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Background. Immune activation persists despite suppressive antiretroviral therapy (ART) and may be affected by sex or body
composition. We explored these relationships in a subset of participants who initiated ART in two large randomized trials.

Methods. Purposeful sampling selected participants who achieved virologic suppression on ART and either maintained weight
within + 0.5 kg/m” or gained 2.6-6.4 kg/m’ from baseline to 96 weeks. We measured 7 markers of inflammation and immune acti-
vation at weeks 0 and 96. Multivariable linear regression explored associations of weight gain, sex, and pre-ART BMI with pre-ART
and changes in biomarker concentrations.

Results. 340 participants were selected; median pre-ART age 42 years, CD4" cell count 273 cells/mm”, HIV-1 RNA 4.7 log, copies/
mL; 49% were women, 33% white, 42% black, and 24% Hispanic. Among participants with a normal pre-ART BMI, higher pre-ART
levels of IL-6, sSTNF-RI and RII, CXCL-10, sCD163 and hsCRP were associated with weight gain. Association of weight gain with week 96
changes of these biomarkers differed by sex; women who gained weight had smaller declines in most measured biomarkers compared to

men who gained.
Conclusions.
ART initiation.

Among women, weight gain is associated with attenuated decline in several immune activation markers following

Clinical Trials Registration. NCT 00811954 and NCT 00811954.
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There are an estimated 37.9 million people living with human
immunodeficiency virus (PWH), and an increasing number are
overweight or obese [1, 2]. This is a cause for concern because
obesity is a major risk factor for a number of important clinical
comorbidities including cardiovascular disease, diabetes, fatty
liver disease, and cognitive decline. The mechanism for these
complications is under investigation, but immune activation is
likely to be important.

Although levels of immune activation and inflammatory
markers tend to decrease after the initiation of antiretroviral
therapy (ART), they remain elevated when compared to age-
matched controls despite suppressive ART [3, 4]. Several factors
may contribute to persistent immune activation and inflamma-
tion including both modifiable (eg, tobacco use, obesity) and
nonmodifiable factors (eg, thymic dysfunction, persistent an-
tigen stimulation due to residual low-level viremia). Previous
work has shown that obesity is associated with chronic inflam-
mation with elevated levels of multiple inflammatory cytokines
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including interleukin 6 (IL-6), tumor necrosis factor-o (TNF-
a), and C-reactive protein (CRP) [5-7]. Higher circulating
levels of these cytokines are associated with an increased risk of
cardiovascular events, incident diabetes, and mortality among
PWH [8-10].

Adipose tissue CD4" T cells harboring latent virus may be a
driver of the residual systemic inflammation and immune acti-
vation that occurs in spite of suppressive ART [11, 12]. While ad-
ipose tissue in lean individuals promotes an anti-inflammatory
cytokine environment [13], obesity generates proinflammatory
immune responses and it is adipose tissue T cells and macro-
phages that drive obesity-related inflammation [12, 14-16].
Studies evaluating the relationship between body composition
and inflammatory cytokines in PWH have found associations
between weight gain/higher body mass index (BMI) and higher
levels of various markers including CRP, IL-6, soluble TNF-a
receptor I (sTNE-RI), soluble CD14 (sCD14), and soluble
CD163 (sCD163) [17, 18].

There is also evidence of an association between sex and
immune activation in PWH. Prior studies have shown that
women develop stronger immune (eg, interferon-a) responses
than men to a number of different pathogens, and innate im-
mune sensing of human immunodeficiency virus (HIV) is
more robust in women than in men [19-21]. Additionally,
several markers of immune activation and coagulation are
higher in women with HIV than in men with HIV, both before
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and after initiation of ART. In one cohort, CRP concentra-
tions decreased in men but tended to increase in women and
sCD163 remained higher in women than men after 24 months
of ART [22]. In another cohort, women had greater increases
in TNF-a and more muted decreases in CRP and sCD14 as
compared to men [23].

Previous work has shown that women with HIV gain more
weight than men following the initiation of ART, independent
of ART type [24-27]. However, it is unknown whether sex dif-
ferences exist in the relationship between immune activation
and changes in body composition after ART initiation.

We hypothesized that sex and weight gain/body composition
would be associated with both pre-ART levels of systemic in-
flammation (IL-6, sSTNF-RI and RII, C-X-C motif chemokine
10 [CXCL-10], and high-sensitivity CRP [hsCRP]) and mon-
ocyte activation (sCD14 and sCD163) and changes in these
biomarkers following ART initiation and explored these rela-
tionships in a selected subset of women and men who had ini-
tiated ART in 2 large, randomized AIDS Clinical Trials Group
(ACTG) trials (A5202 and A5257).

