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Abstract

Objectives: Adipose tissue (AT) density measurement may provide information about AT quality 

among people living with HIV. We assessed AT density and evaluated relationships between AT 

density and immuno-metabolic biomarker concentrations in men with HIV.

Design: Cross-sectional analysis of men enrolled in the Multicenter AIDS Cohort Study.

Methods: Abdominal visceral (VAT) and subcutaneous (SAT) AT density (Hounsfield Units, HU; 

less negative=more dense) were quantified from CT scans. Multivariate linear regression models 

described relationships between abdominal AT density and circulating biomarker concentrations.

Results: HIV+ men had denser SAT (−95 vs −98 HU HIV−, p<0.001), whereas VAT density was 

equivalent by HIV serostatus men (382 HIV−, 462 HIV+). Historical thymidine analog nucleoside 

reverse transcriptase inhibitor (tNRTI) use was associated with denser SAT but not VAT. In 

adjusted models, a 1 standard deviation (SD) greater SAT or VAT density was associated with 

higher levels of adiponectin, leptin, HOMA-IR and triglyceride:HDL cholesterol ratio and lower 

hs-CRP concentrations in HIV− men. Conversely, in HIV+ men, each SD greater SAT density was 

not associated with metabolic parameter improvements and was significantly (p<0.05) associated 

with higher systemic inflammation. Trends toward higher inflammatory biomarker concentrations 

per 1 SD greater VAT density were also observed among HIV+ men.
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Conclusions: Among men living with HIV, greater SAT density was associated with greater 

systemic inflammation independent of SAT area. AT density measurement provides additional 

insight into AT density beyond measurement of AT quantity alone, and may have implications for 

metabolic disease risk.

Background

In the general population, adipose tissue (AT) disturbances, such as lipodystrophy and 

obesity, are associated with increased risk for cardiovascular disease (CVD) and other age-

related, chronic comorbid diseases.[1,2] Although the mechanisms are incompletely 

understood, AT dysfunction is both well documented in people living with HIV infection 

and an important complication of some antiretroviral therapy (ART) agents, notably 

stavudine, zidovudine and older protease inhibitors (PIs).[3,4] AT accumulation in the trunk 

and viscera (lipohypertrophy) is not limited to older ART regimens [5] and can occur with 

and without concurrent peripheral fat loss (lipoatrophy). [6] Visceral fat accumulation is 

particularly associated with chronic AT inflammation, insulin resistance, and CVD risk and 

mortality. [5,6]

Although most studies assessing relationships between AT and health outcomes focus on AT 

quantity and distribution,[7,8] AT quality may be associated with outcomes independent of 

quantity.[9–12] AT quality can be indirectly assessed by quantifying AT density (in 

Hounsfield units, HU) on computed tomography (CT).[10] With fat gain, AT depots can 

expand via hyperplasia (generation of new, similarly-sized adipocytes), in which density 

remains stable, or hypertrophy (existing adipocytes become lipid engorged), in which 

density declines.[10,13,14] In contrast, with wasting adipocytes become smaller and contain 

fewer lipids, reflected by increasing density. [15,16] AT inflammation and fibrosis also result 

in increased AT density,[10] and increasing AT density can be a marker of AT dysfunction.

[16,17] In obesity, tissue inflammation and fibrosis are the sequelae of dysregulated AT 

remodeling, resulting in increased AT density and potentially increased cardiometabolic risk. 

[13,15] Conversely, lower visceral (VAT) and subcutaneous (SAT) AT density (reflective of 

adipocyte lipid engorgement, presumably without progression to significant fibrosis) have 

been associated with increased cardiometabolic risk, higher circulating leptin levels and 

lower adiponectin levels.[10,11]

Little is known about AT density and its relationship to chronic inflammation in treated HIV 

infection. With lipoatrophy, AT fibrosis and decreased adipocyte size may be reflected by 

higher AT density.[18] Additionally, abdominal SAT fibrosis was recently documented in 

people living with HIV on ART who were neither obese nor lipoatrophic, suggesting 

subclinical AT dysfunction.[19] This study aimed to better understand the independent role 

of AT density in people living with HIV on ART. The objectives of this study were to 

determine whether CT-quantified abdominal VAT and SAT density vary by HIV serostatus, 

and if relationships between CT-quantified VAT and SAT density and levels of circulating 

immuno-metabolic biomarkers vary by HIV serostatus, independent of AT quantity.
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Materials and Methods

Design and Sample

This was a cross-sectional analysis of men enrolled in the Cardiovascular Disease 2 (CVD2) 

sub-study of the Multicenter AIDS Cohort Study (MACS).

Participants

The MACS is an ongoing, multicenter (Pittsburgh, PA; Baltimore, MD/Washington, DC; 

Chicago, IL; and Los Angeles, CA), prospective, observational cohort study of men who 

have sex with men that began in 1984 to study the natural history of HIV infection. 

Participants are followed on a semi-annual basis for a standardized interview, clinical 

evaluations, laboratory tests and storage of specimens for the biorepository. The complete 

study design of the MACS has previously been described.[20]

A sub-cohort nested within the MACS, the MACS CVD2 study, was designed to assess 

metabolic, inflammatory, immunologic and HIV-specific factors leading to increased risk of 

cardiovascular disease. Complete methodological details of CVD2 have been previously 

described.[21,22] Briefly, men included in CVD2 were 40–70 years old, did not have a 

history of heart surgery or coronary angioplasty, weighed <300 pounds and were willing and 

able to provide informed consent.[21] Of note, men enrolled in CVD2 are generally similar 

to the larger MACS cohort. For this analysis, men with HIV were restricted to those with 

undetectable plasma HIV-1 RNA levels. In 2011 and 2012, CT-quantified VAT and SAT area 

measurements were obtained on CVD2 participants. Of the 1006 MACS CVD2 participants, 

844 had available imaging and, for men with HIV, undetectable HIV-1 RNA, and were 

included in our analysis. The Institutional Review Boards of all participating sites approved 

the MACS and MACS CVD2 studies, and all participants provided written informed 

consent.

