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Background. We evaluated associations between antepartum weight change and adverse pregnancy outcomes and between
antiretroviral therapy (ART) regimens and week 50 postpartum body mass index in IMPAACT 2010.

Methods. Women with human immunodeficiency virus (HIV)-1 in 9 countries were randomized 1:1:1 at 14-28 weeks’
gestational age (GA) to start dolutegravir (DTG) + emtricitabine (FTC)/tenofovir alafenamide fumarate (TAF) versus DTG +
FTC/tenofovir disoproxil fumarate (TDF) versus efavirenz (EFV)/FTC/TDF. Insufficient antepartum weight gain was defined
using Institute of Medicine guidelines. Cox-proportional hazards regression models were used to evaluate the association
between antepartum weight change and adverse pregnancy outcomes: stillbirth (>20 weeks’ GA), preterm delivery (<37 weeks’
GA), small size for GA (<10th percentile), and a composite of these endpoints.

Results. A total of 643 participants were randomized: 217 to the DTG + FTC/TAF, 215 to the DTG + FTC/TDF, and 211 to the
EFV/FTC/TDF arm. Baseline medians were as follows: GA, 21.9 weeks; HIV RNA, 903 copies/mL; and CD4 cell count, 466/uL.
Insufficient weight gain was least frequent with DTG + FTC/TAF (15.0%) versus DTG + FTC/TDF (23.6%) and EFV/FTC/TDF
(30.4%). Women in the DTG + FTC/TAF arm had the lowest rate of composite adverse pregnancy outcome. Low antepartum
weight gain was associated with higher hazard of composite adverse pregnancy outcome (hazard ratio, 1.44 [95% confidence
interval, 1.04-2.00]) and small size for GA (1.48 [.99-2.22]). More women in the DTG + FTC/TAF arm had a body mass index
>25 (calculated as weight in kilograms divided by height in meters squared) at 50 weeks postpartum (54.7%) versus the DTG +
FTC/TDF (45.2%) and EFV/FTC/TDF (34.2%) arms.

Conclusions. Antepartum weight gain on DTG regimens was protective against adverse pregnancy outcomes typically
associated with insufficient weight gain, supportive of guidelines recommending DTG-based ART for women starting ART
during pregnancy. Interventions to mitigate postpartum weight gain are needed.
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rier to resistance, and excellent safety and tolerability profile
[1]. Changes in weight have been marked for women receiving

integrase strand transfer inhibitor (INSTI)-based regimens,
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particularly DTG, with greater increases in limb and trunk fat
compared with men [2]. Over 96 weeks, treatment-naive
South African women gained significantly more weight after
starting DTG + emtricitabine (FTC)/tenofovir alafenamide fu-
marate (TAF) compared with DTG + FTC/tenofovir disoproxil
fumarate (TDF). Both DTG-based regimens resulted in more
weight gain than efavirenz (EFV)/TDF/FTC [3], with the
weight trajectory in the DTG arms continuing to increase
over 144 weeks [4]. ART-associated weight gain for women
on INSTI-based regimens has consequences for women’s
health and for pregnancy outcomes among the 1 million wom-
en with HIV who conceive every year [5].

Inadequate weight gain during pregnancy increases the risk
of preterm delivery, stillbirth, and small size for gestational
age (SGA) [6, 7]; preterm birth and SGA are primary risk fac-
tors for infant mortality and poor long-term health outcomes
globally. In contrast, excessive antepartum weight gain is as-
sociated with large size for GA (LGA) and need for operative
delivery [6], as well as with gestational diabetes [8] and hyper-
tension [9]. Observational studies in women on INSTI-based
regimens demonstrate a reduced risk of adverse pregnancy
outcomes relative to women on EFV, with higher antepartum
weight gain protective against adverse pregnancy outcomes
[10, 11]. The complex interactions between HIV, ART, weight
gain, and pregnancy outcomes remain understudied in the era
of widespread INSTT use.

We sought to characterize weight changes and adverse preg-
nancy outcomes by randomized ART regimen in IMPAACT
2010 (VESTED: Virologic Efficacy and Safety of ART
Combinations with TAF/TDF, EFV, and DTG), a phase III ran-
domized trial comparing the virologic efficacy and safety of 3
ART regimens for cisgender pregnant women with HIV and
their infants (NCT03048422): DTG + FTC/TAF versus DTG
+FTC/TDF versus EFV/FTC/TDEF. Previously published
VESTED data showed that DTG-containing regimens initiated
in pregnancy were associated with superior virologic suppres-
sion at delivery and that DTG + FTC/TAF had the lowest fre-
quency of adverse pregnancy outcomes and EFV/FTC/TDF
the highest frequency of neonatal and infant mortality [12].
In this article, we explore the relationship between antepartum
weight gain and adverse outcomes, and characterize postpar-
tum weight trajectories.