METHODS

Study Design and Population

We accessed participant-level data from 2 phase 3 ACTG ART
initiation trials where data on BMI changes were available up
to 96 weeks following ART initiation. We included data from
ACTG 5202 (NCT 00118898, enrolled 2005-2007) [28] and
ACTG 5257 (NCT 00811954, enrolled 2009-2011) [29].

A5202 randomized 1858 participants (17% women) to
atazanavir/ritonavir or efavirenz combined with either abacavir/
lamivudine or tenofovir disoproxil fumarate/emtricitabine.
A5257 randomized 1809 participants (24% women) to either
atazanavir/ritonavir, darunavir/ritonavir, or raltegravir com-
bined with tenofovir disoproxil fumarate/emtricitabine. We in-
cluded cis-gender participants from these studies who were not
underweight (BMI > 18.5 kg/m®) prior to ART initiation, and
who had achieved virologic suppression as measured by plasma
HIV-1 viral loads <200 copies/mL at weeks 48 and 96, and ex-
cluded any women who became pregnant.

A purposeful sampling design selected participants who ei-
ther maintained weight within + 0.5 kg/m2 (maintainers) or
gained 2.6-6.4 kg/m2 (gainers) from baseline to 96 weeks. This
latter range of weight gain represents the observed 75th to 95th
percentile in BMI changes over 96 weeks and the relative BMI
change among participants in this group ranged from plus 6.5%
to 33%. All women with available stored plasma samples who
met criteria for 1 of these 2 subgroups (maintained or gained
weight) were included in the analysis. A similar number of men
were selected using stratified random sampling with strata de-
fined by age (below or above the median observed age among
the women) and parent study/ART regimen, so that there was
not confounding of sex by age or ART regimen.

Participants who lost more than 0.5 kg/m® from baseline
(20% of women in the 2 parent trials), who gained between 0.5
and 2.6 kg/m” over 96 weeks (33% of women in the 2 parent
trials), and who experienced the most extreme (> 95th percen-
tile) weight gain (5% of women in the 2 parent trials) were all
excluded from this analysis.

The human experimentation guidelines of the Department
of Health and Human Services were followed, and the institu-
tional review board or ethics committees at each site provided
approval. Informed consent, including permission to use bio-
logical materials, was obtained from all participants.

Laboratory Testing

Plasma specimens at weeks 0 and 96 were stored at —80°C in a
repository and were not thawed until the time of testing. Each
marker was batch tested at a single laboratory to minimize
variability. Plasma levels of IL-6, sTNF-RI and II, CXCL-10,
hsCRP, and sCD14 and sCD163 were measured using enzyme-
linked immunosorbent assay (ELISA; R&D Kkits) at the Core
Laboratory of the Clinical Research Unit at University Hospitals
Cleveland Medical Center (G. A. M. Director).

Analyses

Weight was measured at weeks 0 and 96 and height at week 0
in both studies. BMI (kg/m?) was categorized as underweight
(<18.5), normal (18.5-24.9), overweight (>25-29.9), and obese
(230).

Multivariable linear regression explored associations of
weight gain category (gainers vs maintainers), sex, and pre-
ART BMI category with outcomes of pre-ART biomarker
concentrations (log —transformed) and absolute changes
in log, transformed biomarker concentrations from base-
line to week 96, adjusting for baseline age, race/ethnicity,
ART regimen, pre-ART CD4 cell count, and pre-ART
HIV-1 RNA.

P values of < .05 were determined a priori as a guideline for
associations to highlight. All analyses were conducted using
SAS software (version 9.4).

RESULTS

For this study, 340 participants were selected, 40% from A5202
and 60% from A5257. As shown in Table 1, median pre-ART
age was 42 years, BMI was 25.56 kg/m’, CD4" cell count 273
cells/mm®, and HIV-1 RNA 4.7 log,, copies/mL; 49% were
women, 33% white, 42% black, and 24% Hispanic. The distribu-
tion of pre-ART BMI did not significantly differ between those
who later maintained weight and those who later gained weight.
Median pre-ART CD4 cell count was significantly lower among
those who gained weight versus those who maintained weight
(195 cells/mm® vs 344 cells/mm?; P < .01). Similarly, median
pre-ART HIV-1 RNA was significantly higher among those
who gained weight versus those who maintained weight (4.84
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log,, copies/mL vs 4.47 log = copies/mL; P < .01). Participants
with more advanced HIV disease as measured by viral load
and CD4" cell count had higher pre-ART biomarkers (data
not shown).

