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Patterns of Antiretroviral Therapy Use and Immunologic 
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Background.  Patterns of antiretroviral therapy (ART) use and immunologic correlates vary globally, and contemporary trends 
are not well described.

Methods.  The REPRIEVE trial (Randomized Trial to Prevent Vascular Events in HIV) enrolled persons with human immuno-
deficiency virus (HIV) who were aged 40–75 years, receiving ART, and had low-to-moderate cardiovascular disease risk. ART use 
was summarized within Global Burden of Disease (GBD) super-regions, with adjusted linear and logistic regression analyses exam-
ining associations with immune parameters and key demographics.

Results.  A total of 7770 participants were enrolled, with a median age of 50 years (interquartile range, 45–55 years); 31% were 
female, 43% were black or African American, 15% were Asian, 56% had a body mass index >25 (calculated as weight in kilograms 
divided by height in meters squared), and 49% were current or former smokers. The median CD4 T-cell count was 620/µL (inter-
quartile range, 447–826/ µ L), and the median duration of prior ART use, 9.5 years (5.3–14.8) years. The most common ART regi-
mens were nucleoside/nucleotide reverse-transcriptase inhibitor (NRTI) plus nonnucleoside reverse-transcriptase inhibitor (43%), 
NRTI plus integrase strand transfer inhibitor (25%), and NRTI plus protease inhibitor (19%). Entry ART varied by GBD region, 
with shifts during the trial enrollment period. In adjusted analyses, entry CD4 cell count and CD4/CD8 ratio were associated with 
GBD region, sex, entry regimen, duration of ART, and nadir CD4 cell count; CD4 and CD8 cell counts were also associated with 
body mass index and smoking status.

Conclusions.  There were substantial variations in ART use by geographic region and over time, likely reflecting the local availa-
bility of specific medications, changes in treatment guidelines and provider/patient preferences. The analyses of CD4 cell counts and 
CD4/CD8 ratios may provide valuable insights regarding immune correlates and outcomes in people living with HIV.

Clinical Trials Registration.  NCT02344290. 
Keywords.   HIV; statins; pitavastatin calcium; antiretroviral therapy; CD4 cell count; CD4/CD8 ratio; REPRIEVE; cardiovas-

cular disease.

Approximately 37 million people globally are living with human 
immunodeficiency virus (HIV) [1]. The success of antiretro-
viral therapy (ART) has resulted in longer survival for people 
with HIV (PWH) [2]. Worldwide, >24.5 million PWH are now 

receiving ART [3]. The current era of ART has seen major shifts 
in ART availability and prescribing patterns, along with changes 
in key patient characteristics, including body mass index (BMI; 
calculated as weight in kilograms divided by height in meters 
squared). Moreover, the availability of new antiretrovirals is not 
uniform across worldwide regions, and relatively little is known 
regarding the changing patterns of ART use globally especially 
in the aging population. Finally, there is limited information on 
contemporary patterns of ART use and how such patterns relate 
to other factors like immune status.

The current analysis leveraged detailed data acquired on ART 
use and immune status across a global cohort of PWH. The 
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REPRIEVE trial (Randomized Trial to Prevent Vascular Events 
in HIV) was designed as the first large-scale, long-term ran-
domized trial to assess a primary cardiovascular disease (CVD) 
prevention strategy among PWH, with low-to-moderate risk for 
CVD according to traditional risk factors, using statin therapy 
[4, 5]. The trial was initiated to address the reported increased 
CVD and CVD mortality rates among PWH, contemporaneous 
with overall improvements in AIDS-related complications and 
life expectancy [6–8]. The trial enrolled 7770 PWH across 5 
continents between 2015 and 2019. The large size of the trial 
and diversity of the enrolled population allows for the oppor-
tunity to assess differences in HIV-specific elements, such as 
patterns of ART usage, as well as immunologic characteristics 
and correlates. Further context for REPRIEVE and methods on 
ascertainment of key data elements is provided in the introduc-
tory article within this supplement [9].