METHODS

Women were enrolled in VESTED between 19 January 2018
and 8 February 2019. All primary outcomes have been pub-
lished, with detailed methods and Consolidated Standards of
Reporting Trials (CONSORT) diagrams [12, 13]. Ante- and
postpartum weight change and the association between ante-
partum weight change and adverse pregnancy outcomes were
prespecified secondary analyses.

Study Population and Procedures

Pregnant women aged >18 years with confirmed HIV-1 infec-
tion were enrolled from 14-28 weeks’ gestational age (GA) at
22 sites in Botswana, Brazil, India, South Africa, Tanzania,
Thailand, Uganda, the United States, and Zimbabwe.
Participants were ART naive but could have received up to
14 days of ART during the current pregnancy; prior TDF or
TDF/FTC preexposure prophylaxis; or ART during prior preg-
nancies and breastfeeding.

Baseline data were obtained at study enrollment (which oc-
curred in the second or third trimester). Following randomiza-
tion, antepartum study visits occurred every 4 weeks, at
pregnancy outcome, and at 6, 14, 26, 38, and 50 weeks postpar-
tum. Weight and height were measured at baseline, and weight
was measured at every follow-up visit. For exploratory weight
analyses, women were asked to report their prepregnancy
weight at baseline, if known. Women who had >2 measure-
ments for weight in their antepartum period before pregnancy
outcome were included in antepartum analyses of change in
weight.

Outcomes and Outcome Definitions

In our main prespecified analysis, we evaluated weight change
between enrollment and delivery. These antepartum weight
changes were analyzed in 2 ways. First, using low and high
weight gain (defined as <0.18 kg/wk and >0.59 kg/wk, respec-
tively, based on Institute of Medicine (IOM) guidelines for
weekly weight gain in the second and third trimesters [14])
and second, as average weekly gain in maternal weight. The
main outcome was the parent trial’s prespecified composite ad-
verse pregnancy outcome: spontaneous abortion (<20 weeks’
GA), stillbirth (>20 weeks’ GA), preterm delivery (<37 weeks’
GA), or SGA (<10th percentile, adjusted for sex) [15].
Individual components of the composite pregnancy outcome
and neonatal death were also analyzed.

Post hoc analyses were performed to evaluate additional ad-
verse pregnancy outcomes, including the following: (1) LGA
(>90th percentile); (2) macrosomia (>4000 g); (3) a composite
of LGA, macrosomia, or cesarean delivery for any indication;
(4) a nonsevere pregnancy outcome, defined as preterm (32
to <37 weeks’ GA) or SGA (3rd to <10th percentile); (4) a se-
vere pregnancy outcome, defined as stillbirth, very preterm de-
livery (<32 weeks’ GA), very small size for GA (<3rd
percentile), and/or neonatal death; and (5) first grade >3 ma-
ternal adverse event through pregnancy and up to 14 days post-
partum. First occurring maternal adverse events were
summarized by MedDRA system organ class and preferred
term. Additional post hoc analyses included factors associated
with body mass index (BMI) >25 to <30 (calculated as weight
in kilograms divided by height in meters squared) (overweight
category) or >30 (obese category) at 50 weeks postpartum;
causal mediation analysis of weight change and the composite
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adverse pregnancy outcome. Women’s self-reported prepreg-
nancy weight was used for an exploratory analysis of the asso-
ciation of prepregnancy weight and adverse pregnancy
outcomes and to describe the frequency of BMI categories com-
paring prepregnancy and 50 weeks postpartum.

Statistical Analysis

By-arm differences in the average weekly change in maternal
weight were estimated and tested using generalized estimating
equations with an identity link and an exchangeable working
correlation matrix. Average weekly weight change was de-
scribed over the antepartum period (from enrollment through
delivery), the postpartum period (from delivery through
50 weeks postpartum), and overall. The change in weight for
each time period was summarized within each country and
overall. When prepregnancy weight was not available, it was
imputed. For estimating weight change over the antepartum
period and overall, models were adjusted for a participant’s
baseline weight as a sensitivity analysis. A sensitivity analysis
for estimating differences in antepartum maternal weight chan-
ge was conducted to account for possible by-arm differences in
antepartum follow-up time owing to loss to follow-up, fetal
loss, or preterm delivery. Standardized mortality ratio weights
were used to standardize the GA distributions in the DTG arms
to the observed GA distribution in the EFV/FTC/TDF arm at
each study visit during the antepartum period. For the postpar-
tum period, models were adjusted for delivery weight in a sen-
sitivity analysis.

Treatment arm, baseline age, baseline CD4 cell count, base-
line weight, ethnicity, change in antepartum weight, and region
were explored as factors associated with BMI >25 to <30 or
BMI >30 at 50 weeks postpartum. Relative risks were estimated
using modified Poisson regression with robust variance estima-
tor. Factors were analyzed using separate univariate models
and one multivariable model with all factors included.
Because antepartum weight change is a potential mediator for
postpartum weight, a multivariable model without adjustment
for antepartum weight change was also presented. The interac-
tions between treatment arm and potential factors were evalu-
ated using a Wald test.

