AIDS, Publish Ahead of Print
DOI: 10.1097/QAD.0000000000002119

Prior exposure to thymidine analogues and didanosine is associated with long-lasting
alterations in adipose tissue distribution and cardiovascular risk factors
Marco GELPI1 MD; Shoaib AFZAL2 MD, PhD; Andreas FUCHS3 MD; Jens LUNDGREN MD
DMSc Professor1, 4; Andreas D. KNUDSEN MD1; Ninna DRIVSHOLM1; Amanda MOCROFT5,
MSc Professor; Anne-Mette LEBECH1 MD DMSc; Birgitte LINDEGAARD6,7 MD, PhD; Jørgen T.
KÜHL3, MD; Per E. SIGVARDSEN, MD3; Lars KØBER3, MD DMSc Professor; Børge G.
NORDESTGAARD2,8, MD DMSc Professor; Klaus F. KOFOED3,9, MD DMSc Associate
Professor; Susanne D. NIELSEN1 MD DMSc Associate Professor
1

Viro-immunology Research Unit, Department of Infectious Diseases 8632, Rigshospitalet,
University of Copenhagen, Copenhagen, Denmark; 2The Copenhagen General Population Study,
Department of Clinical Biochemistry, Herlev and Gentofte Hospital, Copenhagen University
Hospital, Herlev, Denmark; 3Department of Cardiology, Rigshospitalet, University of Copenhagen,
Copenhagen, Denmark; 4CHIP, Department of Infectious Diseases 8632, Rigshospitalet, University
of Copenhagen, Copenhagen, Denmark; 5HIV Epidemiology and Biostatistics Unit, Department of
Infection and Population Health, UCL, London, UK; 6Center for inflammation and Metabolism,
Rigshospitalet; 7Department of pulmonary and infectious diseases, Nordsjællands Hospital,
Hillerød, Denmark; 8Faculty of Health and Medical Scienses, University of Copenhagen, Denmark;
9
Department of Radiology, Rigshospitalet, University of Copenhagen, Copenhagen, Denmark; on
behalf of the Copenhagen Comorbidity in HIV Infection (COCOMO) Study
Running head: Long-lasting fat redistribution after TA and ddI
Funding: This work was supported by Rigshospitalet Research Council, Region Hovedstaden, The
Lundbeck Foundation, The Novo Nordisk Foundation, and The Danish National Research
Foundation grant 126. The study was designed, conducted, analyzed, and written by the authors
without involvement of any commercial party.
Corresponding author:
Susanne Dam Nielsen, MD, DMSc, Associate Professor
Viro-immunology Research Unit, Department of Infectious Diseases 8632
Copenhagen University Hospital, Blegdamsvej 9B; DK-2100 Copenhagen Ø; Denmark
E-Mail: sdn@dadlnet.dk; Phone: (+45) 3545 0859, Fax: (+45) 3545 6648