The aims of this analysis were to characterize patterns of ART 
use and immunologic characteristics over the 4-year period of 
enrollment in REPRIEVE and to examine indices of immuno-
logic health in relation to key participant characteristics across 
regions. We hypothesized that there would be differences in the 
patterns of ART usage over time and that sociodemographic 
and potentially modifiable health factors would be associated 
with different immunologic profiles. Specifically, we investi-
gated whether there were regional differences in CD4 and CD8 
T-cell counts and how these might relate to other health param-
eters, demographics and patterns of ART use. Understanding 
how specific ART regimens affect CVD risk is particularly ger-
mane because clinical outcomes are being documented within 
REPRIEVE. Furthermore, it is the complex interplay between 
host characteristics, environmental exposures, the immune 
system, HIV, antiretrovirals, and other factors that affects CVD 
risk and the development of CVD. Information ensuing from 
these analyses will not only prove critical to contextualizing the 
longitudinal results of the REPRIEVE trial but will also help in-
form our understanding of changing patterns of ART use and 
correlates of immune function among PWH across the globe.

METHODS

Sites and Study Population

The REPRIEVE trial (NCT02344290) is a prospective, dou-
ble-blind, randomized, placebo-controlled, multicenter, phase 
III efficacy study with 2 arms (pitavastatin calcium [4  mg/d] 
vs placebo), enrolling PWH currently taking ART [4, 5], 
at >100 sites in 12 countries. The primary entry criteria in-
cluded PWH ≥40 and ≤75 years of age, taking any combination 
ART regimen for ≥6 months before study entry, with CD4 cell 
counts >100/ µ L [4, 5].

At trial entry, information on medical history was ascer-
tained, including cardiovascular risk history, physical examina-
tion, and medication history. Laboratory values were obtained 
as part of the trial screening and entry process or abstracted 

from clinical care records (see supplementary methods in 
Grinspoon et al [9]).

Antiretroviral Regimen Definitions

Antiretroviral regimen histories were collected at entry to include 
estimates of total duration of ART exposure, duration of expo-
sure to protease inhibitors (PIs), thymidine analogues, tenofovir 
disoproxil fumarate (TDF), and abacavir. The details of the cur-
rent ART regimen at trial enrollment (including estimated start 
date) is reported as the entry regimen. For this analysis, entry 
regimen classes were categorized by use of nucleoside/nucleotide 
reverse-transcriptase inhibitors (NRTIs), nonnucleoside reverse-
transcriptase inhibitors (NNRTIs), PIs, and integrase strand 
transfer inhibitors (INSTIs). For simplicity, boosting agents for 
PIs, such as ritonavir and cobicistat, are not described.

Statistical Analyses

Distributions of entry regimens are shown graphically, stratified 
according to the Global Burden of Disease (GBD) super-region 
[10] and within key demographic factors, including duration of 
current regimen, self-reported natal sex and race, and calendar 
date of enrollment. Distributions of immunologic parameters at 
study entry—CD4 cell counts, CD8 cell counts, and CD4/CD8 
ratio (≥1.0 or <1.0)—are examined descriptively and by means of 
adjusted linear (CD4 and CD8 cell counts) and logistic regression 
(low CD4/CD8 ratio) analyses to evaluate associations with enroll-
ment region, ART exposures, and key participant characteristics. 
Given the complex patterns of these covariates and their poten-
tial confounding and collinearity across and within enrollment 
regions, modeling was repeated in exploratory subgroup ana-
lyses by GBD region, natal sex, and total duration of prior ART 
exposure; targeted interaction tests were evaluated. Owing to 
collinearity between GBD region and race, multivariable ana-
lyses were adjusted only for race in the high-income regions. As 
a result of this parameterization, the reference comparator for 
enrollment region is high-income white race. Given the large 
sample size and high power to detect small effect sizes, formal 
statistical comparisons are limited to regression analyses, with 
inference based on very low type 1 error (P < .001) and clinically 
meaningful estimated effect sizes. Data analysis was conducted 
using SAS software, version 9.4 for UNIX (SAS Institute).

Ethics Statement

Each clinical research site obtained institutional review board/
ethics committee approval and any other applicable regulatory 
entity approvals. Participants were provided with study in-
formation, including discussion of risks and benefits and were 
asked to sign the approved declaration of informed consent.