We fit the Cox proportional hazards model to compare the
hazard of adverse pregnancy events and maternal grade >3 ad-
verse events by IOM weight gain categories (low vs normal and
high vs normal). A similar analysis was conducted using weight
as a continuous variable (for a 1-unit change in time-varying
weekly change in weight) and prepregnancy weight. For pre-
term deliveries, censoring was applied at the last antepartum
visit through 37 weeks’ GA or the last antepartum visit before
pregnancy outcome, whichever occurred first. Mother-infant
pairs were censored at pregnancy outcome or the last antepar-
tum visit for analyses of SGA, LGA, and macrosomia if they did
not have a live birth pregnancy outcome or if infant birthweight

data were missing. For all outcomes, models were adjusted for
baseline GA stratum: 14-18, 19-23, or 24-28 weeks.

For exploratory analyses using prepregnancy weight, multi-
ple imputation was used for missing prepregnancy weights and
BMI. The imputation models were fit using linear mixed effect
models, with antepartum weight as the dependent variable and
GA as a predictor. GA was modeled with random intercepts,
random slopes, and polynomial smoothing splines. The level
of smoothness was chosen using Bayesian information criteria.
The percentage of missing information was calculated [16].

Causal mediation analysis was used to separate the estimated
effect of study arm on the risk of the composite pregnancy out-
come into 2 effects, one mediated through the change in weight
(indirect effect) and the other not mediated through the change
in weight (direct effect). A linear regression model estimating
the study arm effect on weight change and a logistic regression
model estimating the effect of study arm and weight change on
adverse pregnancy outcomes were used to estimate total, indi-
rect, and direct effects. The proportion mediated was also esti-
mated, which indicates how much of the by-arm risk difference
for having an adverse pregnancy outcome can be explained by
the indirect effect of changes in weight. Mediation models were
adjusted for baseline variables of GA, BMI, CD4 cell count,
country, and age. For all analyses, treatment arm comparisons
were performed with the principle of intent to treat.

Ethical Considerations and Oversight
The study was approved by institutional review boards at each
site. All maternal participants provided written informed

consent.

RESULTS

Study Population and Weight Changes by Arm

Baseline characteristics among 643 randomized women are
summarized in Table 1, with no major differences between
treatment arms. The median (interquartile range) age, GA,
and baseline weight were 26.6 (22.5-31.7) years, 21.9 (18.3—
25.3) weeks, and 63.0 (56.2-73.0) kg, respectively. A similar
proportion of women in each arm had pre-pregnancy BMIs
in the normal and overweight categories, but slightly more
women in the EFV/FTC/TDF arm were underweight before
pregnancy (10.7% vs 7% in each of the DTG arms), and slightly
more women in the DTG + FTC/TAF arm were obese before
pregnancy (17.7% vs 14.4% in the DTG + FTC/TDF and
12.6% in the EFV/FTC/TDF arm).

The estimated average antepartum weight gain in the second
and third trimesters was lower than the recommended IOM
standard for average weekly weight gain in pregnancy in all
treatment arms; however, participants in the DTG + FTC/
TAF arm had higher antepartum weekly weight gain
(0.378 kg/wk), which approached the IOM standard of
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Table 1. Maternal Baseline Characteristics by Arm and Overall