Copyright © 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

Abstract
Background: Thymidine analogues (TA) and didanosine (ddI) have been associated with
redistribution of body fat from subcutaneous (SAT) to visceral (VAT) adipose tissue, which, in
turn, is a risk factor for cardiovascular disease (CVD). We explored differences in adipose tissue
distribution between people living with HIV (PLWH) with prior exposure to TA and/or ddI, without
exposure, and uninfected controls and the association with CVD risk factors.
Methods: 761 PLWH from the COCOMO study and 2,283 age- and sex-matched uninfected
controls from the CGPS study were included. PLWH were stratified according to prior exposure to
TA and/or ddI. VAT and SAT were determined by abdominal CT-scan. Hypotheses were tested
using regression analyses.
Results: Exposure to TA and/or ddI was associated with 21.6 cm2 larger VAT (13.8 – 29.3)
compared to HIV infection without exposure. HIV-negative status was associated with similar VAT
compared to HIV infection without exposure. Cumulative exposure to TA and/or ddI (3.7 cm2 per
year [2.3 - 5.1]), but not time since discontinuation (-1.1 cm2 per year [-3.4 – 1.1]), was associated
with VAT. Prior exposure to TA and/or ddI was associated with excess risk of hypertension (aOR
1.62 [1.13 - 2.31]), hypercholesterolemia (aOR 1.49 [1.06 - 2.11]), and low HDL (aOR 1.40 [0.99 –
1.99]).
Conclusions: This study suggests a potentially irreversible and harmful association of TA and ddI
with VAT accumulation, which appears be involved in the increased risk of hypertension,
hypercholesterolemia, and low HDL found in PLWH with prior exposure to TA and/or ddI, even
years after treatment discontinuation.
Key words: fat redistribution; cardiovascular risk factors; thymidine analogues; didanosine;
visceral adipose tissue
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Introduction
Fat redistribution from subcutaneous (SAT) to visceral (VAT) adipose tissue is a well-known
feature in PLWH[1,2]. Both VAT accumulation and SAT loss have been hypothesized to represent
adverse reactions to antiretroviral therapy[3,4]. The association between early cART era agents
(especially thymidine analogues (TA) and didanosine (ddI)) and SAT loss is well established and
characterized[5] and further progression can be attenuated with switching to other agents[6]. In
contrast, studies reporting a possible effect of antiretroviral therapy on VAT accumulation have
provided contrasting results[2,5,7].
Despite the introduction of antiretrovirals with less metabolic toxicities, central obesity remains a
feature of HIV infection[8]. Whether this phenotype is also still accompanied by the redistribution
of abdominal fat from the subcutaneous to the visceral compartment has not yet been determined.
The tendency to store adipose tissue as VAT rather than SAT has been linked to increased risk of
cardiovascular disease (CVD)[9,10]. Thus, assessing whether PLWH have higher risk of this
phenotype and identifying the determinants of it, are of primary importance to correctly assess risk
of CVD in PLWH.
In the present study, we tested the hypothesis that PLWH are characterized by redistribution of
body fat from the subcutaneous to the visceral compartment when compared to uninfected controls
and that TA and/or ddI have sustained effect in determining this potentially harmful phenotype. For
this purpose we assessed the association between prior exposure to TA and/or ddI with VAT, SAT,
and VAT-to-SAT ratio, respectively. Furthermore, we investigated whether prior exposure to TA
and/or ddI was associated with hypertension, hypercholesterolemia, and low HDL.
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Methods
Study population
PLWH were recruited from the Copenhagen comorbidity in HIV infection (COCOMO) study, a
longitudinal study with the aim of assessing the burden of non-AIDS comorbities in PLWH. A total
of 1,099 PLWH were enrolled in the COCOMO study. All participants were offered a CT-scan.
Procedures for recruitment and data collection have been described in detail elsewhere[11].
Uninfected individuals were recruited from the Copenhagen General Population Study (CGPS).
CGPS is an ongoing population study including more than 100,000 individuals residing in the
greater Copenhagen area. Only participants >40 years were offered a CT-scan. Procedures for
recruitment and data collection have been described elsewhere[12–15].
Inclusion criteria for this study were a abdominal CT-scan available and >40 years of age.
Uninfected controls were age- and sex-matched with PLWH in a 3:1 ratio using a propensity score
matching method. This resulted in 2,283 uninfected controls and 761 PLWH included in the present
study.