Associations Between Pre-ART Inflammatory Marker Concentrations,
Sex, Pre-ART BMI, and Weight Gain

In unadjusted models, pre-ART concentrations of sTNF-RI
and sTNF-RII were different between sexes (estimated
means of 0.05 log,, pg/mL lower in women than men). These
associations persisted after adjustment for pre-ART BMI,
other baseline covariates, and weight gain group as an av-
erage 0.04 log,  pg/mL lower in women than men (P = .01
and P = .02).

As shown in Table 2, there was a statistical interaction be-
tween sex and pre-ART BMI category for the association with
pre-ART levels of hsCRP (P = .02). Among women, increasing
pre-ART BMI category was associated with higher pre-ART
hsCRP levels. This association was not observed among men.

Among weight maintainers, higher pre-ART BMI weight
category was associated with higher pre-ART biomarker levels
for 4 of the 5 biomarkers (ie, all but CXCL-10; all interaction P
values <.03). We did not observe this association among the
weight gainers (Table 3).

To understand why pre-ART biomarkers were not different
among those with pre-ART BMI categories in the overweight
and obese categories versus the normal BMI category among
gainers, we turned to the association between weight gain in
the 96 weeks following ART initiation and pre-ART biomarker
levels. As illustrated in Table 4, we observed that among the
subgroup of people who had pre-ART BMIs in the normal
range, gainers had higher biomarker levels than maintainers.
But among those who were already overweight or obese pre-
ART, biomarker levels were similar between gainers versus
maintainers.

Among those with normal pre-ART BMI, weight gain was
associated with higher pre-ART biomarker concentrations after
adjusting for baseline characteristics including pre-ART viral
load and CD4 cell count (Table 4).

Table 2. Model-Based Mean Differences (95% Cls) of Pre-ART hsCRP
Concentrations for Participants by Pre-ART BMI Category and Sex

Pre-ART BMI Category vs

Sex Subgroup Normal Weight hsCRP log,, ng/mL

Women Overweight 0.18 (.01 to .36)
Obese 0.46 (0.28 to .63)

Men Overweight -0.02 (-.17 t0 .13)
Obese 0.06 (-.18 to .29)

Models adjusted for sex, age (by decade), race/ethnicity, pre-ART viral load, and CD4 cell
count, and ART assignment. Bold text indicates a statistically significant value.
Abbreviations: ART, antiretroviral therapy; BMI, body mass index; Cl, confidence interval;
hsCRP high-sensitivity C-reactive protein.

Putting these 2 different sets of associations together, these
data suggest that either preexisting excess weight (irrespective
of weight gain following ART initiation) or being of normal
weight but on a trajectory of weight gain during the first 96
weeks of ART were both associated with higher biomarker levels
at the time of ART initiation. Figure 1 (and Supplementary
Table 1) provide both model-based and observed means of log, |
transformed biomarker concentrations to demonstrate these
associations.

Sex, Weight Gain, and Change in Inflammatory Marker Concentrations
Over 96 Weeks

Figure 2A (and Supplementary Table 2) summarize the associa-
tion of weight gain over 96 weeks with changes in markers of in-
flammation and immune activation over the same time period.
For most biomarkers (IL-6, CXCL-10, sTNF-RI, sTNF-RII,
and sCD163), these associations differed significantly by sex.
Among women, weight gain was associated with some attenu-
ation in decreases whereas weight gain in men was associated
with larger decreases. For hsCRP where changes over time were
increases from pre-ART levels, both weight gain and female
sex were independently associated with larger increases over
time. The association of weight gain with TNF-RII biomarker
changes also varied by pre-ART BMI category (Table 5): larger
TNF-RII decreases were observed among the subgroup with a
normal pre-ART BMIL.

Pre-ART BMI and Change in Inflammatory Marker Concentrations Over
96 Weeks

As shown in Figure 2B, higher BMI categories (ie, overweight
and obese) were not associated with variation in changes in
STNEF-RII, CXCL-10, or sCD163 over 96 weeks. For IL-6, both
overweight and obese participants had significant differences in
changes compared to normal weight participants. Most parti-
cipants had increases in hsCRP over time (Figure 2B and Table
6), so the greater changes in overweight and obese participants
represented larger increases in hsCRP compared to those with a
normal pre-ART BMI.