Treatment Group, No. (%) of Women?®

DTG + FTC/TAF DTG + FTC/TDF EFV/FTC/TDF Total
Characteristic (n=217) (n=215) (n=211) (n=643)
Age
Range, y 18.1-44.5 18.1-44.0 18.3-42.7 18.1-44.5
Median (IQR), y 26.8 (22.3-31.5) 26.0 (22.3-31.4) 26.6 (23.1-32.1) 26.6 (22.5-31.7)
Country
Botswana 16 (7.4) 18 (8.4) 17 (8.1) 51 (7.9)
Brazil 21(9.7) 19 (8.8) 17 (8.1) 57 (8.9)
India 2(0.9) 1(0.5) 0(0.0) 3(0.5)
South Africa 37 (17.1) 37(17.2) 37 (17.5) 111(17.3)
Tanzania 15 (6.9) 13 (6.0) 156 (7.1) 43 (6.7)
Thailand 5(2.3) 4(1.9) 6(2.8) 15 (2.3)
Uganda 37 (17.1) 37(17.2) 36 (17.1) 110(17.1)
United States 2(0.9) 2(0.9) 0(0.0) 4(0.6)
Zimbabwe 82 (37.8) 84 (39.1) 83 (39.3) 249 (38.7)
Race
Asian 7 (3.2) 5(2.3) 6 (2.8) 18 (2.8)
Black or African American 195 (89.9) 196 (91.2) 194 (91.9) 585 (91.0)
Other 10 (4.6) 6(2.8) 4(1.9) 20 (3.1)
Unknown 0(0.0) 1(0.5) 0(0.0) 1(0.2)
White 5(2.3) 7 (3.3) 7 (3.3) 19 (3.0)
Ethnicity
Hispanic or Latina 219.7) 21(9.8) 17 (8.1) 59 (9.2)
Not Hispanic or Latina 194 (89.4) 192 (89.3) 191 (90.5) 577 (89.7)
Unknown 2(0.9) 2(0.9) 3(1.4) 7(1.1)
GA, wks®
Mean (SD) 21.6 (4.2) 21.4(4.2) 21.8(4.2) 21.6 (4.2)
Range 13.1-28.8 13.7-31.3 12.4-30.0 12.4-31.3
Median (IQR) 22.1 (18.4-25.0) 21.3(18.1-25.1) 22.1(18.3-25.4) 21.9(18.3-25.3)
GA category
14-18 wks 58 (26.7) 64 (29.8) 59 (28.0) 181 (28.1)
19-23 wks 93 (42.9) 83 (38.6) 77 (36.5) 253 (39.3)
24-28 wks 66 (30.4) 68 (31.6) 75 (35.5) 209 (32.5)
Weight, kg
Mean (SD) 67.7 (15.1) 66.3 (16.8) 64.5(13.3) 66.2 (15.2)
Range 35.8-124.2 44.2-206.3 43.9-126.4 35.8-206.3
Median (IQR) 65.0 (56.7-77.1) 63.0 (56.3-72.0) 61.4 (55.470.8) 63.0 (56.2-73.0)
Prepregnancy weight recorded 66 (30.4) 54 (25.1) 52 (24.6) 172 (26.7)
Prepregnancy BMI category®
Underweight (<18.5) 71 7.7 10.7 8.5
Normal (18.5 to <25) 53.7 53.5 53.6 53.6
Overweight (25 to <30) 21.4 24.4 23.2 23.0
Obese (>30) 17.7 14.4 12.6 14.9
Hepatitis B status
Missing 1 0 2 3
Negative 213 (98.6) 209 (97.2) 205 (98.1) 627 (98.0)
Positive 3(1.4) 6(2.8) 4(1.9) 13 (2.0
WHO clinical stage
1 213 (98.2) 211 (98.1) 208 (98.6) 632 (98.3)
2 4(1.8) 4(1.9) 3(1.4) 11(1.7)
Logqo HIV-1 RNA, copies/mL (n=216) (n=215) (n=209) (n =640)
Mean (SD) 3.0(1.1) 29(1.1) 3.1(1.0) 3.0 (1.1)
Range 1.3-5.6 1.3-6.1 1.3-5.6 1.3-6.1
Median (IQR) 2.9(2.2-3.8) 2.9(2.1-3.6) 3.1(2.3-3.7) 3.0(2.2-3.7)
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Table 1. Continued

Treatment Group, No. (%) of Women?®

DTG + FTC/TAF DTG + FTC/TDF EFV/FTC/TDF Total
Characteristic (n=217) (n=215) (n=211) (n=643)
CD4 cell count, cells/uL (n=215) (n=215) (n=208) (n=638)
Mean (SD) 491 (233) 505 (250) 477 (251) 491 (244)
Range 51-1492 60-1571 68-1431 51-1571
Median (IQR) 467 (324-624) 481 (332-642) 439 (300-616) 466 (308-624)
CD4 cell count category
Missing 2 0 3 5
50-349/ul 64 (29.8) 60 (27.9) 73 (35.1) 197 (30.9)
350-499/uL 56 (26.0) 54 (25.1) 50 (24.0) 160 (25.1)
500-750/uL 68 (31.6) 67 (31.2) 59 (28.4) 194 (30.4)
>750/uL 27 (12.6) 34 (15.8) 26 (12.5) 87 (13.6)

Abbreviations: BMI, body mass index; DTG, dolutegravir; EFV, efavirenz; FTC, emtricitabine; GA, gestational age; HIV, human immunodeficiency virus; IQR, interquartile range; SD, standard
deviation; TAF, tenofovir alafenamide fumarate; TDF, tenofovir disoproxil fumarate; WHO, World Health Organization.

“Data represent no. (%) of women unless otherwise specified.

bSites used the best available method to determine whether a woman met the inclusion criteria for gestational age (GA) at entry. The GA reported above was recalculated based on the
American College of Obstetricians and Gynecologists algorithm [17], which uses information from ultrasonography and the last menstrual period. Ultrasounds were permitted to be
performed up to 14 days after randomization.

