of SAT [0.25, 0.94]). Neither VAT nor SAT was associated with cIMT. The 

VAT/SAT ratio was not statistically associated with any of the outcomes after covariate 

adjustment.

Conclusions—In our cross-sectional study of women, the majority of whom had HIV, greater 

VAT mass was associated with increased carotid artery stiffness whereas greater SAT mass was 

associated with a reduced odds of prevalent carotid artery lesions.
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Introduction

Excess visceral adiposity has been associated with cardiometabolic abnormalities in the 

general population, often independently of the quantity of total or subcutaneous fat1–3. 

Increased visceral adipose tissue (VAT) is associated with greater risk of diabetes mellitus, 

coronary heart disease, and death4–6. In contrast, greater abdominal subcutaneous adipose 

tissue (SAT) may be cardioprotective, especially in those with excess VAT 7. Data from the 

Framingham Heart Study suggest that the relative proportions of VAT and SAT, as assessed 

by VAT/SAT ratio, correlate more strongly with cardiometabolic risk than does VAT alone8.

In people living with HIV, greater VAT is associated with higher Framingham risk scores9 

and increased all-cause mortality10. Few studies of subclinical atherosclerosis, however, 

have used radiographic techniques to accurately measure abdominal fat depots11, and there 

is specifically a dearth of data among women with HIV, who may be at disproportionally 

higher risk of cardiovascular disease relative to HIV seronegative controls 12.

Quantification of VAT and SAT has traditionally been by single slice computed tomography 

(CT) or magnetic resonance imaging (MRI), but these modalities are limited by radiation 

exposure and high cost, respectively. Using standard methodologies, dual X-ray 

absorptiometry (DXA) scanning can quantify central versus limb fat but cannot distinguish 

VAT from SAT. Recent advances in DXA software, however, have enabled this methodology 

to estimate VAT and SAT depot size13. The lower cost and radiation exposure from DXA 

scanning consequently make it an attractive modality to quantify VAT and SAT. We used 

DXA-derived estimates of abdominal fat depots to test the hypothesis that VAT is 

independently associated with greater subclinical atherosclerosis assessed by carotid artery 

ultrasound in women with and without HIV in the Women’s Interagency HIV Study 

(WIHS). We also examined associations of both SAT and VAT/SAT ratio with subclinical 

atherosclerosis.

Methods

The WIHS is a prospective cohort study of primarily minority women with HIV and 

demographically similar women initially enrolled at six urban sites in the United States14,15. 

Participants were recruited initially in 1994–95 (n=2,623) and subsequently in 2001–02 

(n=1,143). Detailed demographic, clinical, and behavioral information is collected at each 
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semi-annual study visit. All participants were invited to participate in a Cardiovascular 

Substudy in which carotid artery ultrasound was performed between 2004 and 200516. 

Women from the Bronx, Chicago, and San Francisco sites were also invited to participate in 

a Metabolic Substudy if they met specific entry criteria, including weight < 119.7 kg, height 

< 1.85 m, and no recent use of corticosteroids, exogenous hormones, or drugs for 

osteoporosis17. Participants in the Metabolic Substudy had DXA scans done between 2003 

and 200517. The 244 women with HIV and 99 HIV seronegative women with available data 

from both substudies constituted the study sample for the present analyses.

Informed consent was obtained from all participants and human experimentation guidelines 

of the U.S. Department of Health and Human Services and those of the authors’ institutions 

were followed in the conduct of this research.

Outcome of Interest: Subclinical Atherosclerosis

High resolution B-mode carotid artery ultrasound imaged six locations in the right carotid 

artery: the near and far walls of the common carotid artery (CCA), carotid bifurcation, and 

internal carotid artery as previously described18. All study sites followed a standardized 

protocol16 and the ultrasounds were read at a centralized reading center (University of 

Southern California). Carotid artery intima-media thickness (cIMT) was measured in the 

right distal common carotid artery by automated computerized edge detection software as 

previously described19. We defined a lesion (plaque) as an area with localized intima-media 

thickness (IMT) >1.5 mm in at least one of the six carotid artery locations20.