Variables

AT Density Assessment

Details of CVD2 CT scanning procedures previously have been described.[23,24] Briefly, 

non-contrast CT was performed to assess VAT and SAT at the level of L4-L5 using a single 

slice. All CT scans were read centrally by an experienced reader at the Los Angeles 

Biomedical Research Institute (Harbor-University of California, Los Angeles, Torrance, 

CA), who also assessed scan quality and consistency. For this analysis, all CT scans were re-

interpreted for VAT and SAT area (in cm2) and density (in HU) using OsiriX software 

(www.osirix-viewer.com) by the original team and under the direction of Dr. Matthew 

Budoff.

Biomarker Analysis

Adipokine levels were measured from blood samples drawn at the time of the CT at the 

University of Vermont Laboratory for Clinical Biochemistry Research (Burlington, Vermont, 

USA) under the direction of Dr. Russell Tracy, and stored at −70° Celsius. Fasting serum 

and plasma were analyzed for adiponectin, leptin, high-sensitivity C-reactive protein (hs-
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CRP), interleukin (IL)-6, soluble tumor necrosis factor receptor I (sTNFRI) and soluble TNF 

receptor II (sTNFRII) concentrations. Total adiponectin, leptin and IL-6 were measured by 

enzyme-linked immunosorbent assays (R & D Systems, Minneapolis, MN, USA). The lower 

limit of detection for adiponectin was 390 ng/mL (interassay coefficient of variation [CV] 

5.3–10.8%); for leptin, 1300 pg/mL (interassay CV range 5.9–6.8%); for IL-6, 0.5 pg/mL 

(interassay CV range 6.6–12.5%). hs-CRP was measured by nephelometry, with an 

interassay CV range of 4.5%-5.2%. sTNFRI and sTNFRII were measured via multiplexing 

using a Milliplex soluble cytokine receptor panel (Millipore, Billerica, MA). The interassay 

CV range was 4.6%-10.8% for sTNFRI, and 4.2%-7.9% for sTNFRII.

Other Measurements

Age, race, ethnicity, smoking, alcohol and drug history, medication use and clinical 

diagnosis history were assessed by self-report unless otherwise defined. AIDS diagnosis, 

ART use and duration and concomitant medication use were confirmed via medical record 

review. Depression was defined as Center for Epidemiologic Studies Depression (CESD) 

Scale Score >16. Heavy alcohol use was defined as >13 alcoholic drinks per week. Height 

and weight were measured using standardized procedures and used to calculate body mass 

index (BMI) in kg/m2. BMI was categorized as <18, 18-<25, 25-<30 or ≥30 kg/m2. Waist 

circumference (cm) was measured using a standardized protocol.[25] Insulin resistance (IR) 

was calculated using the homeostatic model assessment (HOMA) equation (HOMA-

IR=fasting insulin [mU/mL] X fasting glucose [mmol/L]/22.5). The ratio of triglyceride to 

HDL cholesterol was used a clinical predictor of insulin resistance.[26] Diabetes was 

defined as self-report or use of anti-diabetic medications. Hypertension was defined as 

resting blood pressure >130/90 mmHg, self-report of hypertension or use of anti-

hypertensive medication. Metabolic syndrome was defined according to National 

Cholesterol Education Program III criteria.[27] Chronic hepatitis C virus (HCV) infection 

was defined as having a detectable plasma HCV RNA level. Chronic hepatitis B virus 

(HBV) infection was defined as positive HBV surface antigen or a documented diagnosis of 

chronic HBV infection. Among men with HIV, longitudinal data collected at study visits 

included HIV-1 RNA levels, CD4+ T lymphocyte counts/mm3 (CD4) and duration of ART 

use. CD4 nadir was defined as the lowest count prior to and including the CT scan date.

Statistical analysis

Continuous variables were presented as medians and interquartile ranges (IQR), and 

categorical variables as percentages. Comparisons of continuous variables between men with 

and without HIV were performed using the Wilcoxon rank-sum test, and for categorical 

variables using the x2 test. Linear regression models assessed the associations between 

abdominal SAT and VAT density as independent variables (in separate models) and 

concentrations of circulating biomarkers of metabolic health and inflammation. Specifically, 

these models characterized the change in dependent variable (i.e., circulating biomarker 

concentration) associated with a one standard deviation (SD) change in AT density, which 

corresponded to 9 HU for SAT and 8 HU for VAT. Models adjusted for AT area, depression, 

heavy alcohol use, chronic HCV infection, current smoking, age and black race (variables 

significant in univariate analyses, data not shown). For men with HIV, we also assessed the 

relationship between abdominal AT density and prior exposure to thymidine analogue 
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nucleoside reverse transcriptase inhibitors (tNRTI), as well as interactions with HIV for each 

outcome. For all analyses, significance was defined using a nominal, two-sided α=0.05. 

Analyses were conducted in SAS 9.4 (SAS Institute, Cary, North Carolina, USA).

Results

The characteristics of MACS men (n=844) who underwent non-contrast CT scans and had 

inflammatory biomarkers measured are shown in Table 1, stratified by HIV serostatus. The 

analysis included 382 men without HIV and 462 men with HIV. Men with HIV were 

younger, more likely to be black and/or of Hispanic ethnicity, had lower BMI and higher 

prevalence of metabolic syndrome and dyslipidemia. Men with HIV had a current median 

(interquartile range, IQR) CD4 count of 614 (443, 787) cells/μL and 14.8 (10.6, 21.1) years 

on ART. Among men with HIV, 88% had historical tNRTI use; 47% were currently on PIs; 

54% on non-NRTIs (NNRTI); and 19% on integrase strand transfer inhibitor (INSTI)-based 

ART.