RESULTS

Study Population

From March 2015 through July 2019, a total of 7770 partici-
pants enrolled. The median age was 50  years (interquartile 



S10  •  jid  2020:222  (Suppl 1)  •  Fichtenbaum et al

range [IQR], 45–55 years). Thirty-one percent of participants 
were natal female, and 2% reported identifying on the trans-
gender spectrum. The overall racial distribution of participants 
was 43% black or African-American, 35% white, 15% Asian, 
and 7% other races. In North America (Canada, United States, 
and Puerto Rico), 18% were Latino or Hispanic. The median 
CD4 cell count at entry was 620/ µ L (IQR, 447–826/ µ L). The 
HIV-1 RNA level was below local assay quantification limits in 
87% of participants, and of the remaining 13%, 75% had viral 
loads ≤200 copies/mL (See Grinspoon et al [9, table 1] for fur-
ther description of the cohort).

ART Exposure

The median duration of prior oral ART exposure at REPRIEVE 
entry was 9.5 years (IQR, 5.3–15 years). Prior exposure to PIs 
was reported in 47% of participants (median 7.0  years; IQR, 
3.6–11 years), to thymidine analogues in 49% (5.9 years; 3.0 – 
9.9 years), and to TDF in 85% (5.5 years; 3.0–8.7 years) (Table 1).

Entry ART regimens included NRTIs plus NNRTIs (47%); 
NRTIs plus INSTIs (25%); and NRTIs plus PIs (with or without 
boosting agents) (19%); 6% and 3% of participants, respec-
tively, were taking other NRTI-containing and NRTI-sparing 
regimens (these regimens primarily included either a PI or an 
NNRTI taken with an INSTI, with or without an NRTI). The 
median regimen duration at study entry was 2.3  years (IQR, 
0.8–5.2 years); 10% of participants had been taking this regimen 
for >8.8 years (Table 1). The most commonly used agents in the 
NRTI class, were Lamivudine (3TC) or Emitricitabine (FTC) 
in combination with TDF (in 61%), tenofovir alafenamide 
(TAF) (15%), or and abacavir (12%), respectively. In the 
NNRTI class, the most commonly used agents were efavirenz 
(68%), rilpivirine (16%), and nevirapine (13%). The most com-
monly used PIs were darunavir (44%), atazanavir (40% (with or 
without boosting agents), and lopinavir-ritonavir (15%). In the 
INSTI class, dolutegravir (DTG) (50%), elvitegravir (34%), and 
raltegravir (14%) were used most commonly.

There were important differences in entry regimen by en-
rollment region (Figure 1). In particular, there was greater reg-
imen diversity among participants enrolled in the high-income 
region, followed by the Latin America and Caribbean region, 
with clear evolution of regimens over time that was less ap-
parent in other regions (Figure 2). The use of INSTIs was almost 
exclusive to the high-income region, with DTG and elvitegravir 
the most common choices. The amount of raltegravir use waned 
over the enrollment period, with emerging use of bictegravir 
(Supplementary Figure 1A). Within the NRTI class, TDF use 
predominated across all regions (Supplementary Figure 2). 
TAF was used increasingly over the course of enrollment in 
the high-income region (Supplementary Figure 1B). There 
were stark differences in PI use across enrollment regions, with 
darunavir far more common in the high-income region, with 
some emerging use in Latin America and the Caribbean and 

South Asia (India) (Figure 1D). Aazanavir was used across all 
regions and lopinavir/ritonavir predominated in sub-Saharan 
Africa. Efavirenz was the most commonly used NNRTI across 
all regions (Figure 1E). Rilpivirine use increased over the en-
rollment period in the high-income and Southeast Asia GBD 
super-regions (Supplementary Figure 3) and nevirapine was a 
common NNRTI choice in other regions.

Controlling for enrollment region, ART regimen at entry also 
varied by duration prior ART exposure, BMI and nadir CD4 cell 
count (Supplementary Figures 4–6). Given the current focus 
on INSTI use and its association with weight gain, the trend 
showing a higher percentage of INSTI-based regimens associ-
ated with higher BMI (Supplementary Figure 5) was examined 
further with stratification by duration of entry regimen. This 
analysis revealed the trend was strongest among those on their 
entry regimen for less than 1  year (Supplementary Figure 7). 
Because uptake of widespread INSTI use is relatively recent, it 
is noted that the numbers of participants on an INSTI regimen 
for >3 years at the time of REPRIEVE entry is very low, and no 
measure of precision is presented to allow any formal inference.