Brachial artery blood pressure was measured contemporaneously with the carotid 

ultrasound, and the average of five blood pressure measurements was used to calculate pulse 

pressure (PP). To assess arterial stiffness, Young’s elastic modulus (in units of 

105*Newtons*meters−2) was calculated as previously described19 using the formula: PP/DD 

× 0.5 × DD/cIMTD, where PP = pulse pressure, DD = percent arterial dilation over the 

cardiac cycle, DD = arterial diameter at diastole, and cIMTD = common carotid artery 

intima-media thickness at diastole. A higher value of Young’s modulus corresponds to a 

stiffer blood vessel.

Exposures of Interest: DXA-Derived Adipose Tissue Depots

DXA scans for assessments of regional fat mass were performed using GE/Lunar Prodigy 

machines (Madison, WI, USA)17. The validated CoreScan™ algorithm estimated VAT and 

SAT size based on detection of the width of the SAT layer on the lateral abdomen and the 

anterior-posterior thickness of the abdomen obtained by DXA13;21. These parameters were 

used to estimate android SAT, which was subtracted from total android fat to yield the 

estimate of VAT. The DXA scans were read at a central location (Image Reading Center, 

Inc., New York, NY).

Covariates

Self-reported race and ethnicity were categorized as: White (including Hispanic and non-

Hispanic), Black (including Hispanic and non-Hispanic) and Other (predominantly women 

who self-identified as Hispanic but not White or Black). Diabetes mellitus was defined 
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based on: 1) self-reported use of diabetes medication, or 2) self-report of diabetes, fasting 

glucose > 126 mg/dL or hemoglobin A1c ≥ 6.5% and confirmation by subsequent report of 

diabetes medication or laboratory parameter22. Hypertension diagnosis was based on self-

report, systolic blood pressure ≥ 140 mmHg, diastolic blood pressure ≥ 90 mmHg, or current 

receipt of antihypertensive medication. Menopausal status was defined as self-reported 

amenorrhea at two consecutive visits (12 months or more) for women aged ≥ 45 years old. 

Alcohol intake was categorized based on the average number of drinks reported per week 

during the preceding 6 months: Light use (1–3 drinks/week), moderate use (4–7 drinks/

week) and heavy use (>7 drinks/week). Combination antiretroviral therapy (cART) was 

defined as any highly active antiretroviral therapy regimen in contemporaneous Department 

of Health and Human Services antiretroviral guidelines.23

Total body fat was calculated based on height, weight, resistance, and reactance, the latter 

two of which were measured by bioelectrical impedance analysis (RJL Systems, Inc, 

Detroit, MI, USA)24.

Plasma HIV-1 RNA level (viral load) was assayed by isothermal nucleic acid sequence 

based amplification method (NASBA/Nuclisens, bioMerieaux, San Diego CA) with a 

detection limit of 80 copies/ml, and CD4 T-cell counts were measured by standard flow 

cytometry methods. Hepatitis C virus (HCV) infection was assessed by testing for antibody 

to HCV by second or third-generation EIA (Ortho-Diagnostic Systems, Rochester, NY) with 

confirmation of reactive tests by HCV branched DNA (Quantiplex 2.0 branched chain DNA-

enhanced label amplification assay; Chiron, Emeryville, CA) or by RT-PCR (COBAS 

Amplicor HCV Detection Kit; Roche Diagnostic Systems, Pleasanton, CA). A central 

laboratory measured total and HDL-cholesterol levels as well as high sensitivity C-reactive 

protein (hsCRP) levels, the latter by nephelometric immunoassay. Estimated glomerular 

filtration rate (eGFR) was calculated with the Chronic Kidney Disease Epidemiology 

Collaboration (CKD-EPI) equation using serum creatinine25.

Statistical Analysis

Data were analyzed descriptively using plots, histograms, means, medians, standard 

deviations, skewness and kurtosis to identify erroneous values, outliers and optimal 

transformations. Values of hsCRP > 10 μg/ml were excluded as likely being due to acute 

illness rather than a marker of chronic inflammation, and the mean of two hsCRP values was 

taken when available. Due to right skewness, Young’s modulus of elasticity was natural 

logarithm transformed. Medians and first and third quartiles (Q1, Q3) summarize continuous 

variables. Differences between women with and without HIV infection were assessed by the 

Wilcoxon rank-sum test or chi-squared test as appropriate.