Ethical approval was obtained by the Regional Ethics Committee of Copenhagen (COCOMO: H15017350; CGPS: H-KF-01-144/01). Written informed consent was obtained from all participants.
Clinical assessments
Identical, structured questionnaires were used in COCOMO and CGPS to collect information about
demographics, physical activity, and smoking.
Data regarding HIV infection were obtained from review of medical charts of COCOMO
participants[11].
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All physical examinations were performed by trained clinic staff, using identical protocols in both
groups[11]. Height and weight measurements and body mass index (BMI) calculations were
performed according to WHO guidelines[16].
Blood pressure (BP) was measured on the left arm after 5 minutes rest with the subject in sitting
position, using an automatic Digital Blood Pressure Monitor.
Non-fasting venous blood was collected and analyzed for total cholesterol and high-density
lipoprotein (HDL). Blood samples from both COCOMO and CGPS participants were analyzed at
Herlev University Hospital, Copenhagen[11].
Clinical outcomes definition
According to Joint National Committee guidelines, hypertension was defined as anti-hypertensive
treatment and/or as having ≥ 140 mmHg systolic and/or ≥ 90 mmHg diastolic BP values [17].
According to ACC/AHA guidelines, hypercholesterolemia was defined as anti-dyslipidemic
treatment and/or as having total cholesterol > 200mg/dL[18].
Low HDL was defined as HDL level less than 40 mg/dL in men and less than 50 mg/dL in
women[15].
CT-scan measurement of VAT and SAT
CT imaging was performed using the same 320-multidetector scanner (Aquilion One ViSION
Edition, Canon, Japan) in a single rotation (275ms) in COCOMO and CGPS participants. Field of
view (FOV) was 500, tube voltage was 120 kVp and current was 210 mA (independent of BMI).
For measurement of visceral and subcutaneous adipose tissue, an 8 mm section (2x4.0 mm) was
reconstructed centered at the level of the 4th lumbar vertebra.
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Trained personnel used commercially available CT software (Fat Measurement, Aquilion ONE;
Canon, Japan) to measure the cross-sectional area of adipose tissue defined as voxels with
attenuation values in the range of -150 to -70 Hounsfield units. From within a manually adjusted
region of interest delineated by the muscular compartments, VAT area was automatically
calculated. SAT was defined as adipose tissue superficial to the abdominal and paraspinal muscles.
Intraintestinal and intramuscular adipose tissues were manually excluded (Supplementary Figure 1).
Statistical analysis
Continuous variables were reported as mean and standard deviations [SD], while categorical
variables were reported as percentage and frequency. Different groups were compared with t-tests
or Mann Whitney U test for continuous data that had normal or non-normal distribution,
respectively, and chi square/Fisher’s tests for categorical data.
Uni- and multivariable linear regression models were fitted to test associations between HIV
infection and the outcomes of interest. In these analyses, PLWH were stratified according to prior
exposure to TA (i.e. stavudine and zidovudine) and/or ddI (with and without exposure). Unadjusted
and adjusted β coefficient (β/aβ) and 95% confidence intervals [CIs] were computed and reported.
Covariates included in the base model were: age, sex, smoking (current-, former-, never smoker),
origin (Scandinavian, other EU, Middle-East and Indian sub-continent, other), physical activity
(inactive, moderately inactive, moderately active, very active), and BMI.
In PLWH, uni- and multivariable logistic regression models were fitted to test the association
between the presence of hypertension, hypercholesterolemia, and low HDL and prior exposure to
TA and/or ddI and VAT area, respectively. In these analyses, the base model was used to adjust the
analyses for confounders.
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Separate models for PLWH were fitted to assess associations between HIV-related variables and
each outcome. The following variables were added to the base model one at a time: CD4 nadir
<200/mm3, time since cART initiation, and duration of HIV infection.
In order to more closely evaluate the impact of the exposure to TA and ddI on VAT, SAT, and
VAT-to-SAT ratio, possible associations between each outcome and the cumulative period of
exposure (as continuous variable and stratified in quartiles) and the cumulative time since
discontinuation (as continuous variable and stratified in quartiles) were explored in the same model.
Only PLWH with prior exposure to TA and/or ddI were included in these analyses.
A P-value <0.05 was considered statistically significant. Analyses were conducted in R (V.3.3.0).