Men with HIV had less abdominal SAT quantity, but similar abdominal VAT quantity 

compared to men without HIV (Table 2). Circulating hs-CRP, sTNFRI, sTNFRII, sCD163 

and sCD14 concentrations and HOMA-IR were significantly higher in men with HIV; 

adiponectin and leptin were significantly lower. Abdominal SAT density was greater among 

men with HIV, but abdominal VAT density was equivalent by HIV serostatus (Table 2). 

Historical tNRTI use was associated with greater abdominal SAT density [IQR] (−99 8 

[−103.8, −95.0] in people living with HIV with no historical tNRTI vs −94.3 [−99.9, −88.1] 

with any tNRTI use, p<0.001) but not VAT density [IQR] (−90.5 [−95.9, −83.4] in people 

living with HIV with no historical tNRTI vs −92.3 [−97.4, −86.0] with any tNRTI use, 

p<0.302).

Among men without HIV, a 1 SD (9 HU) greater SAT density was associated with 

physiologically-expected, lower concentrations of leptin, triglyceride-to-HDL cholesterol 

ratio and HOMA-IR and higher adiponectin concentrations, after adjusting for abdominal 

SAT area, depression, heavy alcohol use, chronic HCV infection, current smoking, age and 

black race. In contrast, among men with HIV, 1 SD greater SAT density was associated with 

statistically significantly higher levels of hs-CRP, IL-6, sTNFRI, sTNFRII and triglyceride-

to-HDL cholesterol ratio. The differences in theses inflammatory biomarker concentrations 

were significant within group, and statistically different than the profiles observed in men 

without HIV (with the exception of IL-6, which did not reach between-group significance). 

Interestingly, 1 SD greater SAT density was associated with similarly more favorable 

HOMA-IR in men with and without HIV infection. (Table 3).

Relationships between abdominal VAT density and inflammatory biomarker concentrations 

varied less by HIV serostatus (Table 4): Among men without HIV, 1 SD (8 HU) greater VAT 

density was associated with statistically significant within-group lower concentrations of 

leptin, HOMA-IR, triglyceride-to-HDL cholesterol ratios and hs-CRP, and greater 

adiponectin concentrations. Results were similar for men with HIV, except that no 

statistically significant, within-group differences were observed in HOMA-IR or hs-CRP 

levels and this was significantly different than the variations observed among men without 
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HIV. Although the within-group differences in sTNFRI and sTNFRII did not reach statistical 

significance, concentration changes trended towards improvement in men without HIV and 

worsening in men with HIV, trends that were statistically different between groups (Table 4). 

Observed changes for both abdominal VAT and SAT density varied somewhat by BMI 

category, but generally followed similar trends (data not shown).

Discussion

To our knowledge, this is the first study to examine AT density and its relationship to 

circulating immuno-metabolic parameters in people living with HIV. Our findings 

demonstrate that men with HIV have denser abdominal SAT than men without HIV, but no 

difference in median abdominal VAT density. Among men without HIV, denser AT was also 

associated with more favorable concentrations of circulating biomarkers of metabolism and 

inflammation, consistent with findings in the general population. These trends are also 

physiologically expected; in the absence of pathological conditions, denser SAT is 

associated with more favorable AT function. In contrast, among men with HIV, denser 

abdominal SAT was associated with greater systemic inflammation. Specifically, among 

men living with HIV, greater abdominal SAT density was associated with higher circulating 

hs-CRP, IL-6, sTNFR I and sTNFRII levels, no changes in adiponectin or leptin, and mixed 

effects on measures of insulin resistance, with more favorable HOMA-IR but less favorable 

triglyceride:HDL cholesterol ratios.

Data from the Framingham Heart Study demonstrated that lower abdominal AT density was 

associated with adverse cardiometabolic risk that persisted even after adjustment for BMI 

and abdominal VAT or SAT quantity, with the most adverse risk profiles seen in persons 

with high abdominal VAT quantity and low density.[11] However, further analyses from the 

same group described an association between greater abdominal SAT density and 

cardiovascular disease burden only when in combination with a high VAT/SAT area ratio 

and after adjustment for SAT volume.[16] Such an association might be explained by 

reduced fat storage capacity of fibrosed SAT, or preferential new fat storage into visceral 

depots and other ectopic sites. [5,17,28] Another study showed lower abdominal VAT and 

SAT density to be associated with lower risk for subclinical atherosclerosis in the general 

population.[12] Fibrosed AT that is poorly vascularized and has higher excess collagen 

deposition can result in a less-negative HU value compared to non-fibrotic adipose tissue as 

a result of excess collagen and the radiographic properties of blood. Both tissue hypoxia and 

fibrosis result in adipocyte necrosis, leading systemic chronic inflammation and the 

development of atherosclerosis, potentially explaining the disparate findings.[29] Given the 

effect of tNRTIs on inhibition of lipolysis and adipocyte differentiation (resulting in 

subcutaneous lipoatrophy and truncal fat gain)[3], these findings from the general population 

may provide an analogy to aid interpretation.

There is growing evidence of HIV as an inflammatory process that is linked to accelerated 

atherosclerosis and cardiovascular disease. [30] Body fat composition changes following 

exposure to ART are frequently associated with known cardiovascular disease risk factors 

such as dyslipidemia and reduced insulin sensitivity. [31] Greater concentrations of several 

inflammatory biomarkers, including IL-6, sTNFRI and sTNFRII, are associated with greater 
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prevalence of coronary artery stenosis in people living with HIV independent of traditional 

and HIV-related risk factors.[32] Persistently elevated circulating IL-6, hs-CRP, and d-dimer 

levels after ART initiation have been associated with increased all-cause mortality, including 

non-AIDS related deaths.[33] In our study, greater abdominal SAT density was associated 

with higher circulating hs-CRP, IL-6, sTNFRI and sTNFRII levels only in men living with 

HIV, suggesting an AT pathology contributing to these systemic levels of inflammation. 