Spearman’s correlation evaluated associations between VAT and SAT and cardiometabolic 

risk factors. Linear regression evaluated associations of VAT, SAT, and the VAT/SAT ratio 

with both cIMT and Young’s modulus. Linear regression results are expressed as the beta-

coefficient, which represents the absolute change in outcome per unit change in covariate, 

with 95% confidence intervals. Logistic regression evaluated associations with presence of 

carotid artery lesions, dichotomized as 0 or ≥ 1 lesion. Logistic regression results are 

expressed as odds ratios with 95% confidence intervals.
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We assessed VAT and SAT in separate models, in models that included both VAT and SAT, 

and as the VAT/SAT ratio. We present unadjusted models (model 1) and models serially 

adjusted for demographic characteristics first (model 2) and then also behavioral 

characteristics, HIV and HCV infection status, and cardiometabolic risk factors (model 3). 

Our primary analysis combined women with and without HIV infection and included HIV 

serostatus as a covariate. We performed secondary analyses for the cIMT and Young’s 

modulus of elasticity outcomes stratified by HIV serostatus; however, the small number of 

women with carotid lesions precluded stratified analyses for this outcome. Data from 

stratified analyses are shown for models in which the 95% confidence intervals for the beta 

coefficients for the VAT and SAT exposure variables do not overlap comparing HIV 

seropositive with HIV seronegative women, indicative of an interaction.

Statistical analysis was performed using SAS version 9.4 software (SAS Institute Inc. Cary, 

NC, USA). Statistical significance was considered to be P ≤ 0.05.

Results

Baseline Characteristics

Our study sample consisted of 244 women with HIV and 99 seronegative women. The 

carotid artery ultrasound was performed a median of 134 days after the DXA scan in women 

with HIV (Interquartile range [IQR]: 269 days before, 224 days after) and 187 days after the 

scan for HIV-seronegative women (IQR 342 days before, 232 days after). Table 1 

summarizes baseline characteristics of the study sample. Compared to the HIV seronegative 

group, those with HIV were older, more likely to report being post-menopausal and to report 

injecting drugs in the past and had a higher prevalence of HCV infection. They were also 

more likely to report using anti-hypertensive therapy and had both lower total and HDL 

cholesterol values. Among the women with HIV, 63% were taking combination 

antiretroviral therapy (cART); median HIV-1 RNA level was 2.76 [1.90, 3.77] log10 

copies/ml and 93 (38.1%) had HIV-1 RNA levels < 80 copies/ml. Their median current and 

nadir CD4 counts were 386 [255, 601] and 242 [132, 350] cells/mm3, respectively. Women 

with HIV had lower median body mass index and SAT mass but similar VAT mass compared 

to the HIV seronegative women. Consequently, the VAT/SAT ratio was higher in the HIV-

infected group.

On carotid ultrasound, cIMT was similar by HIV status, as was the prevalence of carotid 

artery lesions, which was 11% in both groups. Young’s modulus of elasticity was higher in 

women with HIV, indicative of less elasticity (5.35 [3.99, 7.12] versus 4.50 [3.56, 6.05] × 

105*N*m−2, P = 0.028).

Correlations Among Body Composition Measurements, Carotid Artery Parameters, and 
Cardiometabolic Risk Factors

Table 2 summarizes Spearman correlations among VAT, SAT, cardiometabolic risk factors, 

and carotid artery parameters by HIV serostatus. Age was positively correlated with VAT but 

not SAT in both groups of women. Both VAT and SAT were positively correlated with 

systolic blood pressure in both groups. Whereas neither VAT nor SAT was statistically 
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correlated with total cholesterol in either group, HDL-cholesterol was inversely correlated 

with VAT in both women with HIV (r = −0.26, p < 0.001) and HIV-seronegative women (r = 

−0.49, p < 0.001). HDL-cholesterol, however, was inversely statistically correlated with SAT 

in the HIV-seronegative group only (r = −0.32, p < 0.001 versus r = −0.09, p = 0.08 in those 

with HIV). VAT was correlated with SAT in both groups of women (r = 0.57, p < 0.001 in 

those with HIV and r = 0.77, p < 0.001 in HIV-seronegative, respectively). The correlation 

between VAT and total body fat, the latter assessed by bioelectrical impedance analysis, 

tended to be stronger in the HIV seronegative group, whereas the correlation between SAT 

and total body fat was similar in each group.