Results
Demographics
761 PLWH from the COCOMO cohort and 2,283 uninfected individuals from the CGPS cohort
were included in the present study. Demographic characteristics of the populations are depicted in
Table 1. No differences in age and sex distribution were found. Differences in origin, smoking
status, physical activity and BMI were found between the two groups (Table 1). HIV-specific
characteristics of COCOMO participants are shown in Table 1. A total of 451 (60.5%) PLWH had
prior exposure to TA and/or ddI. Of those, 445 had previous exposure, and 6 individuals were still
exposed. The mean cumulative exposure period to TA and/or ddI was 6.6 (SD, 4.2) years and mean
time since discontinuation was 9.4 (SD, 2.7) years.
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Visceral adipose tissue in PLWH and uninfected controls
No difference in VAT area was found between PLWH and uninfected individuals (104.4 cm2 vs
106.5 cm2, p-value 0.456) (Table 1). In multivariable regression analysis, HIV infection was
associated with 12.6 cm2 larger VAT (7.9 - 17.2) compared to uninfected controls. After
stratification according to exposure to TA and/or ddI, PLWH with exposure had larger VAT area
compared to both PLWH without exposure and uninfected controls (115.5 cm2 vs 88.9 cm2 and
106.5 cm2, respectively) (Supplementary Figure 2A). In multivariable analysis, HIV infection with
exposure to TA and/or ddI was associated with 21.6 cm2 larger VAT area compared to HIV
infection without exposure (13.8 - 29.3) (Table 2). HIV-negative status was associated with similar
VAT area compared to HIV infection without exposure to TA and/or ddI (aβ 0.2 [-6.4 - 6.8]) (Table
2).
Subcutaneous adipose tissue in PLWH and uninfected controls
PLWH had smaller SAT area compared to uninfected individuals (140.7 cm2 vs 184.8 cm2, p-value
< 0.001). These results were reproduced when adjusting for confounders, with HIV infection being
associated with 22.3 cm2 smaller SAT area compared to uninfected controls (-27.3 - -17.2). After
stratification according to exposure to TA and/or ddI, PLWH with exposure had smaller SAT area
compared to both PLWH without exposure and uninfected controls (Supplementary Figure 2B). In
multivariable analysis, HIV infection with exposure to TA and/or ddI was associated with 14.8 cm2
smaller SAT area compared to HIV infection without exposure (-23.3 - -6.3). Conversely, HIVnegative status was associated with 13.0 cm2 larger SAT area compared to HIV infection without
exposure (5.8 - 20.3) (Table 2).
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Visceral-to-subcutaneous adipose tissue ratio in PLWH and uninfected controls
PLWH had higher VAT-to-SAT ratio compared to uninfected individuals (1.0 vs 0.6, p-value <
0.001). HIV infection with exposure to TA and/or ddI was associated with 0.6 higher VAT-to-SAT
ratio compared to HIV infection without exposure (aβ 0.6 [0.5 - 0.7]). HIV-negative status was
associated with similar VAT-to-SAT ratio compared to HIV infection without exposure to TA
and/or ddI (aβ -0.1 [-0.1 - 0.0]).
Cumulative exposure to and time since discontinuation of TA and/or ddI as predictors of
VAT and SAT in PLWH
When limiting the analyses to PLWH with exposure to TA and/or ddI, each year of cumulative
exposure to these agents was associated with 3.7 cm2 larger VAT (2.3 - 5.1). These results were
reproduced when considering periods of cumulative exposure: < 3.6 years, reference group; 3.6 –
6.3 years, aβ 17.5 (0.2 - 34.8); 6.4 – 9.2 years, aβ 40.8 (23.2 - 58.5); > 9.2 years, aβ 44.4 (26.0 62.7). No association between the time since discontinuation of TA and/or ddI and VAT area was
found (-1.1 cm2 per year (-3.4 – 1.1) and Table 3).
No association between cumulative time of exposure or time since discontinuation of TA and/or ddI
and either SAT (Table 3) or VAT-to-SAT ratio was found.
Visceral adipose tissue and exposure to TA and/or ddI as predictors of risk of hypertension,
hypercholesterolemia, and low HDL in PLWH
After adjusting for confounders, VAT area in PLWH was positively associated with excess risk of
hypertension (aOR 1.11 per 20 cm2 increase of VAT area [1.04; 1.18]), hypercholesterolemia (aOR
1.17 per 20 cm2 increase of VAT area [1.09; 1.25]), and low HDL (aOR 1.13 per 20 cm2 increase of
VAT area [1.06; 1.20]).
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In multivariable analyses, the exposure to TA and/or ddI was associated with excess risk of
hypertension (aOR 1.62 [1.13 - 2.31]), hypercholesterolemia (aOR 1.49 [1.06 - 2.11]), and low