Lipoatrophic SAT is characterized by decreased adipocyte size with increased fibrosis and 

chronic low-level inflammation, reflected by high levels of expression of these inflammatory 

biomarkers.[18,34] Additionally, in patients with ART-associated lipodystrophy syndrome, 

TNF-α and IL-6 expression correlate positively with SAT apoptosis and fibrosis, [35] which 

is reflected by increased AT density. Although no significant changes were seen in HOMA-

IR with greater abdominal SAT density, there was an association with higher triglyceride-to-

HDL cholesterol ratios in men with HIV. Higher triglyceride-to-HDL ratios are associated 

with insulin resistance and compensatory hyperinsulinemia as well as increased risk of 

CVD. [26,36]

In an analysis from the MACS CVD2 sub-study, adiponectin, an adipokine and major 

mediator between AT and cardiovascular disease, was lower in men living with HIV 

independent of AT area.[21] In our study, an increase in SAT density was not associated with 

a significant increase in adiponectin, as it was in men without HIV, further suggesting AT 

dysfunction in men living with HIV and denser SAT. Untreated HIV infection can lead to 

decreased adipocyte differentiation and impairment of proteins related to adipocyte 

metabolism, including adiponectin, which may initiate alterations of AT function that are 

further amplified by ART (18,36) and/or central lipohypertrophy and result in worsening 

cardiometabolic risk.[38] These findings highlight the importance of early HIV diagnosis 

and prevention of obesity throughout the lifespan, independent of ART use, as well as the 

need for better understanding of AT health and its potential clinical implications in people 

living with HIV.

In this cohort of men with long-term HIV infection, historic exposure to either zidovudine 

(AZT) or stavudine (d4T) was 88%, and 41.5% had concomitant exposure. This history of 

tNRTI exposure was associated with higher SAT density and lower VAT density, consistent 

with AT redistribution from the subcutaneous to visceral space (preferential distribution to 

ectopic sites). NRTI exposure causes peripheral fat wasting through mitochondrial toxicity 

in SAT adipocytes. [39] Higher SAT density in tNRTI-exposed persons may represent 

lipoatrophic AT with decreased adipocyte size and increased fibrosis, macrophage 

infiltration and inflammation.(18, 38) Although switching from a tNRTI-based ART regimen 

to abacavir- or tenofovir-containing regimens has led to some improvement in limb fat 

quantity as measured by dual X-ray absorptiometry(39–41), higher SAT density after 

controlling for SAT quantity suggests that the detrimental AT effects of tNRTI exposure are 

incompletely reversible. Although observational studies have found that d4T is associated 

with a greater risk of SAT loss than AZT,[44] given the high rate of mixed tNRTI exposure 

in our cohort we did not evaluate the effects of these agents on SAT quality individually.

There are several limitations of our study: While AT density from CT scans has been shown 

to reflect adipocyte size (and thus quality) in people living with HIV[45], no AT biopsy 
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specimens were available, preventing assessment of the underlying biological causes of 

differences in fat density (such as inflammation or fibrosis). Additionally, the MACS cohort 

includes only adult men, which may limit the generalizability of our findings to women or 

children. Similarly, there was a high proportion of men living with HIV who had history of 

exposure to tNRTI, and relationships between AT density and inflammation in persons 

exposed to tNRTIs may not be representative of people living with HIV started on newer 

ART regimens; however, many patients with tNRTI exposure are still alive and may suffer 

from health concerns related to the long legacy effects of these drugs. The strengths of this 

study include the use of the large, well-characterized MACS cohort, which provides high-

quality, detailed biochemical and clinical data in men-who-have-sex-with-men with and 

without HIV.

In conclusion, the data presented here provide a first analysis of the relationship between AT 

density and immuno-metabolic parameters in men living with HIV in comparison to 

otherwise similar HIV-uninfected control men. We demonstrated relationships between 

greater CT-quantified AT density (as a surrogate measure of AT quality) and greater levels of 

systemic inflammation associated with increased cardiometabolic risk among men living 

with HIV that were not apparent among men without HIV. Future measurement of AT 

density may provide additional insight into AT function beyond measurement of AT quantity 

alone and may have implications for assessment of long-term cardiovascular risk.

Sources of Funding:

This work was supported by General Electric to MJF, the National Institute on Aging on the National Institutes of 
Health (K23 AG050260, AG054366R01, and AG054366 to KME), and the National Institute of Allergy and 
Infectious Diseases (K24 AI120834 to TTB and K23 AI110532 to JEL).

Data in this manuscript were collected by the Multicenter AIDS Cohort Study (MACS) with centers at Baltimore 
(U01-AI35042): The Johns Hopkins University Bloomberg School of Public Health: Joseph B. Margolick (PI), 
Todd Brown (PI), Jay Bream, Adrian Dobs, Michelle Estrella, W. David Hardy, Lisette Johnson-Hill, Sean Leng, 
Anne Monroe, Cynthia Munro, Michael W. Plankey, Wendy Post, Ned Sacktor, Jennifer Schrack, Chloe Thio; 
Chicago (U01-AI35039): Feinberg School of Medicine, Northwestern University, and Cook County Bureau of 
Health Services: Steven M. Wolinsky (PI), Sheila Badri, Dana Gabuzda, Frank J. Palella, Jr., Sudhir Penugonda, 
John P. Phair, Susheel Reddy, Matthew Stephens, Linda Teplin; Los Angeles (U01-AI35040): University of 
California, UCLA Schools of Public Health and Medicine: Roger Detels (PI), Otoniel Martínez-Maza (PI), Otto 
Yang (Co-PI), Peter Anton, Robert Bolan, Elizabeth Breen, Anthony Butch, Shehnaz Hussain, Beth Jamieson, John 
Oishi, Harry Vinters, Dorothy Wiley, Mallory Witt, Stephen Young, Zuo Feng Zhang; Pittsburgh (U01-AI35041): 
University of Pittsburgh, Graduate School of Public Health: Charles R. Rinaldo (PI), Lawrence A. Kingsley (PI), 
Jeremy J. Martinson (PI), James T. Becker, Phalguni Gupta, Kenneth Ho, Susan Koletar, John W. Mellors, Anthony 
J. Silvestre, Ronald D. Stall; Data Coordinating Center (UM1-AI35043): The Johns Hopkins University Bloomberg 
School of Public Health: Lisa P. Jacobson (PI), Gypsyamber D’Souza (PI), Alison Abraham, Keri Althoff, Michael 
Collaco, Priya Duggal, Sabina Haberlen, Eithne Keelaghan, Heather McKay, Alvaro Muñoz, Derek Ng, Anne 
Rostich, Eric C. Seaberg, Sol Su, Pamela Surkan, Nicholas Wada. Institute of Allergy and Infectious Diseases: 
Robin E. Huebner; National Cancer Institute: Geraldina Dominguez. The MACS is funded primarily by the 
National Institute of Allergy and Infectious Diseases (NIAID), with additional co-funding from the National Cancer 
Institute (NCI), the National Institute on Drug Abuse (NIDA), and the National Institute of Mental Health (NIMH). 
Targeted supplemental funding for specific projects was also provided by the National Heart, Lung, and Blood 
Institute (NHLBI), and the National Institute on Deafness and Communication Disorders (NIDCD). MACS data 
collection is also supported by UL1-TR001079 (JHU ICTR) from the National Center for Advancing Translational 
Sciences (NCATS) a component of the National Institutes of Health (NIH), and NIH Roadmap for Medical 
Research. The contents of this publication are solely the responsibility of the authors and do not represent the 
official views of the National Institutes of Health (NIH), Johns Hopkins ICTR, or NCATS. The MACS website is 
located at http://aidscohortstudy.org/.