Sex, Pre-ART BMI, and Change in Inflammatory Marker Concentrations
Over 96 Weeks

Sex and pre-ART BMI were additive for changes in inflamma-
tory biomarkers (Figure 2B and Table 6). The multivariable
model showed that women with a higher baseline BMI were es-
timated to have the largest increases in hsCRP over time (mean
of 0.32 for obese, 0.29 for overweight, log - ug/mL increase from
pre-ART level), even after controlling for weight gain over time.
Specifically, while normal weight men were estimated (and ob-
served) to have slight decreases in hsCRP over 96 weeks (Table
6), normal weight women were estimated to have increases in
hsCRP (0.11 log, ug/mL) that were similar in magnitude to the
increases among overweight (0.13 log,, ug/mL), or obese (0.16
log,, ug/mL) men. As estimated, obese women had the largest
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Table 3. Model-Based Mean Differences (95% Cls) of Pre-ART Biomarker Concentrations for Participants Who Were Starting With Pre-ART Overweight
or Obese BMI Versus Normal BMI, Separately by Subsequent Weight Gain on ART

Weight Gain Subgroup  Pre-ART BMI Category sTNFRII, log,, CXCL:10, log,, sCD163, log,,

Over 96 Weeks vs Normal Weight 16, log,, pg/mL pg/mL pg/mL ng/mL hsCRP log,, png/mL

Maintainers Overweight 0.09 (-.01 to .18) 0.08 (.03 to0 .13) 0.06 (-.03 to .14) 0.08 (.01 to .14) 0.31 (.14 to .49)
Obese 0.28 (.16 to .40) 0.17 (.10 to .23) 0.09 (-.02 to .2) 0.18 (.10 to .26) 0.45 (.23 t0 .67)

Gainers Overweight -0.14 (-.22t0 -.05) -0.03 (-.07 t0 .02) -0.07 (-.15t0 .01) 0.04 (-.02t0 .09) -0.15(-.30to .01)
Obese —0.06 (-.15 to .04) -0.01 (-.06 t0 .04)  —.05 (.14 to .04) 0.05 (-.02 to .11) 0.07 (-.11 to .24)

Models adjusted for sex, age (by decade), race/ethnicity, pre-ART viral load and CD4 cell count, and ART assignment. Bold text indicates a statistically significant comparison.

Abbreviations: ART, antiretroviral therapy; BMI, body mass index; Cl, confidence interval; hsCRP, high-sensitivity C-reactive protein; IL-6, interleukin 6; sSTNF-RII, soluble TNF-a receptor 1.

increases in hsCRP compared to any other (sex and pre-ART
BMI) subgroup.

DISCUSSION

In this sample of participants from 2 large randomized
ACTG trials of women and men who initiated first-line ART
in the United States, there are several important findings.
Individuals with more advanced HIV disease (ie, with higher
viral loads and lower CD4 counts) had higher baseline
levels of immune activation. Additionally, baseline weight
was found to influence the relationship between the levels
of immune activation and weight gain. Among those with
a normal pre-ART BMI, higher levels of immune activation
predicted who gained weight whereas, among those who were
overweight or obese prior to ART initiation, higher levels of
immune activation were less predictive. When given effec-
tive ART, levels of most of the inflammatory markers meas-
ured in this study (IL-6, TNF-RII, CXCL-10, and sCD163)
decreased, although the changes often differed by sex and
pre-ART BMI.

Among women, weight gain was associated with slight atten-
uation of decreases, but the opposite was true for men (weight
gain was associated with slightly larger decreases). hsCRP was
distinct from the other inflammatory markers as this marker
did not routinely decrease following ART initiation and, among
women, hsCRP increases occurred regardless of pre-ART BML

While pre-ART BMI was similar between gainers and main-
tainers, gainers had significantly lower pre-ART CD4" T-cell
counts and higher HIV-1 RNA levels. These findings have been
demonstrated across multiple study populations [30-33]. Lower
CD#4 represents more advanced HIV disease and perhaps more

exposure to the immune modulatory effects of HIV. Others
have found associations between markers of immune activation
and adiposity among PWH who are virally suppressed on ART
[17]. The notion that this association also exists prior to ART
initiation and is independent of baseline CD4" cell count raises
the possibility that these markers may be useful for predicting
which patients are most likely to gain weight following ART
initiation, particularly among patients with a normal pre-ART
BM]I, and is a novel finding.

