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Background. Cardiovascular and metabolic comorbidities are common in people with HIV (PWH) and are linked to chronic 
inflammation and immune activation. We assessed the effects of semaglutide on plasma markers of immune activation/ 
inflammation that are known to be increased in PWH and are associated with morbidity and mortality in this population.

Methods. We conducted a single-site, randomized, double-blinded, placebo-controlled trial of virologically suppressed, 
nondiabetic PWH ≥18 years of age on stable antiretroviral therapy with body mass index ≥ 25 kg/m2, increased waist 
circumference/waist-to-hip ratio, and subjective increased abdominal girth after antiretroviral therapy initiation (clinicaltrials. 
gov: NCT04019197). Participants were randomized 1:1 to 32 weeks of semaglutide (8-week titration + 24 weeks of 1.0 mg 
weekly subcutaneous injection) or matching placebo. Signed-rank tests were used to determine changes over 32 weeks in 
soluble markers and cellular phenotypes of inflammation/immune activation within groups; semaglutide effects were assessed 
using linear or quantile regression analyses.

Results. A total of 108 participants were enrolled and evenly randomized to semaglutide versus placebo. Eight (15%) in each 
group withdrew prematurely. Thirty-two weeks of semaglutide treatment reduced baseline levels of C-reactive protein, interleukin- 
6, and soluble CD163 (all P < .02) and trended to reduce levels of sCD14 (P = .08). Circulating monocyte proportions and T-cell 
phenotypes were not altered by semaglutide.

Conclusions. In this randomized controlled trial of semaglutide in PWH, we report significant decreases in markers of 
inflammation that are associated with morbidity and mortality in this population. These results add to the growing literature 
demonstrating the anti-inflammatory effects of semaglutide. Further studies in PWH are warranted.
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People with HIV (PWH) often experience cardiometabolic 
complications, including lipohypertrophy, dyslipidemias, in
creased risk of diabetes, and coronary artery disease [1, 2]. 
These comorbidities have been linked to chronic inflammation 
and immune activation. As people age with HIV, changes in 
metabolic indices and persistent inflammation likely contribute 
to an increased risk of age-related comorbidities, including car
diovascular disease (CVD) [3]. Furthermore, PWH also tend to 
have higher rates of dyslipidemia, insulin resistance, alterations 

in gut hormone secretion, and decreases in muscle mass and 
function compared to people without HIV [4–6].

Multiple plasma biomarkers of immune activation and 
inflammation (eg, interleukin-6 [IL-6], high-sensitivity 
C-reactive protein [hsCRP], soluble CD14 [sCD14]) have been 
linked to morbidity and mortality in PWH, including events re
lated to cardiometabolic disease [7–10]. Several clinical studies 
have sought to reduce CVD risk and lower levels of inflamma
tion in PWH, but these studies have had mixed results [11]. 
Recently, the randomized trial to prevent vascular events in 
HIV (REPRIEVE), in which PWH received the lipid-lowering 
agent, pitavastatin, demonstrated that statin treatment reduced 
biomarkers of vascular inflammation [12] and CVD events in 
this population [13]. These results advanced our previous find
ings in Stopping Atherosclerosis and Treating Unhealthy bone 
with RosuvastatiN in HIV (SATURN-HIV) in which PWH re
ceiving rosuvastatin, compared to placebo, had significant de
creases in monocyte activation and inflammation [14, 15]. 
Although these studies provide promising results, further trials 
aimed at reducing cardiometabolic risk in PWH are needed be
cause the REPREIVE study did not completely reduce the elevat
ed risk of CVD events in PWH.
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Glucagon-like peptide 1 receptor agonists reduce weight and 
improve insulin sensitivity in the general population [16–18]. 
These molecules, including semaglutide, stimulate the glucose- 
dependent release of insulin from pancreatic islets, which in
hibits glucagon release and slows gastric emptying. Recently, 
in a placebo-controlled trial, we reported that 32 weeks of sem
aglutide resulted in significant decreases in abdominal visceral 
(β −30.82 cm², 95% confidence interval [CI], −50.13 to −11.51; 
% change −30.6%) and subcutaneous (β −42.01 cm², 95% CI, 
−75.49 to −8.52; % change −11.2%) adipose tissue (AT) and 
in total body fat (natural logarithmic −0.21 kg, 95% CI, 
−0.33 to −0.08; % change −18.9%) among PWH with 
HIV-associated lipohypertrophy [19]. We also reported im
provements in measures of glucose metabolism and insulin re
sistance (ie, HbA1C, insulin, and homeostatic model of insulin 
resistance) and decreases in very-low-density lipoprotein cho
lesterol and triglycerides and an increase in high-density lipo
protein cholesterol in participants receiving semaglutide [19]. 
Here, we present the preplanned outcomes of 32 weeks of sem
aglutide treatment on plasma markers of inflammation and on 
immune cell populations in PWH with HIV-associated 
lipohypertrophy.