HDL, without, however, reaching statistical significance in the latter (aOR 1.40 [0.99 - 1.99])
(Figure 1). These associations were lost when further adjusting for VAT area.
Other HIV-specific predictors of visceral and subcutaneous adipose tissue area
Duration of cART was associated with larger VAT area (aβ 9.6 cm2 per 5 years [6.2; 13.1]). This
result was reproduced when limiting the analysis to PLWH with exposure to TA and/or ddI (aβ 17.2
per 5 years [9.5 - 24.9]), but not in those without (Figure 2). In multivariable analyses CD4 nadir <
200 cells was associated with larger VAT area (aβ 15.6 cm2 [6.9 - 24.2]). This result was
reproduced after stratification of PLWH according to exposure to TA and/or ddI (with exposure, aβ
11.8 cm2 [0.0 - 23.6]), but not in those without (Figure 2). No association between time since HIV
infection and VAT area was found. SAT area was not associated with cART duration, CD4 nadir,
and time since HIV infection.
Discussion
The present study resulted in two key findings regarding abdominal adipose tissue distribution in
PLWH. First, the redistribution of abdominal adipose tissue as VAT rather than SAT remains a
concern in a subpopulation of PLWH, possibly due to harmful and irreversible side effects of prior
TA and/or ddI treatment. Second, our results suggested that PLWH who had been exposed to these
agents were characterized by excess risk of hypertension, hypercholesterolemia, and low HDL,
even years after treatment discontinuation, which may be mediated by increased VAT
accumulation.
The attention towards HIV-associated fat redistribution syndrome has decreased after the
introduction of modern antiretroviral regimens with fewer metabolic side effects. However,
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previous results from our group have shown that abdominal obesity remains a distinct characteristic
of PLWH in the contemporary cART era[8]. In the present study we further characterized this
phenotype, by assessing the relative distribution of VAT and SAT at abdominal level. The
associations between HIV infection, accumulation of VAT and its determinants have been widely
studied. However, whether this phenotype is a direct consequence of HIV infection, a side effect to
cART or a back-to-health phenomenon in well-treated PLWH is still unclear. In the present study,
PLWH with a history of exposure to TA and/or ddI had larger VAT area compared to PLWH
without exposure, who, on the other hand, had comparable VAT area with uninfected controls.
Interestingly, almost all of PLWH with exposure did not report a current use of TA and/or ddI and
median since last exposure was more than 9 years, suggesting an irreversible effect of these agents
on adipose tissue. This hypothesis was supported by the lack of association between VAT area and
the time since discontinuation of TA and/or ddI. On the other hand, we described a direct
association between the cumulative exposure to these agents and VAT area. Taken together, these
results suggest a cumulative and harmful effect of TA and/or ddI affecting VAT accumulation,
which appears to be irreversible in the time frame considered in the present study. Potential
mechanisms leading to irreversibility of this phenotype are many. One may speculate that, once
established, the accumulation of VAT, characterized by hypoxia and high content of activated
macrophages[19], may lead to a pro-inflammatory environment, known to influence adipocyte
proliferation and differentiation[20]. These events may cause a vicious and self-maintaining circle,
resulting in the lack of improvement in VAT accumulation after the discontinuation of TA and/or
ddI. Interestingly, no association between duration of cART and VAT area was found in PLWH
without exposure. This finding may suggest that cART regimens not including TA or ddI have no
deleterious effect on VAT accumulation.
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The loss of subcutaneous adipose tissue related to HIV infection has been proposed to be a side
effect of thymidine analogues[5]. While our findings support this hypothesis, they also suggest a
concomitant role for HIV infection per se or modern cART regimens in determining this phenotype.
Viral proteins, especially Vpr and Nef, have previously been described to have a harmful and
inhibiting effect on adipogenesis [21,22], which may partly explain the loss of subcutaneous
adipose tissue independently of TA and/or ddI. Thus, in the present study HIV infection was