Among women with HIV, the correlations between VAT, SAT, cardiometabolic risk factors 

and carotid artery ultrasound parameters were similar in those with and without detectable 

HIV viremia (data not shown), with the exception of the correlations between VAT and SAT 

as follows. The correlation between VAT and SAT was stronger among the subset with 

undetectable viral loads (r = 0.71, p < 0.001 versus r = 0.28, p < 0.01 for those with 

detectable HIV viral loads) and approximated that of the HIV-seronegative group (r = 0.77).

There was no statistically significant correlation between cIMT and VAT or SAT in either 

group of women. There were positive correlations between SAT and Young’s modulus of 

elasticity in both groups (r = 0.16, p < 0.05 in women with HIV and 0.28, p < 0.01 in women 

without HIV, respectively), whereas VAT was statistically correlated with Young’s modulus 

only in the HIV-infected group (r = 0.22, p < 0.001). hsCRP was correlated more strongly 

with both VAT and SAT among women without HIV (r = 0.69 and 0.61, respectively) 

compared with women with HIV (r = 0.28 and 0.22, respectively). While correlations with 

hsCRP were all highly statistically significant (P < 0.001), the 95% CIs of the correlation 

coefficients comparing the two groups of women did not overlap.

Adjusted Associations of Abdominal Fat Measures with Carotid Artery Stiffness

Figure 1 shows associations between body composition measures and subclinical 

atherosclerosis as defined by carotid arterial stiffness, carotid artery lesions, and cIMT. 

Separate models examined SAT alone, VAT alone, both SAT and VAT, and the VAT/SAT 

ratio as the main exposure variables.

In separate models, SAT and VAT were each positively associated with carotid arterial 

stiffness as assessed by Young’s modulus; these associations persisted in fully adjusted 

models (Figure 1A). The beta coefficient for VAT was 2–3 times higher on a per kg basis for 

VAT compared with SAT in these models, albeit women had approximately one-third the 

amount of VAT relative to SAT. When adjusted for each other in a third model, VAT, but not 

SAT, remained statistically associated with Young’s modulus. The VAT/SAT ratio was 

statistically associated with Young’s modulus but only in the unadjusted model.

In models stratified by HIV serostatus, the 95% CIs around the beta coefficients for VAT, 

SAT, and VAT/SAT overlapped in all models (data not shown).
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Adjusted Associations of Abdominal Fat Measures with Carotid Artery Lesions

In fully adjusted analyses with the outcome defined as having at least one carotid artery 

lesion (versus having no lesions), greater SAT mass was statistically associated with a lower 

odds of having a carotid artery lesion (Figure 1B) (adjusted OR 0.47 per kg of SAT, 95% CI 

[0.26, 0.83]; p = 0.01). VAT alone was not associated with carotid artery lesions in any 

model. Furthermore SAT, when adjusted for VAT, remained statistically associated with 

lower odds of carotid artery lesions in the otherwise unadjusted model (OR 0.54 per kg of 

SAT, 95% CI [0.34, 0.86]; p = 0.01) and fully adjusted model (OR 0.49 per kg of SAT, 95% 

CI [0.25,0.94]; p = 0.03). In contrast, higher VAT/SAT ratio was associated with increased 

odds of having carotid artery lesions but in the unadjusted model only.