MATERIAL AND METHODS

Study Design

This is a randomized, double-blind, placebo-controlled phase IIb 
clinical trial approved by the institutional review board of 
University Hospitals of Cleveland (IORG000040; clinicaltrials. 
gov: NCT04019197). As previously described [19], participants 
with HIV-associated lipohypertrophy were enrolled at a 
single site (University Hospitals Cleveland Medical Center, 
Cleveland, Ohio, USA) and were randomized to receive 32 weeks 
of once-weekly subcutaneous (SC) semaglutide or matching 
placebo. Study statistician (A.S.) provided randomization alloca
tion sequences generated from an online software program 
(sealedenvelope.com) with a 1:1 ratio and block size of 6; key 
personnel, study staff, participants, and participants’ medical 
providers were masked to treatment assignment. Participants re
ceived study drug free of charge.

Participants

Inclusion and exclusion criteria have been described previously 
[19], but, in brief, eligible participants were ≥18 years old with 
documented HIV-1 infection, cumulative antiretroviral thera
py (ART) duration ≥1 year, receiving a stable ART regimen 
for ≥12 weeks, and HIV-1 RNA <400 copies/mL for ≥6 
months before entry. Participants required subjective observa
tion of increased abdominal girth occurring after ART initia
tion, and designated cutoffs for waist circumference and 
waist-to-hip ratio of >95 cm and >0.94 cm, respectively, for 
men, and >94 cm and >0.88 cm, respectively, for women. 

Participants had to have a body mass index ≥25 kg/m2. 
Known history of diabetes or CVD was exclusionary.

Procedures

Qualifying participants entered an initial 4-week lead-in 
screening phase consisting of weekly study visits (weeks −4, 
−3, −2, −1). At each visit, participants underwent targeted 
physical examinations, completed detailed dietary and physical 
activity questionnaires, and received standardized dietary and 
physical activity advice from a registered clinical dietician. 
This phase was designed to assess stability of lifestyle habits, an
thropometric measurements, and ability to complete study re
quirements and adhere to weekly study visits.

As previously detailed [19], participants who successfully 
completed screening were enrolled into the interventional 
phase and randomized to receive semaglutide or matching pla
cebo (week 0/entry). During the titration phase, participants 
were given weekly 0.25 mg SC semaglutide injections for 4 
weeks, followed by weekly 0.5 mg SC semaglutide injections 
(or matching placebo) for another 4 weeks. After the titration 
phase, participants received 1.0 mg SC semaglutide weekly 
for 24 weeks or matching placebo. At the time of study initia
tion, June 2019, this was the Food and Drug Administration– 
approved dose for semaglutide.

Plasma Biomarker Measurements

Plasma was isolated from blood samples collected in EDTA an
ticoagulant tubes and were stored at −80 °C and batched until 
processing without a prior thaw. Then, using an enzyme-linked 
immunosorbent assay, we measured the following plasma bio
markers: sCD14, soluble CD163 (sCD163), tumor necrosis fac
tor receptors I and II, vascular and intercellular cell adhesion 
molecule 1 (VCAM-1 and ICAM-1), hsCRP, and IL-6, all 
from R & D Systems, Minneapolis, Minnesota. Oxidized low- 
density lipoprotein (oxidized LDL) and D-dimer levels were 
also measured by enzyme-linked immunosorbent assay 
(Mercodia, Uppsala, Sweden, and Diagnostic Stago Inc., 
Parsippany, NJ, respectively). The intra-assay variability ranged 
between 4% and 8% and inter-assay variability was less than 
10% for all markers. All assays were performed in Dr. 
Funderburg’s laboratory at Ohio State University, Columbus, 
Ohio, and laboratory personnel were blinded to group 
assignments.

Flow Cytometry

Cellular markers of immune activation were measured on cryo
preserved peripheral blood mononuclear cells by flow cytome
try using a Miltenyi MACSQuant flow cytometer (Miltenyi 
Biotec, Bergisch Gladbach, Germany). Monocyte subsets were 
identified based on CD14 and CD16 expression, including 
CD14+ CD16+ (inflammatory) and CD14dim CD16+ (patrol
ling) monocytes, and were quantified as a percentage of the 
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overall monocyte population. Activated CD4+ and CD8+ lym
phocytes expressing both CD38 and human leukocyte antigen 
(HLA)-DR were quantified as a percentage of the overall CD4+ 

and CD8+ lymphocyte population, respectively. Senescence/ex
haustion was measured among T cells based on expression of 
CD28 and CD57 (CD28–CD57+) and on positive expression 
of PD-1.

Statistical Analyses

After rigorous data quality checks using descriptive analyses 
and graphs, we plotted biomarkers for visualization over the 
study period. Many of the inflammatory biomarkers differed 
between the 2 groups (semaglutide vs placebo) at baseline. 
Depending on the distribution of the data, we used either linear 
regression or quantile (median) regression models to estimate 
the effect of semaglutide on the outcome variables or biomark
ers. Because of the differences in biomarkers at baseline, we 
controlled for heterogeneities by adding baseline values of the 
outcome variables as covariates. We also controlled for known 
confounding covariates such as age, sex, and smoking status in 
the regression analyses. All analyses were performed using 
intention-to-treat principles based on randomized treatment 
assignment, including all available data. Between-group com
parisons were conducted using either 2-sample t-tests or 
Wilcoxon rank-sum tests, as appropriate. We used statistical 
software Stata 18.0 for all quantitative analyses and R 4.3.3 
for graphing.