Immunologic Profiles

The median CD4 cell count at entry was 620/ µ L (IQR, 447–826/ 
µ L), the median CD8 cell count was 779/ µ L (564–1032/ µ L), 
and the median CD4/CD8 ratio was 0.81 (0.56–1.15) (Table 2). 
While overlapping across regions, the distributions of CD4 and 
CD8 cell counts were slightly higher in the high-income and 
Latin America and Caribbean regions. The CD4/CD8 ratios 
were highest among participants in Southeast and East Asia 
(Thailand), and lowest in South Asia and sub-Saharan Africa.

Sub-Saharan African enrollment, black or African American 
race (high-income region only), male natal sex, and NRTI-
sparing or multiclass ART regimens were associated with 
lower CD4 cell counts. In contrast, enrollment from the Latin 
America and Caribbean region and current smoking were asso-
ciated with higher CD4 cell counts. A positive association was 
noted between higher CD4 cell counts and longer ART expo-
sure, higher BMI, and higher nadir CD4 cell counts across the 
distributions of these covariates (Figure 3). Sensitivity analyses 
restricted to those with HIV-1 RNA levels below the assay limit 
of quantification did not affect the results (data not shown). 

The findings were also generally robust in analyses per-
formed by enrollment region, natal sex, and duration of prior 
ART exposure (data not shown). Exceptions include the re-
lationship between CD4 cell count and BMI that was not ap-
parent in the Latin America and Caribbean region and the 
effect of nadir CD4 cell counts on current CD4 cell counts that 
was attenuated with increasing duration of prior ART expo-
sure (Supplementary Figure 8). In further exploratory analyses, 
adjustment for white blood cell (WBC) counts at entry atten-
uated the CD4 cell count associations with BMI, sub-Saharan 
Africa and Latin America and Caribbean GBD enrollment, and 
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Table 1.  Demographic and Cardiovascular Characteristics by Entry Antiretroviral Therapya

Characteristic

Participants, No. (%)b

Total 
(N = 7770)

NRTI + INSTI  
(n = 1978)

NRTI + NNRTI  
(n = 3676)

NRTI + PI  
(n = 1439)

NRTI Sparing  
(n = 199)

Other NRTI  
Containing 
(n = 476)

Demographic and Behavioral       

  Age, median (IQR), y 50 (45–55) 51 (46–55) 49 (44–54) 50 (46–55) 51 (47–56) 51 (47–55)

  Natal sex       

    Male 5352 (69) 1563 (79) 2293 (62) 974 (68) 150 (75) 370 (78)

    Female 2418 (31) 415 (21) 1383 (38) 465 (32) 49 (25) 106 (22)

  Racec       

    Black or African American 3378 (43) 786 (40) 1679 (46) 630 (44) 65 (33) 218 (46)

    White 2701 (35) 1064 (54) 829 (23) 487 (34) 101 (51) 218 (46)

    Asian 1139 (15) 24 (1) 893 (24) 193 (13) 20 (10) 9 (2)

    Other 552 (7) 104 (5) 275 (7) 129 (9) 13 (7) 31 (7)

  Ethnicityd       

    Hispanic or Latino 698 (18) 302 (17) 188 (20) 117 (18) 23 (16) 68 (17)

    Not Hispanic or Latino 3187 (81) 1472 (82) 743 (79) 532 (81) 115 (82) 324 (83)

    Unknown 34 (1) 13 (1) 14 (1) 4 (1) 3 (2) 0 (0)

  Smoking status       

    Current 1933 (25) 586 (30) 764 (21) 378 (26) 52 (26) 153 (32)

    Former 1906 (25) 606 (31) 752 (20) 352 (24) 54 (27) 140 (30)

    Never 3923 (51) 784 (40) 2158 (59) 708 (49) 93 (47) 180 (38)

  Substance use       

    Current 152 (2) 52 (3) 52 (1) 34 (2) 6 (3) 8 (2)

    Former 2277 (29) 958 (48) 592 (16) 431 (30) 83 (42) 213 (45)

    Never 5333 (69) 967 (49) 3030 (82) 972 (68) 110 (55) 252 (53)

Cardiovascular and Metabolic       

  BMIe       

    <18.5 288 (4) 19 (1) 226 (6) 34 (2) 3 (2) 6 (1)

    18.5–24.9 3115 (40) 613 (31) 1656 (45) 585 (41) 77 (39) 184 (39)

    25–29.9 2664 (34) 755 (38) 1190 (32) 490 (34) 79 (40) 148 (31)