Adjusted Associations of Abdominal Fat Measures with cIMT

When considered as the only body composition parameter in separate regression models, 

neither SAT nor VAT was statistically associated with cIMT in unadjusted or adjusted 

models (Figure 1C). When both SAT and VAT were included in the same unadjusted model 

(i.e. only adjusted for each other), greater SAT remained significantly associated with lower 

cIMT, whereas greater VAT was no longer associated with higher cIMT. These associations 

were also no longer statistically significant after adjustment for demographic factors and 

study site (model 2). Adjustment for age alone also attenuated these associations such that 

they were no longer statistically significant (data not shown). Similarly, the VAT/SAT ratio 

was associated with cIMT but only in the unadjusted model.

In analyses stratified by HIV serostatus, in only one of the adjusted models did the 95% CIs 

of the effect estimates for abdominal fat exposure variables not overlap comparing HIV 

seropositive and seronegative women. In the model assessing cIMT that contained both SAT 

and VAT as exposures, the values for SAT did not overlap and were 18.4 [0.52, 36.2] and 

−33.2 [−62.3, −4.2] for HIV seropositive and seronegative, respectively whereas those for 

VAT overlapped (−13.3 [−48.9, 22.2] and 68.0 [0.55, 135.5], respectively).

Discussion

Using DXA-derived estimates of abdominal fat, we found some independent associations of 

VAT and SAT mass with carotid artery markers of subclinical atherosclerosis in this cross-

sectional study of a demographically diverse cohort of women with and without HIV. In 

fully adjusted analyses, greater VAT tended to remain associated with greater arterial 

stiffness, whereas higher SAT tended to remain associated with less plaque. On the other 

hand, VAT/SAT ratio was, on the whole, uninformative despite being predictive of 

cardiovascular risk in other studies of the general population8;26;27 The potential protective 

effect of greater SAT is consistent with data from the general population, including studies 

of people with diabetes and survivors of acute lymphocytic leukemia 28–31. While the 

mechanisms by which SAT may protect against atherosclerosis are not known, accumulation 

of SAT may represent healthier expansion of nonpathogenic or less pathogenic adipocytes 

relative to adipocytes in VAT, the latter which generally secrete more proinflammatory 

cytokines and are less lipolytic 7.
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We evaluated carotid artery elasticity, cIMT, and the presence of carotid artery 

atherosclerotic lesions as measures of subclinical atherosclerosis. Both cIMT and carotid 

arterial elasticity are well established markers of atherosclerosis in various anatomic sites 

and predict cardiovascular risk in the general population 32–34. The presence of carotid 

artery plaque is also predictive of future cardiovascular events in the general population35;36. 

Data are limited, however, on the value of carotid artery assessments in the prediction of 

cardiovascular events in HIV-infected populations. In a recent analysis of data on 209 people 

living with HIV from a multi-institutional registry in Boston, investigators found that the 

presence of plaque in the carotid artery by computed tomography was associated with a 3-

fold increased risk of cardiovascular disease events and a 4-fold increased risk of stroke 37.

To our knowledge, this is the first study to evaluate DXA-derived SAT and VAT estimates in 

a study that included people with HIV. We found the expected positive correlations between 

VAT and age, as well as cardiometabolic parameters, including systolic blood pressure and 

HDL-C. Furthermore, we found the expected positive correlations between VAT and SAT, 

which were stronger among women without HIV. Of note, the correlation coefficients for the 

associations between VAT and SAT were similar when comparing women with HIV who 

had undetectable viral loads and HIV-seronegative women.

We found disparate associations of VAT and SAT with the three different parameters of 

carotid artery structure and function assessed by B mode ultrasound. Reduced carotid artery 

elasticity is thought to be an early manifestation of atherosclerosis, and the relationships of 

elasticity with both intima-media thickness and atheromatous plaque are complex38. This 

cross-sectional study was premised on the assumption that subclinical arterial disease was 

more likely a result, rather than a cause, of increased adiposity. Longitudinal data are 

needed, however, to confirm and clarify the associations found here between VAT mass and 

reduced elasticity and the protective association between SAT mass and the development of 

carotid artery lesions.