RESULTS

Potential participants were screened for eligibility (N = 154), 
and 108 participants were enrolled and randomized to receive 
semaglutide or placebo. Eight participants in each group with
drew from the study before the 32-week endpoint. Participant 
demographic and clinical information have been described in 
detail previously [19] and are in Table 1. All but 1 participant 
had ART-suppressed HIV-1 viremia (HIV RNA <400 copies/ 
mL) at baseline, and all participants achieved and maintained 
viral suppression during the trial. Representation of ART regi
mens is listed in Table 1. Study arms were generally similar on 
demographic and clinical indices, but the semaglutide arm had 
a greater proportion of men (70% to 50%, Table 1) and the pla
cebo group had a greater proportion of current smokers (43% 
to 28%, Table 1). There were no differences in statin use by par
ticipants between arms and treatment had no significant effect 
on dietary changes (as measured by energy intake, P > .80, not 
shown). We have previously reported that semaglutide reduced 
total body fat, trunk/abdominal fat, limb fat, and weight in this 
study population [19].

Profiles of circulating immune cells and levels of plasma mark
ers of immune cell and endothelial cell activation, inflammation, 
and coagulation were generally similar between arms at baseline 

(Supplementary Table 1 and Table 2), but levels of hsCRP, IL-6, 
and sICAM-1 were all higher in the placebo group compared to 
levels in the semaglutide group. Proportions of monocyte subsets 
(CD14+CD16−, CD14+CD16+, and CD14DimCD16+) and propor
tions of activated (CD38+HLA-DR+) and senescent/exhausted 
(CD57+CD28− or PD-1+) CD4+ and CD8+ T cells did not change 
in either arm over 32 weeks (Supplementary Table 2). Treatment 
with semaglutide resulted in significant decreases in the absolute 
levels of hsCRP (−1.17 µg/mL, P = .008, −47.73%, P = .05), IL-6 
(−0.39 pg/mL, P = .016, −17.73%, P = .15) and sCD163 
(−61.3 ng/mL, P = .005, −9.54%, P = .014. Figure 1A-C). 
Absolute levels of sCD14 (−130.83 ng/mL, P = .08, −8.63%, 
P = .27) and oxidized LDL (−4.29 U/mL, P = .126, −9.07%, 
P = .28) tended to decrease with semaglutide treatment but 
these changes did not reach statistical significance (Table 3). 
After performing a Benjamini-Hochberg correction for mul
tiple comparisons, changes in hsCRP, IL-6, and sCD163 re
mained significant within the semaglutide arm. Both the 
absolute change and percentage change of hsCRP were signif
icantly different following 32 weeks of treatment with sema
glutide compared to treatment with placebo. We did not 
detect a significant change in CD4+ T cells in either study 
arm. There were no significant changes in other biomarkers 
within the semaglutide arm, and no biomarkers changed 
significantly in the placebo arm. After stratification according 

Table 1. Demographic and Clinical Information on Study Participants

Semaglutide  
(n = 54)

Placebo  
(n = 54)

Demographics

Age, y 53 (40, 57) 53 (41, 57)

On statins

No 52 (96.30%) 50 (92.59%)

Yes 2 (3.70%) 4 (7.41%)

Smoking

Never/past 39 (72.22%) 31 (57.41%)

Current 15 (27.78%) 23 (42.59%)

Sex

Male 38 (70.0%) 27 (50.0%)

Female 16 (30%) 27 (50.0%)

Race

Black 33 (61.1%) 34 (60.0%)

White 20 (37.0%) 18 (33.3%)

Biracial 0 (0.0%) 2 (3.7%)

Native American 1 (1.9%) 0 (0.0%)

Hispanic ethnicity 4 (7.0%) 5 (9.0%)

HIV variables

CD4+ T-cell count, cells/µL 826 (407, 1058) 793 (579, 994)

HIV duration, mo 203 (118, 305) 226 (155, 282)

Antiretroviral therapy duration, mo 168 (98, 230) 148 (98, 198)

Current INSTI use 45 (83.0%) 43 (80.0%)

Current protease inhibitor use 10 (19.0%) 8 (15.0%)

Current tenofovir alafenamide use 43 (80.0%) 37 (69.0%)

Abbreviation: INSTI, integrase strand transfer inhibitors.
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to the baseline median hsCRP, there were significant changes 
in IL-6 and sCD163 in the above-median group from base
line, and this change in IL-6 was statistically significantly 
greater than the change in IL-6 in the below-median in 
the treatment group (Table 4). Following correction for mul
tiple comparisons, changes in IL-6 and sCD163 remained sig
nificant in the semaglutide group with high baseline hsCRP 
levels.

Treatment effects of semaglutide were significant in regres
sion analyses (β coefficient [95% CI]) for log hsCRP (−0.51 
[−0.87, −0.15]; P = .006) with trends in log IL-6 (−0.21 
[−0.44, 0.02]; P = .074) and log sCD14 (−0.07 [−0.19, 0.04]; 
P = .186). Because of differences in the study arms at baseline 
(ie, age, sex, smoking status), we adjusted for these values, 
and following adjustment, the effect of semaglutide treatment 
on hsCRP remained significant (Table 5). There were no signif
icant correlations between changes in hsCRP and changes in 
weight or changes in abdominal visceral adipose tissue 
(VAT) (Supplementary Tables 3A and 3B), however, we did 
find that changes in VAT were associated with changes in 
IL-6 (β = –0.02; 95% CI, −0.03 to −0.004; P = .012), but this as
sociation was insignificant in the semaglutide group in a sub
group analysis. We also performed mediation analyses by 
focusing specifically on the natural indirect effects of changes 
in inflammatory markers and changes in glucose, HbA1c, 
and insulin and none of the natural indirect effects were statisti
cally significant, suggesting that changes in these markers were 
not associated with changes in inflammatory markers in this 
study.