    ≥30 1696 (22) 586 (30) 603 (16) 329 (23) 40 (20) 138 (29)

HIV-Related Health Status       

  Nadir CD4 T-cell count       

    <50/ µ L 1406 (18) 352 (18) 513 (14) 307 (21) 57 (29) 176 (37)

    50–199/ µ L 2386 (31) 490 (25) 1193 (32) 473 (33) 69 (35) 160 (34)

    200–349/ µ L 2039 (26) 501 (25) 1031 (28) 397 (28) 33 (17) 77 (16)

    ≥350/ µ L 1677 (22) 541 (27) 834 (23) 224 (16) 33 (17) 45 (9)

    Unknown 262 (3) 94 (5) 105 (3) 38 (3) 7 (4) 18 (4)

  History of AIDS-defining event 1849 (24) 328 (17) 874 (24) 432 (30) 65 (33) 150 (32)

  CD4 T-cell count, median (IQR), cells/ µ L 620 (447–826) 628 (456–845) 633 (468–832) 612 (422–820) 605 (447–834) 521 (348–720)

  CD8 T-cell count median (IQR), cells/ µ L 779 (564–1032) 775 (555–1006) 750 (547–992) 838 (600–1129) 840 (601–1083) 886 (664–1112)

  HIV-1 RNA level below LLQ       

    <20 copies/mL 2819 (47) 1207 (64) 849 (37) 442 (38) 96 (51) 223 (50)

    <40 copies/mL 2243 (37) 407 (22) 1131 (49) 528 (45) 56 (30) 121 (27)

    <400 copies/mL 187 (3) 31 (2) 129 (6) 21 (2) 4 (2) 2 (<0.5)

    ≥LLQ 750 (13) 240 (13) 202 (9) 179 (15) 31 (17) 98 (22)

ART History       

  Total ART use median (IQR) 9.6 (5.3–14.8) 9.0 (4.8–15.6) 8.3 (4.7–12.3) 11.0 (6.5–16.0) 17 (11–21) 16.0 (10.4–20.3)

  Total ART use       

    <5 y 1709 (22) 503 (25) 968 (26) 209 (15) 6 (3) 23 (5)

    5–10 y 2305 (30) 556 (28) 1230 (33) 406 (28) 35 (18) 78 (16)

    ≥10 y 3754 (48) 918 (46) 1478 (40) 823 (57) 158 (79) 375 (79)

    Unknown 2 (<0.5) 1 (<0.5) 0 (0) 1 (<0.5) 0 (0) 0 (0)

  Protease exposure 3624 (47) 985 (50) 615 (17) 1400 (97) 192 (96) 430 (90)

  Thymidine exposure 3799 (49) 601 (30) 1870 (51) 867 (60) 137 (69) 323 (68)

  Abacavir exposure 1618 (21) 775 (39) 297 (8) 262 (18) 74 (37) 209 (44)

  Tenofovir exposure 6572 (85) 1707 (86) 3035 (83) 1241 (86) 151 (76) 437 (92)

  Duration of entry ART regimen, median (IQR), y 2.3 (0.8–5.2) 1.0 (0.5–1.9) 3.6 (1.7–6.8) 2.9 (0.9–6.2) 1.8 (0.7–4.6) 1.4 (0.6–3.8)

Abbreviations: ART, antiretroviral therapy; BMI, body mass index; HIV, human immunodeficiency virus; INSTI, integrase strand transfer inhibitor; IQR, interquartile range; LLQ, lower limit of quantification; NNRTI, nonnucleoside 
reverse-transcriptase inhibitor; NRTI,  nucleoside/nucleotide reverse-transcriptase inhibitor; PI , protease inhibitor. 
aAll statistics are calculated based on participants with data collected. Missing data include smoking status (n = 8), substance use (n = 8), history of AIDS-defining event (n = 6), and HIV-1 RNA level below the LLQ (n = 1771). 
Two participants were missing an entry regimen at the time of analysis and are excluded from the total by entry regimen. 
bData represent no. (%) of participants unless otherwise specified.
c“Other” race includes participants self-identifying as native or indigenous to the enrollment region, as >1 race (with no single race noted as predominant), or as of unknown race. 
dEthnicity presented according to National Institutes of Health definition for participants in the United States (including Puerto Rico) and Canada only. 
eBMI is calculated as weight in kilograms divided by height in meters squared.
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smoking status (Supplementary Figure 9 and Supplementary 
Table 2). The addition of WBC counts into the adjusted model 
of CD4 cell counts did not affect the significance of the rela-
tionship with CD4 cell count nadir or natal female sex. In anal-
ysis restricted to high-income GBD region enrollment, Latino/
Hispanic ethnicity was not associated with higher CD4 cell 
counts (data not shown).