°BM I was calculated as weight in kilograms divided by height in meters squared. Prepregnancy BMI was imputed for 73% of participants for whom prepregnancy weights were not available.
Imputed values were used to estimate the percentage of participants in each BMI category.
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Figure 1. Weight changes antepartum. A, Average weekly rate of change antepartum relative to Institute of Medicine (I0M) standard. B, Low, normal, and high weight gain
based on I0M definitions by treatment arm. Abbreviations: DTG, dolutegravir; EFV, efavirenz; FTC, emtricitabine; TAF, tenofovir alafenamide fumarate; TDF, tenofovir dis-
oproxil fumarate.

0.42 kg/wk, compared with the DTG +FTC/TDF arm 36.7%) in the EFV/FTC/TDF arm. The opposite pattern was
(0.319 kg/wk; difference, 0.058 [95% confidence interval (CI), seen for high weight gain (>0.59 kg/wk), which was observed
.013-.102 kg/wk]) and the EFV/FTC/TDF arm (0.291 kg; dif- in 12.7% (95% CI, 8.2%-17.1%) of women in the DTG+
ference, 0.086 [95% CI, .40-.132 kg/wk]) (Figure 1A). After FTC/TAF arm, 9.9% (5.9%-13.9%) in the DTG + FTC/TDF
standardizing for GA, the results were similar. There was arm, and 5.8% (2.6%-9.0%) in the EFV/FTC/TDF arm

marked variability between mean weight gain within country (Figure 1B).
and treatment arm, but comparisons were limited by small More women in the DTG + FTC/TAF arm had BMI in the
sample size (Supplementary Table 1). overweight or obese category at 50 weeks postpartum (55%),

Low weight gain (0.18 kg/wk) was observed in 15.0% (95% relative to the DTG + FTC/TDF (45%) and EFV/FTC/TDF
CI, 10.2%-19.8%) of women in the DTG + FTC/TAF, 23.6% (34%) arms, with a more marked shift into BMI >25 among
(17.9%-29.3%) in the DTG + FTC/TDF, and 30.0% (24.2%-— women in the DTG + FTC/TAF arm and minimal change
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Figure 2. Body mass index (BMI) from before pregnancy to 50 weeks postpartum by study arm (BMI calculated as weight in kilograms divided by height in meters). Note
that prepregnancy BMI was imputed for 73% of participants when prepregnancy weight data were not available. Abbreviations: DTG, dolutegravir; EFV, efavirenz; FTC,
emtricitabine; TAF, tenofovir alafenamide fumarate; TDF, tenofovir disoproxil fumarate.

Table 2. Predictors of Being Overweight or Obese at 50 Weeks Postpartum

Adjusted RR Without

Unadjusted RR Adjusted RR Antepartum Weight Change
Estimate Interaction Estimate Estimate

Variable® (95% ClI) P Value With Arm P Value (95% CI) P Value (95% CI) P Value
DTG + FTC/TAF vs DTG + FTC/TDF 1.21 (.99-1.48) .07 1.08 (.90-1.29) 43 1.09 (.91-1.31) .32
DTG + FTC/TDF vs EFV/FTC/TDF 1.32 (1.03-1.70) .03 1.31 (1.04-1.65) .02 1.33 (1.05-1.67) .02
DTG + FTC/TAF vs EFV/FTC/TDF 1.60 (1.27-2.02) <.001 1.42 (1.15-1.77) .001 1.46 (1.18-1.81) <.001
Age (y) 1.04 (1.02-1.05) <.001 42 1.02 (1.00-1.03) .02 1.01 (1.00-1.03) .051
Rate of antepartum weight gain (kg/wk) 1.09 (.70-1.69) .70 .85 1.54 (1.03-2.31) .04
Baseline weight (kg) 1.04 (1.03-1.04) <.001 .09 1.04 (1.03-1.04) <.001 1.04 (1.03-1.04) <.001
Baseline CD4 cell count, (cells/uL) 1.00 (1.00-1.00) .92 .26 1.00 (1.00-1.00) 47 1.00 (1.00-1.00) .33
Hispanic/Latina vs not Hispanic/Latina 1.73 (1.43-2.11) <.001 .90 2.19(1.21-3.96) .01 2.15(1.43-3.23) <.001
Race .99

Asian vs black or African American 0.93 (.60-1.74) .82 9.50 (2.64-34.11) <.001 1.34 (.75-2.38) .32

White vs black or African American 1.45(.98-2.15) .06 0.93 (.53-1.63) .81 0.83 (.51-1.33) A4

Other vs black or African American 1.71 (1.28-2.28) <.001 0.88 (.560-1.57) .68 0.85 (.49-1.50) .58
Region .84

Americas vs Africa 1.74 (1.44-2.11) <.001 0.53 (.25-1.11) .09 0.50 (.28-.90) .02

Asia vs Africa 0.96 (.51-1.80) .89 1.42 (.78-2.57) .25 1.42 (.78-2.57) .25

Abbreviations: Cl, confidence interval; DTG, dolutegravir; EFV, efavirenz; FTC, emtricitabine; RR, risk ratio; TAF, tenofovir alafenamide fumarate; TDF, tenofovir disoproxil fumarate.
@Categorical variables are presented with the group of interest on the left and the reference group on the right (eg, Africa is the reference group for regional comparisons).