Disclosure: TTB has served as a consultant to Gilead Sciences, Merck, BMS, Theratechnologies, and EMD-
Serono. JEL has served as a consultant to Merck and Gilead Sciences, and receives research support from Gilead 

Lake et al. Page 8

Eur J Endocrinol. Author manuscript; available in PMC 2020 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://aidscohortstudy.org/


Sciences. KME has received research funding (paid to the University of Colorado) from Gilead Sciences and Merck 
and has served as a consultant to Viiv and Gilead Sciences. FP has served as a consultant and/or speaker for Gilead 
Sciences, Janssen Pharmaceuticals, Merk, and ViiV.

References

1. Sidhu S, Parikh T, Burman K. Endocrine Changes in Obesity In: Drugs That Affect Body Weight, 
Body Fat Distribution, and Metabolism. 2000.

2. Kershaw EE, Flier JS. Adipose tissue as an endocrine organ. In: Journal of Clinical Endocrinology 
and Metabolism. 2004 p. 2548–56. [PubMed: 15181022] 

3. Grinspoon S, Carr A. Cardiovascular Risk and Body-Fat Abnormalities in HIV-Infected Adults. N 
Engl J Med. 2005;352(1):48–62. [PubMed: 15635112] 

4. Erlandson KM, Zhang L, Lake JE, Schrack J, Althoff K, Sharma A, Tien P, Margolick J, Jacobson 
L, Brown TT. Changes in weight and weight distribution across the lifespan among HIV-infected 
and -uninfected men and women. Medicine (Baltimore). 2016;95:46.

5. Erlandson KM, Lake JE. Fat Matters: Understanding the Role of Adipose Tissue in Health in HIV 
Infection. Vol. 13, Current HIV/AIDS Reports. 2016 p. 20–30. [PubMed: 26830284] 

6. Lake JE, Stanley TL, Apovian CM, Bhasin S, Brown TT, Capeau J, Currier JS, Dube MP, Falutz J, 
Grinspoon SK, et al. Practical Review of Recognition and Management of Obesity and 
Lipohypertrophy in Human Immunodeficiency Virus Infection Vol. 64, Clinical Infectious Diseases. 
Oxford University Press; 2017 p. 1422–9. [PubMed: 28329372] 

7. Scherzer R, Heymsfield SB, Lee D, Powderly WG, Tien PC, Bacchetti P, Shlipak M, Grrunfeld C. 
Decreased limb muscle and increased central adiposity are associated with 5-year all-cause 
mortality in HIV infection. Aids. 2011;25(11):1405–14. [PubMed: 21572308] 

8. Shah RV, Murthy VL, Abbasi SA, Blankstein R, Kwong RY, Goldfine, Jerosch-Herold M, Lima J, 
Ding J, Allison M. Visceral adiposity and the risk of metabolic syndrome across body mass index: 
The MESA study. JACC Cardiovasc Imaging. 2014;7(12):1221–35. [PubMed: 25440591] 

9. Alligier M, Meugnier E, Debard C, Lambert-Porcheron S, Chanseaume E, Sothier M, Loizon E, Ait 
Hssain A, Brozek J, Scoazec J, et al. Subcutaneous Adipose Tissue Remodeling during the Initial 
Phase of Weight Gain Induced by Overfeeding in Humans. J Clin Endocrinol Metab. 
2012;97(2):E183–92. [PubMed: 22162470] 

10. Murphy RA, Register TC, Shively CA, Carr JJ, Ge Y, Heilbrun M, Cummings S, Koster A, Nevitt 
M, Satterfield S, et al. Adipose Tissue Density, a Novel Biomarker Predicting Mortality Risk in 
Older Adults. Journals Gerontol Ser A. 2014;69(1):109–17.

11. Rosenquist KJ, Pedley A, Massaro JM, Therkelsen KE, Murabito JM, Fox CS. Visceral and 
subcutaneous fat quality and cardiometabolic risk. JACC Cardiovasc Imaging. 2013;6(7):762–71. 
[PubMed: 23664720] 

12. Alvey NJ, Pedley A, Rosenquist KJ, Massaro JM, O’Donnell CJ, Fox CS. Association of fat 
density with subclinical atherosclerosis. J Am Heart Assoc. 2014;3(4):1–9.