associated with smaller SAT area compared to uninfected controls also in PLWH without history of
exposure to TA or ddI, albeit to a lesser extent compared to those with exposure.
Recently, VAT-to-SAT ratio has been proposed as a better correlate of cardiometabolic risk
compared to BMI and absolute abdominal adipose tissue volumes[9]. In the present study, PLWH
with exposure to TA and/or ddI were characterized by increased VAT-to-SAT compared to both
uninfected individuals and PLWH without exposure. This finding may further support the
hypothesis that the propensity to store fat viscerally versus subcutaneously in PLWH may be a side
effect of the exposure to old generation cART. Fat redistribution syndrome is a well characterized
risk factor of CVD[1,23] in PLWH, where a given BMI or waist-to-hip ratio may be associated with
different CVD risk depending on the relative distribution of visceral and subcutaneous adipose
tissue at abdominal level. Specifically, loss of SAT and VAT accumulation have been associated
with increase in renin-angiotensin-aldosterone-system (RAAS) activation, free fatty acid (FFA) and
insulin resistance, known risk factors of hypertension and abnormalities in lipid metabolism[24].
Accordingly, we found that increasing VAT area was associated with excess risk of hypertension,
hypercholesterolemia and low HDL, which, in turn, were associated with the use of TA and/or ddI
even after controlling for traditional risk factors. The latter association disappeared when further
adjusting the model for VAT area. This finding may suggest that the harmful association between
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TA and/or ddI and excess risk of hypertension, hypercholesterolemia, and low HDL may be a result
of VAT accumulation induced by these agents.
TA have been proposed to affect adipose tissue distribution due to mitochondrial toxicity[25]. The
apparent contrast represented by lipohypertrophy in the visceral and the concomitant lipoatrophy in
the subcutaneous compartment as a consequence of the same insult may reflect differences in
resistance to mitochondrial toxicity in visceral and subcutaneous adipose tissues[26,27]. In the
visceral compartment, the oxidative stress induced by TA may result in mild mitochondria
dysfunction in the adipocytes, and consequently to a pathological adipose tissue accumulation[28].
Due to lower mitochondrial content and different genes expression[27], SAT has been described to
have lower resistance to mitochondrial toxicity compared to the visceral compartment. Thus, an
equivalent oxidative insult on adipocytes may be amplified in SAT, causing more severe
mitochondrial dysfunction, which may explain the tendency towards atrophy rather than
hypertrophy in the subcutaneous compartment[28].
The primary limitation of the present study is the cross-sectional design, where exposure and
outcome are assessed at the same time. Specifically, while possible associations between
cumulative time of exposure to TA and/or ddI, and the time since discontinuation of these agents
and our outcomes were explored, causal relationships cannot be drawn because of the lack of
longitudinal data. Minor differences in the ethnicity found between the two populations may explain
part of the differences in abdominal adipose tissue distribution. However, a possible confounding
effect of this variable was reduced by adjusting for, among the others, region of origin in
multivariable analyses. The main strength of the present study is the large and well characterized
study population who underwent CT-scan, comprehensive of a sex- and age-matched uninfected
control group. Furthermore, all laboratory and CT-scans examinations were performed in identical
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locations between the two populations, thus eliminating potential bias due to differences in the
equipment used.
In conclusion, we present data suggesting prior exposure to TA and/or ddI to be associated with
long-lasting redistribution of abdominal adipose tissue from SAT to VAT and to negatively impact
the risk of hypertension, hypercholesterolemia, and low HDL, even years after treatment
discontinuation. If confirmed by prospective studies, our findings may help to identify a subgroup
of PLWH who may benefit from more intensive cardiovascular prevention interventions.
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Table 1. Demographic and clinical characteristics of the study populations