over follow-up in the EFV/FTC/TDF arm (Figure 2). The risk
of BMI >25 (obese or overweight categories) at 50 weeks after
pregnancy was higher in the DTG + FTC/TAF than in the EFV/
FTC/TDF arm (risk ratio, 1.60 [95% CI, 1.27-2.02]) and in the
DTG + FTC/TDF than the EFV/FTC/TDF arm (1.32 [1.03-

Association of IOM Antepartum Weight Change Category and Adverse
Pregnancy Outcomes and Adverse Events

Opverall, 111 mother-infant pairs (18%) experienced a nonse-
vere adverse pregnancy outcome (preterm [32 to <37 weeks’
GA] or SGA [3rd to <10th percentile]), and 12% (n = 78) expe-
rienced a severe pregnancy outcome (spontaneous abortion,

1.70]). Older age (RR, 1.04), Hispanic/Latina ethnicity (1.73),
and higher baseline weight (1.04) were associated with a higher
risk of BMI >25 at 50 weeks postpartum (Table 2).

stillbirth, very preterm [<32 weeks’ GA], very small for GA
[<3rd percentile], or neonatal death). Among women with
low antepartum weight gain, 17% (n=25) had a severe
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pregnancy outcome, compared with 11% (n = 47) with normal
and 10% (n = 6) with high weight gain (Table 3).

Across all treatment arms, low weight gain was associated
with an increased hazard of the composite adverse pregnancy
outcome (hazard ratio [HR], 1.44 [95% CI, 1.04-2.00]) with a
trend toward an association with a severe adverse pregnancy
outcome (1.58 [.97-2.57]) and with SGA alone (1.48 [.99-
2.22]) (Figure 3A). When comparing high with normal average
weekly antepartum weight gain, there were no clear associa-
tions with adverse pregnancy outcomes, including macroso-
mia, cesarean delivery, and LGA (Figure 3B). For 21 women
with high antepartum weight gain who delivered by cesarean,
3 (14%) had the procedure because of preeclampsia or eclamp-
sia and 2 (10%) because of suspected macrosomia. There were
14 neonatal deaths, with no observed associations between neo-
natal deaths and high or low weight gain categories.

In the by-arm analysis of weight gain by IOM category, low
weight gain on DTG + FTC/TAF was associated with a higher
hazard of the composite adverse pregnancy outcome (HR,
2.69 [95% CI, 1.39-5.21]), with a similar trend for EFV/TDF/
FTC, which did not reach statistical significance (Figure 3C).
There were no clear associations between high weight gain
and arm (Figure 3D).

Of 632 women, 143 experienced at least one grade >3 ad-
verse event through 14 days postpartum. The most common
first occurrences of these adverse events were a decrease in he-
moglobin (in 30 women), hypertensive disorders (in 24 wom-
en; including chronic hypertension, gestational hypertension,
preeclampsia, and eclampsia), and infections (in 12 women).
Detailed grade >3 adverse events are described in
Supplementary Table 2. Women with low compared with nor-
mal weight gain were more likely to have a grade >3 adverse
event (39 of 145 vs 87 of 427 women, respectively; HR 1.43
[95% CI, .98-2.10]). There was variability in the association
by treatment arm, with low versus normal weight gain on
DTG + FTC/TAF (Figure 4A) and high versus normal weight
gain on EFV/FTC/TDF showing stronger associations with a
grade >3 event (HRs, 2.54 [95% CI, 1.21-5.32] and 3.89
[1.62-9.32], respectively) (Figure 4B).

Association of Continuous Weekly Antepartum Weight Change and
Adverse Pregnancy Outcomes

Across all treatment arms, higher weekly antepartum weight
gain was associated with a 66% reduction in the risk of SGA
(HR, 0.34 [95% CI .15-.80]), a 59% reduction in the risk of
the composite adverse pregnancy outcome (0.41 [.21-.81]),
and a 68% reduction in the risk of a severe pregnancy outcome
(0.32 [.12-.86]). In the DTG + FTC/TAF arm, higher weekly
antepartum weight gain was associated with lower hazards of
preterm delivery (HR, 0.02 [95% CI, .00-.24]) and of the com-
posite adverse pregnancy outcome (0.09 [.02-.36]) and still-
births (0.02 [.00-.085]) (Supplementary Table 3). Higher
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Figure 3. Associations between adverse pregnancy outcomes and Institute of Medicine weight gain categories. A, Low versus normal weight gain. B. High versus normal
weight gain. C, Low versus normal weight gain by arm for the composite adverse pregnancy outcome. D, High versus normal weight gain by arm for the composite adverse
pregnancy outcome. Models were adjusted for gestational age (GA) stratum at baseline. Abbreviations: AE, adverse event; Cl, confidence interval; DTG, dolutegravir; EFV,
efavirenz; FTC, emtricitabine; HR, hazard ratio; LGA, large size for GA; SGA, small size for GA; TAF, tenofovir alafenamide fumarate; TDF, tenofovir disoproxil fumarate.

weekly antepartum weight gain was associated with a 30-fold
increase in the hazard of macrosomia (HR, 30.6 [95% CI,
2.2-420]), although the CI was wide owing to the low number
of events (occurring in 15 infants).