13. Divoux A, Tordjman J, Lacasa D, Veyrie N, Hugol D, Cle K. Fibrosis in Human Adipose Tissue : 
Composition, Distribution, and Link With Lipid Metabolism and Fat. Diabetes. 
2010;59(November):2817–25. [PubMed: 20713683] 

14. Hotamisligil GS. Inflammation and endoplasmic reticulum stress in obesity and diabetes. Int J 
Obes (Lond). 2008;32 Suppl 7(2008):S52–4.

15. Pasarica M, Gowronska-Kozak B, Burk D, Remedios I, Hymel D, Smith SR. Adipose tissue 
collagen VI in obesity. J Clin Endocrinol Metab. 2009;94(12):5155–62. [PubMed: 19837927] 

16. Yeoh AJ, Pedley A, Rosenquist KJ, Hoffmann U, Fox CS. The association between subcutaneous 
fat density and the propensity to store fat viscerally. J Clin Endocrinol Metab. 2015;100(8):E1056–
64. [PubMed: 26062015] 

17. Weisberg SP, McCann D, Desai M, Rosenbaum M, Leibel RL, Ferrante AW. Obesity is associated 
with macrophage accumulation in adipose tissue. J Clin Invest. 2003 12 15;112(12):1796–808. 
[PubMed: 14679176] 

18. Giralt M, Domingo P, Villarroya F. Adipose tissue biology and HIV-infection. Best Pract Res Clin 
Endocrinol Metab. 2011;25(3):487–99. [PubMed: 21663842] 

Lake et al. Page 9

Eur J Endocrinol. Author manuscript; available in PMC 2020 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



19. Utay NS, Kitch DW, Yeh E, Fichtenbaum CJ, Lederman MM, Estes J, Deleage C, Magyar C, 
Nelson S, Klingman K, et al. Telmisartan Does Not Improve Lymph Node or Adipose Tissue 
Fibrosis More Than Continued ART Alone. J Infect Dis. 2018;1770:217.

20. Kaslow R, Ostrow D. The Multicenter AIDS Cohort Study: rationale, organization, and selected 
characteristics of the participants. Am J Epidemiol. 1987;126(2).

21. Kerunne S, Ketlogetswe KS, Post WS, Li X, Palella FJ, Jacobson LP, Margolick J, Kingsley L, 
Witt M, et al. Lower adiponectin is associated with subclinical cardiovascular disease among HIV-
infected men. Aids. 2014;28(6):901–9. [PubMed: 24401646] 

22. Post WS, Budoff M, Kingsley L, Jr FJP, Witt MD, Li X. Associations Between HIV Infection and 
Subclinical Coronary Atherosclerosis. Ann Intern Med. 2014;(160):458–67.

23. Hacıoğlu Y, Gupta M, Choi TY, George RT, Deible CR, Budoff MJ. Use of cardiac CT 
angiography imaging in an epidemiology study - the Methodology of the Multicenter AIDS 
Cohort Study cardiovascular disease substudy. Anadolu Kardiyol Derg. 2013;13(3):207–14. 
[PubMed: 23376648] 

24. Lake JE, Popov M, Post WS, Palella FJ, Sacktor N, Becker JT. Visceral fat is associated with brain 
structure independent of human immunodeficiency virus infection status. J Neurovirol. 
2017;23(3):385–93. [PubMed: 27981440] 

25. Centres for Disease Control and Prevention. National Health and Nutrition Examination Survey 
(NHANES) III: Body Measurements (Anthropometry). Natl Heal Nutr examinatory Surv. 
1988;20850(October):(1–1).

26. McLaughlin T, Abbasi F, Cheal K, Chu J, Lamendola C, Reaven G. Use of metabolic markers to 
identify overweight individuals who are insulin resistant. Ann Intern Med. 2003 11 18;139(10):
802–9. [PubMed: 14623617] 

27. Executive Summary of the Third Report (NCEP) Expert Panel on Detection, Evaluation, and 
Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel III). JAMA. 2001;285(19):
2486–97. [PubMed: 11368702] 

28. Gray SL, Vidal-Puig AJ. Adipose Tissue Expandability in the Maintenance of Metabolic 
Homeostasis. Nutr Rev. 2007 6;65(SUPPL.1):S7–12. [PubMed: 17605308] 

29. Drager LF, Yao Q, Hernandez KL, Shin MK, Bevans-Fonti S, Polotsky VY. Chronic intermittent 
hypoxia induces atherosclerosis via activation of adipose angiopoietin-like 4. Am J Respir Crit 
Care Med. 2013;188(2):240–8. [PubMed: 23328524] 

30. Hemkens LG, Bucher HC. HIV infection and cardiovascular disease [Internet]. Vol. 35, European 
Heart Journal. 2014; 1373–81. [PubMed: 24408888] 

31. Grunfeld C, Rimland D, Gibert CL, Powderly WG, Sidney S, Heymsfield SB. Association of upper 
trunk and visceral adipose tissue volume with insulin resistance in control and HIV-infected 
subjects in the FRAM study. J Acquir Immune Defic Syndr. 2007, 46(3):283–90. [PubMed: 
18167644] 

32. Bahrami H, Budoff M, Haberlen SA, Rezaeian P, Ketlogetswe K, Post WS. Inflammatory Markers 
Associated With Subclinical Coronary Artery Disease: The Multicenter AIDS Cohort Study. J Am 
Hear Assoc Cardiovasc Cerebrovasc Dis. 2016;5(6):e003371.

33. Kuller LH, Tracy R, Belloso W, De Wit S, Drummond F, Neaton JD. Inflammatory and 
coagulation biomarkers and mortality in patients with HIV infection. PLoS Med. 2008;5(10):
1496–508.