DISCUSSION

People with HIV are at increased risk of cardiometabolic dis
eases (eg, obesity, atherosclerosis, type 2 diabetes [T2D]) com
pared to people without HIV (PWoH) and several studies are 

aimed at reducing this risk. We have reported previously that 
semaglutide reduced waist circumference and abdominal vis
ceral and subcutaneous fat in this study population [19]. An 
open-label trial of semaglutide in PWH reported improvement 
in intrahepatic triglycerides and a reduction in metabolic 
dysfunction-associated steatotic liver disease in study partici
pants [20]. A retrospective study also demonstrated that 
GLP-1RAs reduced weight, body mass index and HbA1c in 
PWH [21]. Alterations in metabolic profiles and persistent in
flammation likely contribute to increased CVD risk in PWH 
and here, we report for the first time, in a randomized placebo- 
controlled trial of semaglutide, a glucagon-like peptide-1 
(GLP-1) receptor agonist, can reduce markers of inflammation 
in PWH. Levels of hsCRP and IL-6 are related to all-cause mor
tality in this population [8]; levels of sCD163 are associated 
with vascular inflammation in PWH [22]. C-reactive protein 
is an acute-phase reactant that is elevated in metabolic syn
drome and T2D, and it has been linked to CVD risk and mor
tality in PWoH, with levels above 3 µg/mL indicating high 
risk [23]. Multiple human and animal model studies have dem
onstrated anti-inflammatory effects of GLP-1 inhibitors, in
cluding decreased levels of IL-6, IL-1β, TNFα, and reactive 
oxygen species during treatment; these effects may be due to 
modulation of inflammatory signaling pathways, including 
PPAR-α and nuclear factor-κB, by GLP-1RAs [24]. Studies of 
semaglutide in PWoH who were obese/overweight [25] or 
had T2D [26] report similar changes in levels of CRP during 
semaglutide treatment, and changes in CRP in these studies 
were related to changes in HbA1c and or body weight. The me
dian value of hsCRP in the semaglutide arm in this study was 
4.04 µg/mL, indicating many participants were at elevated 
CVD risk based on hsCRP levels. Not surprisingly, changes 
in levels of IL-6 were greater in participants who had baseline 
levels of hsCRP greater than the median compared to IL-6 
changes in individuals with lower levels of hsCRP.

Table 2. Baseline Characteristics of Inflammatory Markers in 2 Groups

Semaglutide (n = 54) Placebo (n = 54) P a BH

hsCRP, µg/mL 3.73 (1.60–7.04) 5.23 (2.66–9.46) .01b 0.02

IL-6, pg/mL 2.52 (1.46–3.76) 3.33 (2.16–5.02) .02b 0.04

sICAM-1, ng/mL 234.92 (194.11–262.55) 253.04 (205.00–335.65) .04b 0.06

sCD14, ng/mL 1618.15 (1404.96–2024.07) 1895.51 (1577.47–2129.98) .13 0.08

sCD163, ng/mL 588.90 (461.40–695.61) 622.95 (469.10–961.60) .20 0.10

sVCAM-1, ng/mL 736.79 (643.68–880.07) 681.31 (619.00–824.68) .29 0.12

sTNFR-I, ng/mL 0.86 (0.70–1.16) 0.99 (0.74–1.16) .34 0.14

D-dimer, µg/mL 0.31 (0.19–0.51) 0.38 (0.27–0.54) .49 0.16

sTNFR-II, ng/mL 2.26 (2.01–2.89) 2.41 (1.99–2.86) .57 0.18

oxLDL, U/L 57.79 (45.15–78.87) 58.73 (46.49–81.31) .92 0.20

P values were obtained from either 2-sample t-tests or Wilcoxon rank-sum tests.

Abbreviations: BH, Benjamini-Hochberg; hsCRP, high-sensitivity C-reactive protein; IL-6, interleukin 6; oxLDL, oxidized low-density lipoprotein; sICAM, soluble intercellular cell adhesion 
molecule 1; sTNFR, soluble tumor necrosis factor receptor; sVCAM, soluble vascular cell adhesion molecule 1.
at-test or rank-sum test was applied to continuous variables depending on the distribution.
bSignificant P values after BH false discovery rate 0.20 correction.
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Figure 1. Semaglutide treatment reduces levels of inflammation and monocyte activation in PWH. Levels of (A) high-sensitivity C-reactive protein (hsCRP), (B) interleukin-6 
(IL-6), and (C) soluble CD163 (sCD163) were measured by enzyme-linked immunosorbent assay (ELISA) in participants receiving semaglutide (N = 54) or placebo (N = 54) at 
baseline and week 32. The box plot shows the 5-number summary of a set of data. The hollow circles in the plot represent outliers that fall outside 1.5 times the interquartile 
range (IQR) from the quartiles. The whiskers extend to the smallest and largest values within 1.5 times the IQR from the first and third quartiles, respectively. The bottom of 
the box shows the first quartile (the value at 25% of the data). There is a black line in the middle of the box, which is the median of the data. The top of the box displays the 
third quartile (the value at 75% of the data).
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Other studies have sought to reduce chronic inflammation 
and cardiometabolic risk in PWH with various therapeutic in
terventions. Results from the REPRIEVE trial show that pita
vastatin treatment significantly reduced CVD events in PWH 
[13] but had modest effects on inflammatory biomarkers, 