To maximize statistical power, our primary analyses pooled HIV seropositive and 

seronegative women. We constructed secondary analyses stratified by HIV serostatus for the 

cIMT and carotid artery elasticity outcomes. In the stratified models of Young’s modulus of 

elasticity, the 95% CIs of the effect estimates for SAT and VAT overlapped, suggesting that 

HIV serostatus did not modify the associations between abdominal fat and elasticity. In the 

pooled study population, neither SAT nor VAT was statistically associated with cIMT when 

both SAT and VAT were included in the same analytic model. In the analogous fully 

adjusted stratified models, however, SAT was positively associated with cIMT among HIV 

seropositive women but was negatively associated with cIMT among seronegative women. 

In contrast, in models that contained SAT and VAT together, while VAT was not statistically 

significantly associated with cIMT among seropositive women, it was positively associated 

with cIMT among the seronegative women. The 95% CIs for VAT in these latter models did 

overlap, however, indicating that the coefficients did not differ statistically. Although it is 

possible that associations between SAT, VAT, and cIMT truly differ by HIV serostatus due to 

effects of HIV itself or its therapy, our results may be spurious and either due to type 1 error 

from multiple comparisons or type 2 error related to smaller sample sizes in the subgroups.
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Some investigators have examined associations between fat distribution and carotid 

ultrasound or cardiac CT-measured subclinical atherosclerosis in persons living with HIV. 

Most studies, however, have lacked imaging to define fat distribution and instead are limited 

by reliance on subjective, clinical characterization of abdominal fat accumulation and/or 

lipoatrophy39,40,41. In a study that used abdominal CT to quantify abdominal fat depots in 

199 HIV-infected subjects, VAT but not SAT correlated positively with cIMT, but the 

association did not persist after adjustment for age42. Guaraldi et al performed a median of 

two coronary artery calcium (CAC) assessments a median of 13 months apart on 132 HIV-

infected men at a cardiometabolic clinic in Italy and found that VAT volume by single slice 

CT imaging was positively associated with CAC progression as a dichotomous outcome43. 

Lastly, in a cross-sectional analysis of men from the Multicenter AIDS Cohort Study who 

underwent cardiac CT scanning with coronary angiography and single slice CT scanning of 

the abdomen, Palella et al demonstrated that among men with HIV, greater VAT was 

associated with the presence of non-calcified coronary artery plaque after adjustment for 

traditional CVD risk factors, whereas SAT was inversely associated with the extent of plaque 

and CAC score11. Taken together, while these results are somewhat discrepant in the setting 

of differences in both methodologies and study populations, there is a suggestion that greater 

VAT and less SAT may be associated with subclinical atherosclerosis in individuals with 

HIV infection. Of note, existing studies consisted mostly, if not exclusively, of men. Our 

data corroborate the potential presence of these signals in a population of women, most of 

whom have HIV.

Our study has several strengths, including the focus on a racially and ethnically diverse 

group of HIV positive and HIV negative women with similar behavioral characteristics and 

standardized carotid ultrasound and DXA assessment with central reading. Study limitations 

include the cross-sectional design and the modest sample size particularly of HIV-

seronegative women. Furthermore, we did not validate the estimates of VAT and SAT by 

comparing them to those derived by a different imaging modality, such as CT or MRI. The 

low prevalence of viral suppression among women with HIV, likely due in part to routine 

deferral of cART initiation during the era of this study, may also limit generalizability to 

current clinical settings. While the relatively high BMIs in both the HIV seropositive and 

seronegative women in this study may preclude generalization to populations with different 

anthropometric features, HIV-infected women in the WIHS are demographically 

representative of women living with HIV in the United States. Therefore our study is 

generalizable to this sizable population. The DXA scans and carotid ultrasounds were not 

done at the same time; the interval between them was relatively short, however, and given 

the expected slow natural history of changes in body composition and carotid artery 

parameters, this should not have a major impact on our findings. Lastly, our primary 

statistical models included both women with and without HIV due to sample size 

constraints. Therefore, we are unable to conclude whether the influence of fat distribution on 

carotid artery parameters may have differed across HIV serostatus groups. We note that HIV 

positive individuals were more likely than HIV seronegative subjects to have an adverse fat 

distribution pattern, in particular lower SAT and higher ratio of VAT to SAT, although the 

higher ratio was driven primarily by the lower SAT and not greater VAT in HIV positive 

subjects.
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In conclusion, DXA-derived VAT and SAT masses remained independently associated with 

different measures of subclinical carotid artery atherosclerosis after adjustment for 

demographic and clinical factors in our cross-sectional analysis of women with and without 

HIV. VAT was independently associated with carotid artery stiffness, considered to be an 

early marker of atherosclerosis, whereas SAT remained associated with reduced odds of 

prevalent carotid artery lesions, consistent with a putative protective effect of this fat depot. 