We found compelling associations between sex, pre-ART
BMI, and pre-ART inflammatory markers after adjusting for
potential confounders. Higher pre-ART BMI category (over-
weight or obese) was associated with higher pre-ART hsCRP
levels, and obese women had significantly higher baseline
hsCRP levels than obese men. Further, for IL-6, sSTNF-RI, sTNF-
RIL, sCD163, and hsCRP, among individuals who maintained
weight following ART initiation, being overweight or obese
prior to ART initiation was associated with significantly higher
pre-ART inflammatory marker levels. However, this association
was not observed among individuals who gained weight. Our
data suggest that this is explained by the fact that among in-
dividuals with pre-ART BMI in the normal range, those who
gained weight after ART initiation had significantly higher pre-
ART inflammatory markers, even after adjusting for pre-ART
CD4 count and HIV-1 RNA levels. The interactions between
these variables may help explain some of the discordant find-
ings in the literature to date regarding sex differences in baseline
inflammatory markers [22, 23].

We observed an overall decrease in many markers of in-
flammation and immune activation [4, 34] after effective
therapy for HIV. Important associations between weight
gain and changes in biomarkers over 96 weeks demonstrated

Table 4. Model-based Mean Differences (95% Cl) of Pre-ART Biomarker Concentrations for Participants Who Gained Weight Versus Maintained Weight

Pre-ART BMI Subgroup I-6, log,, pg/mL sTNF-RII, log,, pg/mL

CXCL=10, log,, pg/mL sCD163, log,, ng/mL hsCRE log,, ng/mL

0.26 (.17 to .35)
0.04 (-.06 t0 .13)
-0.08 (-.20 to .05)

0.12 (.07 to .16)
0.01 (-.05 to .06)
—0.06 (-.13 to .01)

Normal weight
Overweight
Obese

0.19 (.11 to .27)
0.07 (-.02 to .15)
0.05 (-.06 to .16)

0.08 (.02 to .14)
0.05 (-.02 to .11)
—-0.05 (-.13 t0 .03)

0.32 (.16 to .48)
0.00 (-.32 t0 .03)
-0.07 (-.29 t0 .16)

Models adjusted for sex, age (by decade), race/ethnicity, pre-ART viral load and CD4 cell count, and ART assignment. Bold text indicates a statistically significant comparison.

Abbreviations: ART, antiretroviral therapy; BMI, body mass index; Cl, confidence interval; hsCRP high-sensitivity C-reactive protein; IL-6, interleukin 6; sTNF-RII, soluble TNF-a receptor 1.
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Figure 1. Estimated biomarker levels before ART initiation. Estimates from final multivariable model with the following inputs across subgroups: age 40—49 years,
white race, non-Hispanic ethnicity, pre-ART CD4 cell count of 272 cells/mm®, pre-ART plasma HIV-1 RNA of 4.65 log,, copies/mL, assigned ART regimen atazanavir/
ritonavir plus emtricitabine/tenofovir disoproxil fumarate, and in models not showing subgroups by sex, male. Abbreviations: ART, antiretroviral therapy; BMI, body mass
index; CXCL-10, C-X-C motif chemokine 10; hsCRP, high-sensitivity C-reactive protein; IL-6, interleukin 6; sCD163, soluble CD163.

differences by sex and pre-ART BMI. Women who gained
weight had smaller declines in biomarkers compared to
women who maintained weight. Men who gained weight
had larger declines in biomarkers than men who maintained
weight. It may be that the pathological processes are different
for men and women. Obese men had higher levels of im-
mune activation pre-ART, and with treatment these tended
to return to baseline. Men who maintained their weight did

not experience a change in their markers of inflammation,

perhaps reflecting a basal status: immune activation is not as
pronounced in men.

Other investigators have evaluated the extent to which
changes in weight influenced changes in inflammation fol-
lowing ART initiation. In a randomized trial of ART initia-
tion in resource-limited settings weight gain was associated
with an attenuated decrease in sCD14 [18]. Similar trends
were seen among several other biomarkers in this study, but
none reached statistical significance. It may be that in the
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Figure 2. A, Estimated differences between weight gainers and maintainers by sex in biomarker level changes from pre-ART to week 96. Estimates from final
multivariable model including the following covariates: race/ethnicity, age (decade), pre-ART CD4 count and plasma HIV-1 RNA, and pre-ART BMI group. B, Estimated
differences between pre-ART BMI category (vs normal BMI) in biomarker level changes from pre-ART to week 96. Estimates from final multivariable model including
the following covariates: sex, race/ethnicity, age (decade), pre-ART CD4 count, and plasma HIV-1 RNA. Differences were significantly larger than normal BMI for IL-6
and hsCRP. Untransformed units for biomarkers were pg/mL for IL-6, sSTNF-RI, and CXCL-10; ug/mL for hsCRP; and ng/mL for sCD163. Abbreviations: ART, antiretroviral
therapy; BMI, body mass index; CXCL-10, C-X-C motif chemokine 10; HIV, human immunodeficiency virus; hsCRP, high-sensitivity C-reactive protein; IL-6, interleukin 6;

sCD163, soluble CD163; sTNF-RI, soluble TNF-a receptor |.