with significant reductions in the vascular inflammation mark
er lipoprotein-associated phospholipase A2 and oxidized LDL 
at 24 months, but no significant reduction in IL-6, hsCRP, or 
sCD163 [12]. We previously reported that rosuvastatin treat
ment reduced oxidized LDL [27] and lipoprotein-associated 

Table 3. Absolute and Percent Changes in the Inflammatory Markers Over the 32-week Study Period

Semaglutide Placebo

Median (IQR) P b Median (IQR) P b P a BH

A. Absolute changes over 32 wkc

hsCRP, µg/mL −1.17 (−3.09–0.15) .01d −0.11 (−1.30 to 2.37) .81 .02 0.02

sCD163, ng/mL −61.30 (−162.44–35.78) .00d −15.23 (−107.35 to 79.16) .75 .06 0.04

IL-6, pg/mL −0.39 (−1.62–0.30) .02d −0.25 (−1.66 to 0.74) .25 .43 0.06

sTNFR-II, ng/mL −0.16 (−0.70–0.35) .39 0.07 (−0.68 to 0.70) .81 .47 0.08

D-dimer, µg/mL 0.05 (−0.14–0.19) .45 0.02 (−0.12 to 0.14) .95 .53 0.10

sCD14, ng/mL −130.83 (−446.01–136.27) .09 −106.11 (−364.40 to 296.23) .36 .62 0.12

sVCAM-1, ng/mL 2.44 (−94.83–81.83) .78 −21.21 (−68.58 to 93.50) .74 .65 0.14

oxLDL, U/L −4.29 (−21.38 to 7.42) .13 2.16 (−20.14 to 14.75) .74 .82 0.16

sICAM-1, ng/mL −4.99 (−36.54 to 33.00) .85 −6.85 (−36.64 to 31.19) .63 .82 0.18

sTNFR-I, ng/mL −0.07 (−0.23 to 0.19) .58 −0.06 (−0.24 to 0.16) .63 .96 0.20

B. % Changes over 32 wkc

hsCRP, µg/mL −47.73 (−66.77 to 10.88) .05 −8.74 (−46.29 to 35.86) .69 .04 0.02

sCD163, ng/mL −9.54 (−26.14 to 4.06) .01d −2.47 (−18.85 to 10.81) .89 .07 0.04

sTNFR-II, ng/mL −8.30 (−28.19 to 19.49) .69 2.52 (−25.87 to 37.77) .33 .31 0.06

oxLDL, U/L −9.07 (−28.03 to 14.60) .28 3.39 (−26.19 to 29.21) .73 .37 0.08

IL-6, pg/mL −17.73 (−39.94 to 20.03) .15 −11.55 (−40.86 to 25.02) .41 .56 0.10

sVCAM-1, ng/mL 0.38 (−11.43 to 11.71) .68 −3.48 (−10.68 to 11.69) .80 .61 0.12

sCD14, ng/mL −8.63 (−21.60 to 8.10) .27 −5.48 (−19.40 to 16.16) .93 .64 0.14

D-dimer, µg/mL 14.96 (−32.77 to 86.40) .05 7.17 (−29.81 to 59.15) .20 .65 0.16

sICAM-1, ng/mL −2.93 (−18.89 to 14.33) .86 −3.41 (−14.61 to 16.10) .76 .74 0.18

sTNFR-I, ng/mL −7.50 (−20.56 to 28.45) .88 −6.08 (−19.62 to 24.70) .98 .92 0.20

Abbreviations: BH, Benjamini-Hochberg; hsCRP, high-sensitivity C-reactive protein; IL-6, interleukin 6; oxLDL, oxidized low-density lipoprotein; sICAM, soluble intercellular cell adhesion 
molecule 1; sTNFR, soluble tumor necrosis factor receptor; sVCAM, soluble vascular cell adhesion molecule 1.
aBetween group P values.
bWithin group P values.
cThe absolute changes were computed as (week 32 – baseline) and the percentage changes were computed as ((week 32 – baseline)/baseline)×100.
dSignificant P values after BH false discovery rate 0.20 correction.