Future longitudinal studies should clarify the time course of these associations and identify 

pathogenetic mechanisms, such as those potentially mediated by insulin resistance and 

inflammation.
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Figure 1. Associations Between Abdominal Adipose Tissue Depots and Subclinical Carotid 
Artery Atherosclerosis
A. Linear regression models with the outcome of Young’s modulus of elasticity (x Log 105 

Newtons*m−2). Solid circles represent beta coefficients and horizontal lines represent 95% 

confidence intervals.

B. Logistic regression models with the outcome of presence of carotid artery lesions. Solid 

circles represent odds ratios and horizontal lines represent 95% confidence intervals.

C. Linear regression models with the outcome of carotid intima-media thickness (μm). Solid 

circles represent beta coefficients and horizontal lines represent 95% confidence intervals.
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Table 1

Characteristics of Study Participants at the Time of DXA Visit

HIV-infected (n = 244) HIV-uninfected (n = 99) P-value

Age, years 43.5 (38.8, 48.7) 38.0 (31.3, 44.8) <0.0001

Race/ethnicity

 White 42 (17.2%) 22 (22.2%) 0.37

 Black 152 (62.3%) 62 (62.6%)

 Other 50 (20.5%) 15 (15.2%)

Education < high school 100 (41.0%) 34 (34.3%) 0.25

Smoking

 Current 146 (59.8%) 65 (65.7%) 0.21

 Former 52 (21.3%) 13 (13.1%)

 Never 46 (18.8%) 21 (21.2%)

Injection drug use (ever) 96 (39.3%) 21 (21.1%) 0.001

Alcohol use

 None 124 (50.8%) 37 (37.4%) 0.15

 Low 96 (39.3%) 48 (48.5%)

 Moderate 11 (4.5%) 6 (6.1%)

 High 13 (5.3%) 8 (8.1%)

Post-menopausal 69 (28.3%) 3 (3.0%) <0.0001

Diabetes 35 (14.3%) 7 (7.1%) 0.063

Hypertension 69 (28.3%) 20 (20.2%) 0.12

Use of anti-hypertensive medication 54 (22.1%) 12 (12.1%) 0.033

HCV-infected 88 (36.1%) 17 (17.2%) 0.0006

On cART 150 (61.5%) NA

On NRTI 157 (64.%) NA

On NNRTI 64 (26.2%) NA

On protease inhibitor 86 (35.2%) NA

Current CD4 (cells/mm3) 394 (258, 598) NA

Nadir CD4 (cells/mm3) 248 (138, 354) NA

Log10 HIV RNA copies/ml 2.78 (1.90, 3.85) NA

HIV RNA < 80 copies/ml 93 (38.1%) NA

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2019 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Glesby et al. Page 17

HIV-infected (n = 244) HIV-uninfected (n = 99) P-value

hsCRP (μg/ml)* 2.03 [0.80, 4.20] 1.95 [0.90, 4.85] 0.77

Body mass index (kg/m2) 27.5 (23.4, 31.2) 29.9 (25.2, 36.3) 0.0005

SAT mass (kg) 1.32 (0.86, 1.95) 1.90 (1.13, 3.00) <0.0001

VAT mass (kg) 0.57 (0.25, 0.96) 0.67 (0.22, 1.08) 0.49

VAT/SAT ratio 0.37 (0.24, 0.62) 0.29 (0.20, 0.47) 0.004

Whole body total fat (kg) 24.6 (17.4, 32.8) 32.5 (21.5, 43.6) <0.0001

Total cholesterol (mg/dL) 166 (120, 192)
[n=240]