Prepregnancy Weight and Adverse Pregnancy Outcomes

For the exploratory analysis of prepregnancy weight, retrospec-
tively collected data were available for 27% of women and im-
puted for 73%. Since prepregnancy weight was strongly
associated with weight at study entry, the percentage of missing
information using the imputation model to assess the relation-
ship between the pregnancy outcomes and prepregnancy
weight was low and ranged from 0.12% to 1.18%. For every
10-kg increase in prepregnancy weight, the hazard of SGA
was reduced (HR, 0.86 [95% CI, .76-.98]), while there was a
trend toward a higher hazard of macrosomia, LGA, and cesar-
ean delivery (Supplementary Table 4). Higher prepregnancy
weight was associated with having a grade >3 adverse event
(HR, 1.09 [95% CI, 1.00-1.18]).

Causal Mediation Analysis

In causal mediation analysis, the percentage of the risk differ-
ence of adverse pregnancy outcome mediated by weight change
was 31% for DTG + FTC /TAF versus EFV/FTC/TDF and 11%

for DTG + FTC/TAF versus DTG + FTC/TDEF. These results
did not differ after adjustment for baseline GA, BMI, CD4
cell count, country, and age, and they suggest that up to one-
third of observed differences in adverse pregnancy outcomes
between randomized arms are mediated by ART-related weight
change, with other factors accounting for the remainder of the
effect (Supplementary Figure 1).

DISCUSSION

In this randomized clinical trial of women with HIV starting
ART in pregnancy, we found that insufficient weight gain dur-
ing the second and third trimesters of pregnancy occurred in all
treatment arms. However, greater weight gain was seen with
DTG-based ART, in particular if combined with TAF/FTC.
Furthermore, greater pregnancy weight gain was associated
with a reduction in the hazard of adverse pregnancy outcomes
typically associated with insufficient weight gain, including
SGA, preterm delivery, and stillbirth.

The relationship between insufficient antepartum weight
gain and adverse pregnancy outcomes is well established in
women both with [10, 11] and without [6, 7, 18] HIV. Much
of the HIV-related data have been collected from women
receiving what was previously first-line ART with EFV/TDF
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Figure 4. Associations between Institute of Medicine weight category and a maternal grade >3 adverse event (AE) overall and by arm, adjusted for baseline gestational
age category. A, Low versus normal weight gain. B, High versus normal weight gain. Abbreviations: Cl, confidence interval; DTG, dolutegravir; EFV, efavirenz; FTC, emtri-
citabine; HR, hazard ratio; TAF, tenofovir alafenamide fumarate; TDF, tenofovir disoproxil fumarate.

(with FTC or lamivudine [3TC]), a regimen now known to have
a weight-suppressive effect [19-21]. As global first-line ART
shifts to DTG-based therapy, our study results have particular
relevance for women with HIV of childbearing potential.
Women in our study in the DTG + FTC/TAF arm achieved an-
tepartum weight gain that approached (though was still lower
than) IOM-recommended normal weekly weight gain, and
they experienced the lowest rate of adverse pregnancy out-
comes. Although weight gain with INSTI regimens has raised
concern with regard to exacerbating an already significant glob-
al obesity epidemic [22-24], our data counter the dogma that
INSTI-associated weight gain has only negative health effects.
Our data are consistent with other recent observational studies
comparing EFV and INSTI-based regimens in pregnancy show-
ing that EFV versus DTG was associated with more insufficient
antepartum weight gain in Botswana [25] and retrospective data
from women initiating either raltegravir or EFV in pregnancy,
in which women on raltegravir gained more weight and were
less likely to have adverse pregnancy outcomes [10].

In our study population, higher weekly antepartum weight
gain was associated with macrosomia. A study from Botswana
among women conceiving on either EFV or DTG found that
having a first pregnancy weight >90 kg (at a visit before 24

weeks” GA) was associated with a higher risk of macrosomia
(adjusted risk ratio, 3.24 [95% CI, 2.36-4.44]) and hypertension
(1.79 [1.62-1.97]) [11]. In this Botswana study, the risk of hy-
pertension by weight strata was higher for women on DTG,
an observation seen in people with HIV who are not pregnant
[26]. At least one other study identified an association between
INSTI regimens and hypertensive disorders in pregnancy [27],
suggesting this is an important area for further study.