General characteristics

PLWH
n = 761
54.2 (9.0)
651

Controls
n = 2,283
54.4 (9.0)
1,953 (85.5)

pvalue
0.594
1.000
<

Age, mean (SD)
Gender male, n (%)
Origin, n (%)
Scandinavia
570 2,122 (94.0)
Other Europe
77 (10.3)
113 (5.0)
Middle East and Indian sub12 (1.6)
18 (0.8)
continent
Other
90 (12.0)
4 (0.2)
HIV Transmission mode, n (%)
Heterosexual
166
IDU
9 (1.2)
MSM
516
Other
47 (6.4)
Current CD4 group, n (%)
<200
13 (1.8)
200-349
50 (6.8)
350-500
116
>500
560
CD4 nadir < 200, yes, n (%)
337
cART, yes, n (%)
743
Current viral load < 50, n (%)
713
Years since HIV positive test, years,
16.0 (8.9)
Years since cART initiation, years,
12.1 (6.4)
Exposure to TA and/or ddI, n (%)
451
Present exposure, n (%)
6 (1.4)
Previous exposure, n (%)
445
HCV co-infection, yes, n (%)
36 (4.8)
Smoking status, n (%)
<
Never smoker
256 1,042 (46.0)
Current smoker
196
275 (12.1)
Ex-smoker
295
950 (41.9)
Physical activity, n (%)
<
114 (5.0)
Inactive
68 (9.4)
Moderately inactive
259
771 (34.0)
Moderately active
310 1,099 (48.4)
Very active
85 (12.3)
286 (12.6)
BMI, mean (SD)
25.2 (3.9)
26.8 (3.9)
<
BMI WHO categories, n (%)
<
Underweight, < 18.5
18 (0.8)
7 (0.3)
Normoweight, 18.5 – 24.9
386
768 (33.7)
Overweight, 25 – 29.9
275 1,096 (48.0)
Obese, ≥ 30
78 (10.3)
411 (18.8)
Abdominal adipose
tissue
VAT, cm22, mean (SD)
104.4 106.5 (64.4)
0.456
SAT, cm , mean (SD)
140.7 184.8 (83.9)
<
VAT-to-SAT ratio, mean
1.0 (1.3)
0.6 (0.4)
<
Abbreviations: People living with HIV, PLWH; visceral adipose tissue,
VAT; subcutaneous adipose tissue (SAT); body mass index, BMI; standard
deviations, SD; intravenous drug use, IDU; male-to-male sex, MSM,
combined antiretroviral therapy, cART thymidine nucleoside analog reversetranscriptase inhibitors, TA; hepatitis C virus, HCV
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Table 2. Linear Regression Model predicting the degree of change (with 95% CI) in cm2 of VAT
and SAT
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Table 3. Association between cumulative exposure to TA and ddI and VAT and SAT
VAT

Cumulative time of
exposure to
< 3.6 years
3.6 – 6.3 years
6.4 – 9.2 years
> 9.2 years
Time since
discontinuation of
< 8.1 years

p-value

SAT

Adjusted β
[95% CI]

Adjusted β
[95% CI]

Ref

Ref

17.5
[0.2;34.8]
40.8
[23.2;58.5]
44.4
[26.0;62.7]
Ref

0.047
<
0.0001
<
0.0001

-1.3
[-16.2;13.6]
7.6
[-7.6;22.8]
2.2
[-13.6;18.1]

pvalue

0.862
0.328
0.781

Ref

-13.5
8.1
0.127
0.288
[-30.8;3.8]
[-6.8;23.1]
1.0
-4.1
9.7 – 10.7 years
0.906
0.595
[-16.7;18.8]
[-19.5;11.2]
8.62
14.2
> 10.7
0.351
0.075
[-9.4;26.7]
[-1.4;29.9]
*β coefficients represent the degree of change in cm2 of VAT and SAT,
respectively, associated with each level of the explanatory variables.
Abbreviations: visceral adipose tissue, VAT; subcutaneous adipose tissue, SAT;
thymidine nucleoside analog reverse-transcriptase inhibitors, TA; confidence
interval, CI.
All the models were adjusted for age, sex, origin, physical activity, smoking,
8.1 – 9.6 years
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Figure legends
Figure 1.
Association between exposure to thymidine analogues and/or didanosine and hypertension,
hypercholesterolemia, and low HDL. Results from uni- and- multivariable logistic regression
are reported as odds ratios (95% CI). Multivariable models were adjusted for exposure to TA
and/or ddI, age, gender, smoking, physical activity, origin, and BMI. Abbreviations: people
living with HIV, PLWH; thymidine nucleoside analog reverse-transcriptase inhibitors, TA;
didanosine, ddI; body mass index, BMI; visceral adipose tissue area, VAT; confidence
interval, CI.
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Figure 2.
Association between VAT area and time since HIV infection, cART duration, and CD4 nadir
< 200 cells/ml. These associations were also explored after stratification of PLWH according
to the exposure to TA and/or ddI. In addition to the variables shown in the figure, all the
models were adjusted for age, gender, smoking, physical activity, origin, and BMI. β
coefficients represent the degree of change in cm2 of VAT for every 1-unit/level of change in
the explanatory variables.
Abbreviations: people living with HIV, PLWH; thymidine nucleoside analog reversetranscriptase inhibitors, TA; didanosine, ddI; body mass index, BMI; visceral adipose tissue
area, VAT; combination antiretroviral therapy, cART.
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