Marked differences in CD8 cell counts across enrollment 
regions and by entry ART regimen were apparent, and there 
was a positive association between BMI and CD8 cell counts. 
There was no association between CD8 cell counts and nadir 
CD4 cell count. Male natal sex (compared with female) and 
current smoking (compared with former and never smoking) 
were associated with a higher CD8 cell count (Figure  3B). 
These findings were all robust in exploratory subgroup ana-
lyses by enrollment region, natal sex, and prior ART duration, 
and sensitivity was restricted to participants with HIV-1 RNA 
levels below the assay limit of quantification (data not shown). 
Additional adjustment by WBC counts attenuated the positive 
associations of CD8 cell counts with BMI and smoking status 
(Supplementary Figure 9).

There were several notable associations with entry CD4/CD8 
ratios. South Asia and sub-Saharan African enrollment regions 
were associated with a higher odds of having a low (<1.0) CD4/
CD8 ratio (Figure 3C). Male natal sex, NRTI plus PI and other 

entry regimens (ie, NRTI-sparing regimens, multiclass regi-
mens), a shorter duration of total ART exposure, and a lower 
CD4 cell count nadir were associated with higher odds of a low 
CD4/CD8 ratio (Figure 3C). Again, these findings were robust 
in exploratory subgroup analyses performed by enrollment 
region, natal sex, and prior ART duration and sensitivity re-
stricted to participants with HIV-1 RNA levels below the assay 
limit of quantification (data not shown).

DISCUSSION

The REPRIEVE trial provides an opportunity to investigate and 
compare patterns of contemporary use of ART and immuno-
logic profiles evaluating associations with sociodemographic 
factors and select health characteristics across GBD super-
regions, in a time of evolving patterns of global ART use from 
2015 to 2019. The study population had extensive prior ex-
posure to ART, with a median 9.5 years at the time of enroll-
ment. The data demonstrate clear differences in the patterns 
of ART use by GBD regions with greater regimen variability in 
high-income regions along with more use of INSTIs and more 
NNRTI use in other GBD regions. 
Furthermore, specific use of different antiretrovirals changed 
over the enrollment period with increased use of TAF, DTG, and 
rilpivirine and decreased use of atazanavir in the high-income 
GBD super-region. Changes in the use of specific antiretrovirals 
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Figure 1.  Class of entry regimen stratified by Global Burden of Disease region. Only regimens and agents with frequency >5 % of participants are shown. Abbreviations: 
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were observed in select other GBD super-regions, such as an 
increase in DTG in Thailand and TAF in the Latin America and 
Caribbean region. Amidst this variability, the use of tenofovir 
prodrugs was consistent across all regions. Analyses of immu-
nologic profiles showed entry CD4 cell count and CD4/CD8 
ratio were associated with region of enrollment, natal sex, total 
duration of ART, and nadir CD4 cell count. CD4 cell count was 
also associated with BMI and smoking status. The immuno-
logic findings were consistently observed across GBD regions 
and in subgroup analyses by region, sex, and total duration of 
ART exposure.

Data from REPRIEVE provide a valuable snapshot of regional 
and temporal differences in the global use of antiretrovirals. 
Although the observed patterns of ART use likely reflect the 
availability of specific agents across different regions, changes in 
practice guidelines, and preferences by providers and patients, 
there are few published reports, to our knowledge, of patterns 
of ART use across regions [11]. Studies of contemporaneous 
populations across multiple global regions in the current era of 
ART are lacking though there are reports of first- and second-
line therapy use [12, 13].

Analysis of the immunologic profiles of study participants 
yielded several key insights. As expected, nadir CD4 cell count 
was associated with CD4 at entry with lower nadirs tracking 
with lower entry CD4 cell counts, even in the subpopulation 

with extensive ART exposure. Higher CD4 cell counts were as-
sociated with female natal sex, longer exposure to ART, higher 
BMI, and current smoking across all regions. Higher CD4/CD8 
ratios, a measure of immune reconstitution, were similarly asso-
ciated with longer ART exposure, higher nadir CD4 cell counts, 
female natal sex, and higher BMI. 