setting of high immune activation, such as in female sex and
as is observed in resource-limited settings [35], fat ensures
that a state of immune activation persists. There are several
potential reasons for this, and they are worthy of investiga-
tion. With respect to fat, we know that estrone is produced
by fat cells, and it is known that estrogens modify the im-
mune response. Recent work implicates the macrophage as
the driver of the immune response in adipocytes [36], and
it is known that estrogen receptor gene expression, which
affects both monocyte and plasmacytoid dendritic cells, is
regulated by estrogens [37].

Our study is not without limitations. This analysis was not de-
signed to evaluate for differences by race and ethnicity. Further,
participants in this study received a variety of initial ART regi-
mens and although a purposeful sampling design was utilized
to avoid confounding of sex by ART regimen, we were not able
to evaluate the association between the various ART regimens
(eg, integrase strand transfer inhibitor vs other) and markers

of immune activation and inflammation in this analysis.
Additionally, dual-energy absorptiometry or computed tomog-
raphy findings were only available on 15% of the participants
so we were unable to determine whether the changes in weight
were due to changes in subcutaneous fat, visceral fat, or muscle.
This is important to note because the distribution of weight

Table 5. Estimated Mean Change From Baseline to Week 96 (95% Cl) for
Participants Who Gained Weight Versus Maintained Weight, by Pre-ART
BMI Category

Pre-ART BMI Subgroup TNF-RII Interaction P= .05

Normal —0.06 (-.10 to —.01)
Overweight 0.01 (-.04 to .06)
Obese 0.03 (-.03 to .10)

Other covariates in the model included sex, age, race/ethnicity, pre-ART CD4 cell count
and plasma HIV-1 viral load, and ART assignment. Bold text indicates a statistically signif-
icant value.

Abbreviations: ART, antiretroviral therapy; BMI, body mass index; Cl, confidence interval;
sTNFRII, soluble TNF-a receptor II.
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Table 6. Predicted Mean Changes From Pre-ART to Week 96 by Subgroups

I-6, log,, pg/mL

hsCRP log,, pg/mL

Women Men
BMI Category Gained Weight Maintained Weight Gained Weight Maintained Weight Women Men
Normal -0.11 -0.16 -0.25 -0.12 0.1 -0.05
Overweight 0.02 -0.03 -0.13 0.01 0.29 0.13
Obese 0.08 0.03 -0.07 0.07 0.32 0.16

Abbreviations: ART, antiretroviral therapy; BMI, body mass index; IL-6, interleukin 6; hsCRP, high-sensitivity C-reactive protein.

gain among these compartments could impact the markers
of inflammation and immune activation. We were not able to
account for tobacco, marijuana, or other drug use in the ma-
jority of participants and this has been associated with chronic
inflammation and immune activation. Also, we did not have
information on diet or physical activity, both of which could
impact changes in weight and inflammation. Finally, we did not
control for sex-specific factors such as use of hormonal contra-
ceptives, hormone replacement therapy, or feminizing hormone
therapy that might impact changes in weight and inflammation.
In spite of these limitations, the measurement of multiple in-
flammatory markers before and after the initiation of ART in
a diverse population contributes to the clinical relevance and
generalizability of these data. Future studies evaluating the as-
sociation between sex and weight gain on inflammation would
be enriched by including this information and also evaluating
for differences by race and ethnicity, as well as ART class given
the differential impacts noted in the current literature.

In summary, our findings are important because they show
that individuals with preexisting excess weight and individ-
uals on a trajectory of weight gain have higher pre-ART levels
of immune activation and coagulation markers. Although
initiating ART is associated with a reduction of immune acti-
vation, women who gain weight experience a slight attenuation
in this reduction. Further research is needed to evaluate the as-
sociations between sex differences in weight gain and changes
in immune activation and clinical outcomes following ART
initiation.
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Supplementary materials are available at The Journal of
Infectious Diseases online. Consisting of data provided by
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