Of note, while EFV-based regimens have been largely phased
out globally, high antepartum weight gain with EFV in our
study was associated with adverse pregnancy outcomes, as
well as with a higher rate of grade >3 adverse events, while
low weight gain on DTG regimens was associated with grade
>3 adverse events. These finding underscore the complexity
of the interaction between HIV, ART regimen, baseline weight,
weight change, and other factors that may influence pregnancy
outcomes. This is reflected in our mediation analysis, in which
up to one-third of the observed differences in the composite
pregnancy outcome between randomized arms was attributed
to antepartum weight gain. While this degree of contribution
from weight is important, there remain significant gaps in
our understanding of the mechanisms by which different
ART regimens influence pregnancy outcomes [28].
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While both DTG-containing regimens were associated with
improved antepartum weight gain and reduced risk for adverse
pregnancy outcomes, more women on these regimens had
BMIs in the overweight or obese category at 50 weeks postpar-
tum, and this represented a shift from baseline, particularly for
women on DTG/TAF/FTC. Similar data have been reported
from DolPHIN-2, a randomized trial of DTG- versus
EFV-containing regimens initiated late in pregnancy in South
Africa and Uganda, in which women on DTG-based ART re-
tained more weight through 72 weeks postpartum [29]. In
DolPHIN-2, weight changes were more marked in South
African women, suggesting regional variation in weight gain
patterns. Outside of pregnancy and postpartum, weight gain
among women has been consistently noted with the initiation
of DTG- relative to EFV-containing regimens, including
from Cameroon [30] and South Africa [4], and a recent study
from South Africa demonstrated modest weight loss in people
who switched from DTG/FTC/TAF to DTG/FTC/TDF [31].
Research suggests that EFV and TDF are weight suppressive
in certain individuals, and this may contribute to the percep-
tion that INSTI and TAF are significantly obesogenic—
although mechanisms of weight changes remain unclear and
are likely to be multifactorial [32]. An in vitro study showed
that DTG disrupts estrogen-mediated fat differentiation, pro-
viding one potential mechanism for greater ART-related
weight gain in women than men [33]. More research is needed
on the differential effects of INSTI-related weight gain in wom-
en, with representation from diverse populations to reflect the
variability seen by race/ethnicity and region.

Taken together, our data portray a complex picture of weight
gain. Increased antepartum weight gain on DTG regimens was
protective for adverse pregnancy outcomes that are known to
be associated with insufficient weight gain and are supportive
of guidelines that recommend DTG-based ART for women
starting ART during pregnancy. However, given that more
women on the DTG regimens had BMIs in the overweight or
obese categories approximately 1 year postpartum (represent-
ing a shift from prepregnancy category) and given the known
association between prepregnancy weight and pregnancy out-
comes [11] (replicated in our study), this pattern may ultimate-
ly be associated with adverse outcomes over time. Women with
high BMI at conception are at risk of having LGA or macroso-
mic infants, gestational diabetes, or hypertensive disorders of
pregnancy [34], and at least one risk prediction model showed
excess risk of adverse pregnancy outcomes with DTG-based
regimens, including gestational hypertension, with the excess
risk most marked for DTG + FTC/TAF [35]. In the setting of
high fertility rates in many high HIV prevalence regions (4.7
in sub-Saharan Africa [36]), pregnancy planning and precon-
ception counseling can play an important role optimizing ma-
ternal weight between pregnancies, to improve both maternal
and infant health outcomes. Future research should seek to

understand weight change over recurrent pregnancies among
women on DTG and DTG/TAF-containing regimens.
Important strengths of our study include randomization and
enrollment from diverse global settings. However, the small
number of adverse pregnancy events limited our exploration
of antepartum weight change with individual components of
the composite adverse pregnancy outcome endpoint as well
as our precision in estimating the association of weight gain
by ART
Prepregnancy weight was not available for many women, re-

with adverse pregnancy outcomes regimen.

sulting in the need for imputation for weight and BMI catego-
ries, which could overestimate or underestimate our findings.

In conclusion, DTG-containing ART initiated in pregnancy
resulted in healthier antepartum weight gain, with the lowest
rates of adverse pregnancy outcomes in the DTG + FTC/TAF
arm. More women in the DTG arms (particularly those on
DTG/TAF but also those on DTG/TDF) had BMI >25 at 50
weeks postpartum, and the importance of prepregnancy BMI
as a predictor of pregnancy outcomes raises important ques-
tions about how to balance benefits of antepartum weight
gain with risks of excess weight gain over time in women of
childbearing age, particularly in settings with high fertility
rates. Given the importance of DTG-based ART as a well-
tolerated and highly effective regimen globally, a focus on
healthy body weight, particularly before conception, may
help optimize outcomes over recurrent pregnancies as well as
health over a woman’s life span.

Supplementary Data

Supplementary materials are available at Clinical 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 corresponding
author.
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