The addition of WBC counts to the adjusted models elim-
inated the association between CD4 cell counts and smoking. 
Similarly, there was no longer an association observed between 
CD4 cell counts with higher BMI and a higher CD4/CD8 ratio. 
We suspect that higher WBC counts correlate with more im-
mune activation and may be more closely correlated than 
smoking, BMI and CD4/CD8 ratios. Indeed, we demonstrated 
that higher WBC counts are associated with higher CD4 and 
CD8 cell counts (Supplementary Table 2). There have been a 
number of observations in persons without HIV demonstrating 
higher leukocyte and CD4 cell counts associated with cigarette 
smoking [14–16]. The proinflammatory state induced by cig-
arette smoke is hypothesized to lead to both higher CD4 and 
higher CD8 cell counts. 

Numerous studies have demonstrated that lower nadir CD4 
cell counts are associated with incomplete recovery of CD4 cell 
counts in response to treatment with ART [17, 18]. Similarly, 
CD4 cell counts rise in a predictable manner over time with 
ART treatment [19–21]. There are a also number of studies 
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indicating that women have higher CD4 cell counts than men, 
which is what we observed in the current study [22–24]. Nadir 
CD4 cell counts and CD4/CD8 ratios have been demonstrated 
to be important predictors of clinical outcomes in PWH [25, 
26]. In particular, CVD outcomes are associated with lower 
nadir CD4 cell counts [27, 28]. 

Finally, higher CD8 cell counts were observed in sub-Saharan 
Africa, South Asia and Latin America and Caribbean GBD re-
gions than in high-income and Southeast/East Asia regions. 
The explanation for these differences is not clear. It is possible 
that unmeasured inflammatory stimuli in some regions may 
amplify CD8 cell counts [29]. Petoumenos et al [30] reported 
similar CD8 cell counts between a cohort in Southeast Asia and 
a high-income country cohort in Australia. This is similar to 
what we observed. We were not able to find publications that 
compared CD8 cell counts between other GBD regions in the 
era of potent ART. Further investigation is required to under-
stand these differences by GBD regions.

Recently, since 2019, weight gain and higher BMIs have been 
reported in PWH, particularly with the initiation of INSTI-
based ART [31–33]. Interestingly, we noted greater propor-
tions of participants receiving INSTI-based entry regimens 
with increasingly higher entry BMIs, which were most striking 
among participants starting their entry regimen within a year 

of REPRIEVE enrollment (Supplementary Figure 7). In the 
Women’s Interagency Study of HIV, women switching to INSTIs 
gained an average 2.1 kg with an increase of 0.8 in BMI, com-
pared with women who remained on non-INSTI ART regi-
mens [33]. DTG use was associated with more weight gain over 
18 months in the Vanderbilt cohort (6- vs 2.6-kg increase with 
NNRTIs; P < .05) [31]. 

Of note, not all groups have documented increased weight 
gain with INSTI use [34, 35]. The observations within the 
REPRIEVE cohort are consistent with most of published reports 
of higher BMI with the use of INSTIs but must be interpreted 
with caution. ART in the REPRIEVE trial is not randomized, 
and these descriptive, cross-sectional analyses make no ad-
justments to control for confounding by indication, whereby 
heavier people may have been assigned to INSTI-based ART. 
Further prospective studies are needed, and REPRIEVE may be 
leveraged in the future to assess potential confounding factors 
associated with INSTI use and BMI. In addition, the relation-
ships between INSTI use, weight gain, and major adverse car-
diovascular events can be evaluated in REPRIEVE to determine 
whether there are cardiovascular consequences of weight gain 
in this population.