Table 4. Effects of Semaglutide on the Inflammation Markers for Those Above vs Below the Median hsCRP (4.04 µg/mL) at Baseline

Above Median hsCRP Group (P) Below Median hsCRP Group (P)
Between Group P BH

N = 24 N = 30

IL-6, pg/mL −1.27 (−2.35 to 0.14) .01a 0.06 (−0.58 to 0.49) .95 .01a 0.02

sCD163, ng/mL −96.66 (−152.55 to 11.05) .00a −24.15 (−162.44 to 44.14) .34 .20 0.04

oxLDL, U/L −7.65 (−21.38 to 7.42) .14 −2.71 (−17.51 to 6.97) .68 .36 0.07

D-dimer, µg/mL 0.00 (−0.15 to 0.09) .99 0.05 (−0.10 to 0.23) .31 .43 0.09

sCD14, ng/mL −158.82 (−522.90 to 309.25) .11 −30.65 (−199.45 to 98.73) .37 .43 0.11

sTNFR-I, ng/mL −0.09 (−0.21 to 0.16) .32 −0.05 (−0.23 to 0.19) .97 .55 0.13

sVCAM-1, ng/mL −10.12 (−94.83 to 70.79) .79 15.17 (−86.01 to 81.83) .68 .60 0.16

sICAM-1, ng/mL −11.82 (−39.45 to 33.00) .66 −4.47 (−30.24 to 32.20) .95 .70 0.18

sTNFR-II, ng/mL −0.20 (−0.54 to 0.22) .29 0.05 (−0.71 to 0.36) .66 .80 0.20

Abbreviations: BH, Benjamini-Hochberg; hsCRP, high-sensitivity C-reactive protein; IL-6, interleukin 6; oxLDL, oxidized low-density lipoprotein; sICAM, soluble intercellular cell adhesion 
molecule 1; sTNFR, soluble tumor necrosis factor receptor; sVCAM, soluble vascular cell adhesion molecule 1.
aSignificant P values after BH false discovery rate 0.20 correction.
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phospholipase A2 levels in PWH, as well as decreasing levels of 
the monocyte activation marker sCD14 and IP-10 [14, 15]. 
Furthermore, rosuvastatin treatment also reduced expression 
of the procoagulant molecule tissue factor on “patrolling” 
CD14DimCD16+ monocytes and decreased CD8+ and CD4+ 

T-cell activation (CD38 and HLA-DR) [14]. The magnitude of 
reduction in hsCRP levels reported here (−1.17 µg/mL) is similar 
to the reduction reported in a trial of IL-6 receptor blockade by 
tocilizumab (TCZ) in PWH (−1.82 µg/mL) [28]. The TCZ trial 
also reported decreases in several other plasma markers of im
mune activation/inflammation (eg, sCD14, D-dimer, TNFRI 
and II) that have been linked to morbidity and mortality in 
PWH [8, 29] but TCZ also caused dramatic changes in lipid pro
files among participants. Much like our results here, the TCZ tri
al had minimal effects on T-cell activation profiles. These results 
demonstrate the complex mechanisms that are likely to contrib
ute to inflammation and cardiometabolic disease in PWH and 
further study is warranted.

Although the changes in several markers of inflammation 
following semaglutide treatment are of interest, this study has 
some limitations that should be considered. First, the trial 
was of a relatively short duration (32 weeks), which may be in
sufficient for measurement of robust changes in cellular activa
tion or all circulating biomarkers of inflammation. The 
semaglutide arm also had lower baseline levels of hsCRP, 
IL-6, and sICAM-1 compared to levels in the placebo group. 
Furthermore, although we recognize comparing indices of im
mune activation across studies may not be ideal, levels of T-cell 
activation and proportions of CD16+ monocyte subset propor
tions were lower in this study compared to levels we have re
ported in other studies [14, 30, 31], potentially limiting the 
likelihood for measurement of significant decreases in these in
dices. Finally, while only a small proportion of study 

participants were on statins (3.7% in the semaglutide arm, 
7.4% in the placebo arm), future studies should consider the 
potential additive effects of semaglutide on inflammation and 
immune activation among PWH receiving statin therapy. 
Overall, the significant decreases in levels of hsCRP, IL-6, and 
sCD163 reported here are intriguing and potentially biologi
cally important, but we cannot infer a potential clinical benefit 
among participants receiving semaglutide. Future studies of 
GLP-1RAs in PWH should be considered, including those 
aimed at understanding the mechanisms related to semagluti
de’s anti-inflammatory effects, whether it improves the concen
tration and composition of lipid classes or individual lipid 
species, and assessments of the long-term effects of 
GLP-1RAs on immune function, cardiovascular risk, and cog
nitive function in PWH should be considered.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 

online. Consisting of data provided by the authors to benefit the reader, the 
posted materials are not copyedited and are the sole responsibility of the 
authors, so questions or comments should be addressed to the correspond
ing author.

Notes
Author Contributions. All authors reviewed the manuscript and figures. 

G.M. and A.E. designed the study and obtained funding. Q.W. and A.S. 
provided statistical support. M.C. and K.A. provided technical support 
and performed laboratory assays.

Financial support. This work was supported by the National Institutes of 
Health (NIH; R01DK121619 to G.A.M. and A.R.E.) and from the Clinical 
and Translational Science Collaborative (CTSC) of Northern Ohio 
(UM1TR004528 to G.A.M.), which is funded by the National Institutes 
of Health, National Center for Advancing Translational Sciences. Its con
tents are solely the responsibility of the authors and do not necessarily rep
resent the official views of the NIH.