171 (155, 211)
[n=98]

0.011

HDL-cholesterol (mg/dL) 42 (34, 55)
[n=240]

52 (45, 61)
[n=98]

<0.0001

eGFR ml/min per 1.73 m2 92.3 (80.2, 108.2) 98.8 (83.7, 111.6) 0.18

Common carotid artery IMT (mm) 0.73 (0.67, 0.80)
[n=244]

0.71 (0.65, 0.79)
[n=99]

0.21

≥ 1 carotid artery lesion 29 (11.9%) 11 (11.5%) 0.91

Young’s modulus of elasticity (105* N* m−2) 5.35 (3.99, 7.12)
[n=243]

4.50 (3.56, 6.05)
[n=98]

0.0028

Data are expressed as median (Q1, Q3), or n (%). P-values are by Wilcoxon rank-sum test or Chi-squared test as appropriate.

*
Data on hsCRP available on n = 226 HIV-infected and 92 HIV-uninfected women.

Abbreviations: cART, combination antiretroviral therapy; DXA, dual X-ray absorptiometry; IMT, carotid intima-media thickness; eGFR, estimated 
glomerular filtration rate; hsCRP, high sensitivity C-reactive protein; N, Newton; NA, not applicable; NRTI, nucleoside/nucleotide reverse 
transcriptase inhibitor; NNRTI, non-nucleoside reverse transcriptase inhibitor; SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue.
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Table 2

Correlations Among Visceral Adipose Tissue Mass, Subcutaneous Adipose Tissue Mass, Cardiometabolic 

Risk Factors and Carotid Artery Ultrasound Parameters

Visceral Adipose Tissue (VAT) mass Subcutaneous Adipose Tissue (SAT) mass

HIV-infected (N=244) HIV-uninfected (N=99) HIV-infected (N=244) HIV-uninfected (N=99)

Age (years) 0.18** [0.05, 0.30] 0.27** [0.08, 0.44] −0.055 [−0.18, 0.07] −0.024 [−0.22, 0.17]

Systolic blood pressure (mm 
Hg)

0.12 [−0.007, 0.24] 0.32** [0.13, 0.49] 0.13* [0.007, 0.25] 0.20 [−0.001, 0.38]

SAT (kg) 0.57*** [0.48, 0.65] 0.77*** [0.68, 0.84] -- --

VAT (kg) -- -- 0.57*** [0.48, 0.65] 0.77*** [0.68, 0.84]

Total body fat by BIA (kg) 0.56*** [0.49, 0.64] 0.79*** [0.70, 0.86] 0.93*** [0.90, .94] 0.96*** [0.94, 0.97]

Total cholesterol (mg/dL) 0.095 [−0.03, 0.22] 0.13 [−0.07, 0.32] 0.049 [−0.08, 0.18] 0.098 [−0.10, 0.29]

HDL-cholesterol (mg/dL) −0.26*** [−0.37, −0.12] −0.49*** [−0.63, −0.33] −0.094 [−0.28, 0.03] −0.32*** [−0.48, −0.13]

hsCRP (mg/L)† 0.28*** [0.16, 0.40] 0.69*** [0.56, 0.78] 0.22*** [0.094, 0.34] 0.61*** [0.47, 0.73]

Common carotid artery IMT 
(μm)

0.076 [−0.05, 0.20] 0.19 [−0.01, 0.37] 0.092 [−0.03, 0.22] −0.051 [−0.25, 0.15]

Young’s modulus of elasticity 

(105* N* m−2)
0.22*** [0.10, 0.34] 0.16 [−0.04, 0.35] 0.16* [0.04, 0.28] 0.28** [0.09, 0.45]

Values are Spearman correlation coefficients with 95% confidence intervals. P-values:

*
< 0.05,

**
< 0.01,

***
< 0.001

†
n = 226 HIV-infected; n = 92 HIV-uninfected

Abbreviations: BIA, bioelectrical impedance analysis; IMT, carotid intima-media thickness; eGFR, estimated glomerular filtration rate; SAT, 
subcutaneous adipose tissue; VAT, visceral adipose tissue.
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