34. Sievers M, Walker UA, Sevastianova K, Setzer B, Wågsäter D, Sutinen J. Gene Expression and 
Immunohistochemistry in Adipose Tissue of HIV Type 1–Infected Patients with Nucleoside 
Analogue Reverse‐Transcriptase Inhibitor–Associated Lipoatrophy. J Infect Dis. 2009;200(2):252–
62. [PubMed: 19519254] 

35. Jan V, Cervera P, Maachi M, Baudrimont M, Kim M, Bastard JP. Altered fat differentiation and 
adipocytokine expression are inter-related and linked to morphological changes and insulin 
resistance in HIV-1-infected lipodystrophic patients. Antivir Ther. 2004 8;9(4):555–64. [PubMed: 
15456087] 

36. Laws A, Reaven GM. Evidence for an independent relationship between insulin resistance and 
fasting plasma HDL‐cholesterol, triglyceride and insulin concentrations. J Intern Med. 
1992;231(1):25–30. [PubMed: 1732395] 

Lake et al. Page 10

Eur J Endocrinol. Author manuscript; available in PMC 2020 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



37. Giralt M, Domingo P, Guallar JP, Rodriguez de la Concepción ML, Alegre M, Villarroya F. HIV-1 
infection alters gene expression in adipose tissue, which contributes to HIV− 1/HAART-associated 
lipodystrophy. Antivir Ther. 2006;11(February):729–40. [PubMed: 17310817] 

38. de Souza Dantas Oliveira SH, de Souza Aarão TL, da Silva Barbosa L, Souza LisbÔa PG, Tavares 
Dutra CD, Feio Libonati RM. Immunohistochemical analysis of the expression of TNF-alpha, 
TGF-beta, and caspase-3 in subcutaneous tissue of patients with HIV Lipodystrophy Syndrome. 
Microb Pathog. 2014;67–68(1):41–7.

39. Zaera MG, Miró Ò, Pedrol E, Soler A, Picón M, Nunes V. Mitochondrial involvement in 
antiretroviral therapy-related lipodystrophy. Aids. 2001;15(13):1643–51. [PubMed: 11546938] 

40. Nolan D, Hammond E, James I, McKinnon E, Malla S. Contribution of nucleoside-analogue 
reverse transcriptase inhibitor therapy to lipoatrophy from the population to the cellular level. 
Antivir Ther. 2003 12;8(6):617–26. [PubMed: 14760896] 

41. Ribera E, Larrousse M, Curran A, Negredo E, Clotet B, Martínez E. Impact of switching from 
zidovudine/lamivudine to tenofovir/emtricitabine on lipoatrophy: The RECOMB study. HIV Med. 
2013;14(6):327–36. [PubMed: 23298339] 

42. Martin A, Smith DE, Carr A, Ringland C, Amin J,Cooper DA. Reversibility of lipoatrophy in HIV-
infected patients 2 years after switching from a thymidine analogue to abacavir: The MITOX 
Extension Study. AIDS. 2004 4 30;18(7):1029–36. [PubMed: 15096806] 

43. Moyle GJ, Sabin CA, Cartledge J, Johnson M, Wilkins E, Reilly G. A randomized comparative 
trial of tenofovir DF or abacavir as replacement for a thymidine analogue in persons with 
lipoatrophy. AIDS. 2006 10;20(16):2043–50. [PubMed: 17053350] 

44. Mallal SA, John M, Moore CB, James IR, McKinnon EJ. Contribution of nucleoside analogue 
reverse transcriptase inhibitors to subcutaneous fat wasting in patients with HIV infection. Aids. 
2000;14(10):1309–16. [PubMed: 10930144] 

45. Lake JE, Moser C, Magyar C, Nelson SD, Erlandson KM, Mccomsey GA. CT Fat Density Reflects 
Histologic Fat Quality in ART-Treated, HIV-1-Infected Adults Conf Retroviruses Opportunistic 
Infect. 2017;Seattle, U.

Lake et al. Page 11

Eur J Endocrinol. Author manuscript; available in PMC 2020 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lake et al. Page 12

Table 1.

Baseline Demographics and Clinical Characteristics of Participants.

HIV− (N= 382) HIV+ (N= 462)

Age in years, (IQR) 55 [50, 62] 53 (48, 58)

African American race, n (%) 91 (23.8) 137 (29.7)

Smoking, n (%) 79 (21.0) 120 (26.1)

Heavy alcohol use
a
, n (%) 36 (10.3) 20 (4.7)

Illicit drug use, n (%) 187 (52.7) 270 (60.8)

Body mass index, kg/m2 (IQR) 26.6 (24.1, 30.0) 25.7 (23.3, 28.4)

Waist circumference, cm (IQR) 96.7 [89.2, 106.5] 94.35 (87.5, 101.7)

Total cholesterol, mg/dL (IQR) 190 (166, 214) 188 (163, 214)

HDL cholesterol, mg/dL (IQR) 51 (42, 6) 46 (38.3, 54.3)

Triglycerides, mg/dL (IQR) 102 (75, 151) 141 (97.5, 204.5)

LDL cholesterol, mg/dL (IQR) 112 (91, 135) 107 (83, 131)

Fasting glucose, mg/dL (IQR) 96 (89, 105) 98 (91, 107)

Hemoglobin A1C, % (IQR) 5.6 (5.4, 5.8) 5.5 (5.3, 5.8)

HOMA-IR (IQR) 2.8 (2.0, 4.2) 3.24 (2.4, 4.9)

C-reactive protein, ug/mL 0.96 (0.53, 1.9) 1.22 (0.67, 2.7)

Fibrinogen, ml/dL 332.5 (293, 375) 324 (273, 373)

IL-6, pg/mL 1.31 (0.9, 2.1) 1.44 (0.9, 2.3)

Adiponectin, ng/mL 7056 (4936, 10275) 5912 (3672, 9659)

Leptin, pg/mL 6318 (3180, 11791) 5496 (2504, 10790)

Soluble TNF R1, pg/mL 1160 (958, 1376) 1184 (991, 1486)

Soluble TNF R2, pg/mL 5868 (4973, 6879) 6347 (5312, 7942)

Soluble CD163, ng/mL 549 (432, 697) 656 (490, 827)

Soluble CD14, ng/mL 1280 (1115, 1458) 1625 (1400, 1853)