Potential conflicts of interests. N.F. has received research funding from 
Gilead unrelated to this project. G.A.M. served as a consultant for Merck, 
Gilead, and ViiV/GSK. A.R.E. served as an advisor for Gilead Sciences and 
Theratechnologies. All other authors report no potential conflicts.

References
1. Batterham RL, Bedimo RJ, Diaz RS, et al. Cardiometabolic health in people with 

HIV: expert consensus review. J Antimicrob Chemother 2024; 79:1218–33.
2. Lake JE, Stanley TL, Apovian CM, et al. Practical review of recognition and man

agement of obesity and lipohypertrophy in human immunodeficiency virus infec
tion. Clin Infect Dis 2017; 64:1422–9.

3. Dirajlal-Fargo S, Funderburg N. HIV and cardiovascular disease: the role of in
flammation. Curr Opin HIV AIDS 2022; 17:286–92.

4. Addy CL, Gavrila A, Tsiodras S, Brodovicz K, Karchmer AW, Mantzoros CS. 
Hypoadiponectinemia is associated with insulin resistance, hypertriglyceridemia, 
and fat redistribution in human immunodeficiency virus-infected patients treated 
with highly active antiretroviral therapy. J Clin Endocrinol Metab 2003; 88: 
627–36.

5. Kousari A, Moser C, Olefsky M, et al. Poorer muscle quality and quantity with 
ART initiation is associated with greater inflammation and immune activation. 
J Acquir Immune Defic Syndr 2021; 88:399–405.

6. Mulligan K, Grunfeld C, Tai VW, et al. Hyperlipidemia and insulin resistance are 
induced by protease inhibitors independent of changes in body composition in 
patients with HIV infection. J Acquir Immune Defic Syndr 2000; 23:35–43.

7. Sandler NG, Wand H, Roque A, et al. Plasma levels of soluble CD14 independent
ly predict mortality in HIV infection. J Infect Dis 2011; 203:780–90.

8. Kuller LH, Tracy R, Belloso W, et al. Inflammatory and coagulation biomarkers 
and mortality in patients with HIV infection. PLoS Med 2008; 5:e203.

Table 5. Effects of Semaglutide on the Inflammation Markers by Linear/ 
Median Regression Adjusting for Baseline Outcome Values, Age, Sex, and 
Smoking

Coef. (β) SE (β) P Value 95% CI BH % change

hsCRP, µg/mL −0.51 0.18 .01a −.87 to −.15 0.02 −39.92

sCD163, ng/mL −0.13 0.07 .05 −0.26 to .001 0.04 −12.10

IL-6, pg/mL −0.21 0.12 .07 −.44 to .02 0.06 −18.84

sCD14, ng/mL −0.07 0.06 .19 −.19 to .04 0.08 −7.22

oxLDL, U/L −0.11 0.08 .19 −.27 to .06 0.10 −10.30

sTNFR-II, ng/mL −0.09 0.07 .20 −.23 to .05 0.12 −8.71

D-dimer, µg/mL 0.10 0.12 .41 −.14 to .33 0.14 10.36

sVCAM-1, ng/mL 0.01 0.04 .75 −.07 to .09 0.16 1.28

sTNFR-I, ng/mL −0.01 0.06 .91 −.13 to .12 0.18 −0.70

sICAM-1, ng/mL −0.001 0.05 .98 −.10 to .09 0.20 −0.14

Abbreviations: BH, Benjamini-Hochberg; hsCRP, high-sensitivity C-reactive protein; IL-6, 
interleukin 6; oxLDL, oxidized low-density lipoprotein; sICAM, soluble intercellular cell 
adhesion molecule 1; sTNFR, soluble tumor necrosis factor receptor; sVCAM, soluble 
vascular cell adhesion molecule 1.
aNo significant P values after BH false discovery rate 0.20 correction.

The Effects of Semaglutide on Inflammation and Immune Activation in HIV-associated Lipohypertrophy • OFID • 7

D
ow

nloaded from
 https://academ

ic.oup.com
/ofid/article/12/4/ofaf152/8088019 by IN

R
IA R

ennes user on 25 February 2026

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaf152#supplementary-data


9. Brown TT, Tassiopoulos K, Bosch RJ, Shikuma C, McComsey GA. Association 
between systemic inflammation and incident diabetes in HIV-infected patients af
ter initiation of antiretroviral therapy. Diabetes Care 2010; 33:2244–9.

10. Longenecker CT, Jiang Y, Orringer CE, et al. Soluble CD14 is independently as
sociated with coronary calcification and extent of subclinical vascular disease in 
treated HIV infection. AIDS 2014; 28:969–77.

11. Kettelhut A, Bowman E, Funderburg NT. Immunomodulatory and anti- 
inflammatory strategies to reduce comorbidity risk in people with HIV. Curr 
HIV/AIDS Rep 2020; 17:394–404.

12. Lu MT, Ribaudo H, Foldyna B, et al. Effects of pitavastatin on coronary artery dis
ease and inflammatory biomarkers in HIV: mechanistic substudy of the 
REPRIEVE randomized clinical trial. JAMA Cardiol 2024; 9:323–34.

13. Grinspoon SK, Fitch KV, Zanni MV, et al. Pitavastatin to prevent cardiovascular 
disease in HIV infection. N Engl J Med 2023; 389:687–99.