Another interesting observation was the association between 
BMI and immunologic profiles. Lower CD4 and CD8 cell counts 
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Figure 3.  Adjusted regression analyses on CD4 T-cell count (A), CD8 T-cell count (B), and low (<1) CD4/CD8 ratio (C). Abbreviations: ART, antiretroviral therapy; BMI, body 
mass index (calculated as weight in kilograms divided by height in meters squared); CI, confidence interval; Est = Estimate, and Ref = Reference; GBD, Global Burden of 
Disease; INSTI, integrase strand transfer inhibitor; NRTI, nucleoside/nucleotide reverse-transcriptase inhibitor; NNRTI, nonnucleoside reverse-transcriptase inhibitor; PI, 
protease inhibitor; Ref, reference.
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were associated with lower BMI. For CD4 cell counts, there was 
an overall positive association across the full BMI distribution. 
Although the associations were most consistently seen in high-
income and sub-Saharan African GBD super-regions, they were 
robust, remaining apparent in multivariable analyses control-
ling for GBD region, race, natal sex, ART entry regimen, prior 
ART exposure, and nadir CD4 cell counts, and in subgroup 
analyses by region, natal sex, and prior ART exposure.

Several other groups have evaluated the relationship between 
BMI and CD4 T-cell recovery. In the ALLRT trial, investigators 
reported a blunted CD4 cell recovery in those with lower BMI 
[36]. In contrast, the NA-ACCORD investigators found a more 
complicated relationship with attenuation of CD4 cell recovery 
in more obese populations [37]. A  significant literature exists 
relating increasing weight to improved immune function [38]. 
Teleologically, greater weight provided a greater survival advan-
tage to fight infectious diseases, such as tuberculosis [39, 40]. 

Moreover, existing data suggest an important relationship be-
tween adipose tissue and immune function. Some data suggest 
that leptin signaling can explain the link between adiposity and 
immune function [41–44]. For example, leptin deficiency is as-
sociated with a reduction in CD4 T cells and overall T-cell pro-
duction, with consequential increase in childhood infections 
[43, 44]. Mice deficient in leptin have a reduction in circulating 
T cells, and leptin replacement has been shown to increase 
T-cell response, reversing starvation-induced immunosuppres-
sion [42]. The cohort enrolled in REPRIEVE have been taking 
ART for a median of almost 10 years, and the vast majority have 
HIV-1 RNA levels below the assay quantification limits or at 
very low quantifiable levels. This cohort likely reflects PWH 
who have experienced substantial CD4 cell recovery with the 
use of ART. Thus, the positive association between CD4 and 
CD8 cell counts and BMI may reflect the level of immunologic 
recovery in response to ART. The REPRIEVE trial is an ideal 
setting to improve our understanding of the cardiometabolic 
consequences of weight gain, BMI, and the interplay with the 
immune system.

The current analysis has a number of strengths and weak-
nesses. Although REPRIEVE carefully assessed ART use and 
other key immune and participant characteristics in a global 
population across GBD regions, in the current era of ART, it 
is a cross-sectional evaluation of individuals >40 years old who 
have enrolled in a randomized clinical trial, and the results may 
not be applicable to broader populations with HIV. The study 
population has a well-preserved CD4 cell count (median, 620/ µ 
L) and other immunologic parameters that are similar to those 
in other large cohorts. Nonetheless, we did recruit a relatively 
healthy population interested in pursuing CVD prevention. 
Some of the results in this study may reflect the known evo-
lution in changes of the immune system over time in response 
to ART and differences in the severity of illness between study 
participants before enrollment and may not be related to the 

use of specific antiretroviral regimens. The absence of longitu-
dinal clinical information before enrollment makes it difficult to 
know why specific prior ART regimens or agents were chosen 
or changed. However, the patterns track with the availability of 
different antiretrovirals and evolving practice guidelines [45]. 
We do not have information on within-individual changes in 
specific parameters, such as BMI, CD4 cell count, and CD4/
CD8 ratio, that might influence choice of antiretrovirals; firm 
conclusions are thus challenging to make.

In summary, we have demonstrated differences in the use 
of ART regimens and specific antiretrovirals over time and 
region among a global cohort of REPRIEVE trial participants. 
A number of associations between demographic and health re-
lated factors were observed with CD4 cell counts and CD4/CD8 
ratio. The most important implications of this analysis are that 
the study population recruited is reflective of PWH with sup-
pressed viral replication and preserved CD4 cell counts, repre-
senting the ideal group to study CVD prevention. Furthermore, 
knowing the ART history and entry immune profile sets the 
stage for future analyses that can correlate with prospective 
clinical outcomes with the REPRIEVE trial. These observations 
should also help inform future prospective analyses of the re-
lationship between ART, the immune system, other specific 
health characteristics and outcomes within other global studies 
of PWH.
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