Current CD4+ T cell count, cells/μL (IQR) - 614 (443, 787)

CD4+ T cell nadir, cells/μL (IQR) - 281.5 (172, 391)

HIV-1 RNA <50 copies/mL (IQR) - 0 (0)

History of AIDS diagnosis, n (%) - 72 (15.6)

Years since ART initiation, (IQR) - 14.84 (10.6, 21.1)

History of AZT use, n (%) - 322 (72.7)

History of d4T use, n (%) - 252 (56.9)

History of AZT or d4T use, n (%) - 390 (88)

History of concomitant use of AZT and d4T, n (%) - 184 (41.5)

Cumulative use of AZT, years (IQR) - 3.2 (0–7.2)

Cumulative use of d4T, years (IQR) - 0.7 (0–3.9)

On ART since last visit, n (%)

 PI - 208 (47)

 NRTI - 417 (94.1)

 NNRTI - 240 (54.2)

 INSTI - 84 (19)
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IQR=interquartile range, HDL=high density lipoprotein, LDL=low density lipoprotein, HOMA-IR= homeostasis model assessment-insulin 
resistance, AT=adipose tissue, HCV=hepatitis C virus, HBV=hepatitis B virus, AIDS=Acquired Immunodeficiency Syndrome, ART=antiretroviral 
therapy, PI=protease inhibitor, NRTI=nucleoside reverse transcriptase inhibitor, NNRTI=non-nucleoside reverse transcriptase inhibitor, 
INSTI=integrase strand transfer inhibitor.

a
defined as >13 alcoholic drinks per week

b
defined as Center for Epidemiology Studies Depression Scale Score >16

c
defined as HCV RNA positivity

d
Defined as positive HBV surface antigen or diagnosis of chronic HBV infection

e
Measured from abdominal CT scan
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Table 2.

Adipose Tissue Area and Density by HIV serostatus

HIV− (N=382) HIV+ (N=462) P value

Subcutaneous AT areac, mm2(IQR) 233 (170, 319) 184 (115, 274) <0.001

Visceral AT area, mm2 (IQR) 140 (89, 212) 156 (99, 223) 0.037

Total AT area, mm2(IQR) 380 (274, 520) 348 (251, 468) 0.004

Subcutaneous AT density, HU (IQR) −98 (−103, −93) −95 (−100, −89) <0.001

Visceral AT density, HU (IQR) −92 (−96, −86) −92 (−97, −86) 0.313

AT=adipose tissue, IQR=interquartile range, HU=Hounsfield unit.
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Table 3.

Effects of 1 Standard Deviation Difference on SAT Density on Immuno-metabolic Markers*

HIV− HIV+ P value

Adiponectin
19.4% (9.8%, 29.8%)

b 4.7% (−2.2%, 12.2%) 0.010

Leptin
−18.1% (−25.9%, −9.5%)

a 2.9% (−5.4%, 11.9%) <0.001

HOMA-IR
−10.0% (−16.2%, −3.2%)

a −11.0% (−16.1%, −5.7%) 0.780

Triglyceride:HDL
−8.4% (−15.5%, −0.6%)

a
7.9% (0.8%, 15.6%)

b 0.001

hs-CRP −8.9% (−20.4%, 4.3%)
11.7% (0.0%, 24.8%)

b 0.013

IL-6 4.0% (−5.1%, 14.0%)
10.9% (2.9%, 19.5%)

b 0.250

Soluble TNF R1 −0.2% (−4.7%, 4.5%)
7.0% (3.0%, 11.1%)

b 0.012

Soluble TNF R2 −2.4% (−6.3%, 1.7%)
4.9% (1.5%, 8.5%)

b 0.003

SD=standard deviation, SAT=subcutaneous adipose tissue, HOMA-IR=homeostasis model assessment-insulin resistance, HDL=high density 
lipoprotein, hs-CRP=high sensitivity C-reactive protein, IL=interleukin, TNF=tumor necrosis factor

*
Adjusted for SAT area, CESD>16, >13 alcoholic drinks per week, chronic HCV infection, current smoker, age at visit and black race

a
Associated with statistically significant within-group lower concentrations of Immuno-metabolic marker.

b
Associated with statistically significant within-group higher concentrations of Immuno-metabolic marker.
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Table 4.

Effects of 1 Standard Deviation Difference on VAT Density on Immuno-metabolic Markers*

HIV− HIV+ P value

Adiponectin
21.2% (11.4%, 31.9%)

b
28.5% (19.7%, 38.1%)

b 0.203

Leptin
−24.4% (−31.6%, −16.5%)

a
−18.8% (−25.4%, −11.6%)

a 0.189

HOMA-IR
−13.6% (−20.2%, −6.5%)

a −5.4% (−11.6%, 1.3%) 0.039

Triglyceride:HDL
−21.7% (−29.0%, −13.8%)

a
−18.2% (−24.7%, −11.1%)

a 0.409

hs-CRP
−16.4% (−27.5%, −3.5%)

a 5.0% (−7.1%, 18.6%) 0.004

IL-6 1.7% (−7.9%, 12.4%) 5.8% (−2.7%, 15.0%) 0.471

Soluble TNF R1 −2.7% (−7.4%, 2.3%) 2.8% (−1.4%, 7.3%) 0.043

Soluble TNF R2 −4.0% (−8.1%, 0.3%) 3.1% (−0.7%, 7.0%) 0.003

SD=standard deviation, VAT=visceral adipose tissue, HOMA-IR=homeostasis model assessment-insulin resistance, HDL=high density lipoprotein, 
hs-CRP=high sensitivity C-reactive protein, IL=interleukin, TNF=tumor necrosis factor

*
Adjusted for SAT area, CESD>16, >13 alcoholic drinks per week, chronic HCV infection, current smoker, age at visit and black race

a
Associated with statistically significant within-group lower concentrations of Immuno-metabolic marker.

b
Associated with statistically significant within-group higher concentrations of Immuno-metabolic marker.
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