14. Funderburg NT, Jiang Y, Debanne SM, et al. Rosuvastatin reduces vascular in
flammation and T-cell and monocyte activation in HIV-infected subjects on an
tiretroviral therapy. J Acquir Immune Defic Syndr 2015; 68:396–404.

15. Funderburg NT, Jiang Y, Debanne SM, et al. Rosuvastatin treatment reduces 
markers of monocyte activation in HIV-infected subjects on antiretroviral thera
py. Clin Infect Dis 2014; 58:588–95.

16. Davies M, Faerch L, Jeppesen OK, et al. Semaglutide 2.4 mg once a week in adults 
with overweight or obesity, and type 2 diabetes (STEP 2): a randomised, double- 
blind, double-dummy, placebo-controlled, phase 3 trial. Lancet 2021; 397:971–84.

17. Kadowaki T, Isendahl J, Khalid U, et al. Semaglutide once a week in adults with 
overweight or obesity, with or without type 2 diabetes in an east Asian population 
(STEP 6): a randomised, double-blind, double-dummy, placebo-controlled, phase 
3a trial. Lancet Diabetes Endocrinol 2022; 10:193–206.

18. Sorli C, Harashima SI, Tsoukas GM, et al. Efficacy and safety of once-weekly sem
aglutide monotherapy versus placebo in patients with type 2 diabetes (SUSTAIN 
1): a double-blind, randomised, placebo-controlled, parallel-group, multination
al, multicentre phase 3a trial. Lancet Diabetes Endocrinol 2017; 5:251–60.

19. Eckard AR, Wu Q, Sattar A, et al. Once-weekly semaglutide in people with 
HIV-associated lipohypertrophy: a randomised, double-blind, placebo-controlled 
phase 2b single-centre clinical trial. Lancet Diabetes Endocrinol 2024; 12:523–34.

20. Lake JE, Kitch DW, Kantor A, et al. The effect of open-label semaglutide on met
abolic dysfunction-associated steatotic liver disease in people with HIV. Ann 
Intern Med 2024; 177:835–8.

21. Nguyen Q, Wooten D, Lee D, et al. Glucagon-like peptide 1 receptor agonists pro
mote weight loss among people with HIV. Clin Infect Dis 2024; 79:978–82.

22. Subramanian S, Tawakol A, Burdo TH, et al. Arterial inflammation in patients 
with HIV. JAMA 2012; 308:379–86.

23. Ridker PM. Clinical application of C-reactive protein for cardiovascular disease 
detection and prevention. Circulation 2003; 107:363–9.

24. Mehdi SF, Pusapati S, Anwar MS, et al. Glucagon-like peptide-1: a multi-faceted 
anti-inflammatory agent. Front Immunol 2023; 14:1148209.

25. Verma S, Bhatta M, Davies M, et al. Effects of once-weekly semaglutide 2.4 mg on 
C-reactive protein in adults with overweight or obesity (STEP 1, 2, and 3): explor
atory analyses of three randomised, double-blind, placebo-controlled, phase 3 tri
als. EClinicalMedicine 2023; 55:101737.

26. Mosenzon O, Capehorn MS, De Remigis A, Rasmussen S, Weimers P, Rosenstock 
J. Impact of semaglutide on high-sensitivity C-reactive protein: exploratory 
patient-level analyses of SUSTAIN and PIONEER randomized clinical trials. 
Cardiovasc Diabetol 2022; 21:172.

27. Hileman CO, Turner R NTF, Semba RD, McComsey GA. Changes in oxidized lip
ids drive the improvement in monocyte activation and vascular disease after statin 
therapy in HIV. AIDS 2016; 30:65–73.

28. Funderburg NT, Shive CL, Chen Z, et al. Interleukin 6 blockade with tocilizumab 
diminishes indices of inflammation that are linked to mortality in treated human 
immunodeficiency virus infection. Clin Infect Dis 2023; 77:272–9.

29. Kalayjian RC, Machekano RN, Rizk N, et al. Pretreatment levels of soluble cellular 
receptors and interleukin-6 are associated with HIV disease progression in subjects 
treated with highly active antiretroviral therapy. J Infect Dis 2010; 201:1796–805.

30. Funderburg NT, Zidar DA, Shive C, et al. Shared monocyte subset phenotypes in 
HIV-1 infection and in uninfected subjects with acute coronary syndromes. Blood 
2012; 120:4599–608.

31. Funderburg NT, Andrade A, Chan ES, et al. Dynamics of immune reconstitution 
and activation markers in HIV + treatment-naive patients treated with raltegravir, 
tenofovir disoproxil fumarate and emtricitabine. PLoS One 2013; 8:e83514.

8 • OFID • Funderburg et al

D
ow

nloaded from
 https://academ

ic.oup.com
/ofid/article/12/4/ofaf152/8088019 by IN

R
IA R

ennes user on 25 February 2026


	The Effects of Semaglutide on Inflammation and Immune Activation in HIV-associated Lipohypertrophy
	MATERIAL AND METHODS
	Study Design
	Participants
	Procedures
	Plasma Biomarker Measurements
	Flow Cytometry
	Statistical Analyses

	RESULTS
	DISCUSSION
	Supplementary Data
	Notes
	References




