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Abstract

Objectives—We assessed real-world weight change and pregnancy outcomes among pregnant
women living with HIV who used integrase strand transferase inhibitor (INSTI)-based combined
antiretroviral therapy (CART).

Methods—In a retrospective cohort study from 2014-2021 for prevention of perinatal HIV
infection, we evaluated changes of weight from the first prenatal visit to near delivery in two
groups. The categories of change were: low (< 0.18 kg/week), normal (0.18-0.59 kg/week), and
high (>0.59 kg/week). The backbones were lamivudine + tenofovir disoproxil or lamivudine +
zidovudine. The comparison groups were women with body mass index (BMI) < 25 vs. BMI =
25 and INSTI-naive vs. INSTI-experienced. Continuous variables were analyzed with a Kruskal-
Wallis test and count or categorical data with Chi-squared tests
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Results—We enrolled 198 pregnant women. At study entry, 74 had BMI < 25 and 124 had BMI
> 25. Excess gestational weight gain was more frequent among women who were INSTI-naive
both among the BMI < 25 and the BMI = 25 groups. However, the proportion of participants

per weight change category was only significantly different between INSTI-naive women with
baseline BMI < 25 and INSTI-experienced with BMI < 25. In particular, INSTI-naives with BMI
< 25 had significantly higher rates of excess gestational weight gain (31.6%), than participants
with BMI < 25 who conceived in use of INSTI (11.8%), £=0.004. Rates of unfavorable pregnancy
outcomes were low and did not differ significantly between groups.

Conclusions—BMI < 25, INSTI-naive participants gained more weight during pregnancy than
BMI = 25 participants who conceived in use of INSTI. Rates of adverse pregnancy outcomes did
not differ between the groups.

Keywords
Anti-HIV agents; HIV integrase inhibitors; gestational weight gain; pregnancy outcomes

Introduction

Currently, guidelines of developed countries and the WHO recommend integrase strand
transferase inhibitor (INSTI)-based combined antiretroviral therapy (CART) as a preferred
regimen for the treatment of adults living with HIV and prevention of perinatal HIV
acquisition (1-4). INSTI-based cART regimens are potent, well-tolerated with few toxic side
effects, have a high barrier to genetic resistance, few drug-drug interactions, low pill burden,
and do not need to be taken with food. INSTIs have been investigated in studies such as
ADVANCE, which was a Phase 111 protocol conducted for 96 weeks in non-pregnant adults,
the preliminary results of which were published at 48 weeks, that evaluated the efficacy and
safety of two INSTI-based regimens (dolutegravir (DTG) + emtricitabine (FTC)/tenofovir
alafenamide (TAF) vs. DTG+FTC/tenofovir disoproxil (TDF)) compared with an NNRTI
(efavirenz (EFV))-based regimen in a population that was 59% women living with HIV and
99% black (5). At 48 weeks, in the DTG+FTC/TAF group average weight gain was 6kg

and 14% of the participants became obese, whereas in the DTG+FTC/TDF group weight
gain was 3kg with 7% obesity, and in the EFV-based group weight gain was 1kg with 6%
obesity (5). Weight gain was significantly higher in females than males in all three groups
and both INSTI arms demonstrated a significant weight gain compared with the EFV arm
(5). A systematic review also concluded that, excessive weight gain is a source of concern
in the adult population (6). However, there have been few studies of the effects of weight
change among pregnant women living with HIV. In pregnant women not living with HIV,
excessive weight gain during gestation may be associated with pregnancy complications
including hypertensive disorders such as pre-eclampsia, and HELLP (Hemolysis, Elevated
Liver enzymes, and Low Platelet count) as well as adverse obstetric outcomes (7).

NICHD P1081 (NCT01618305) is a Phase IV multicenter, randomized, open-label trial
comparing HIV virologic response (plasma HIV viral load <200 copies/mL near delivery),
tolerability (remaining on study drug through delivery), and safety (maternal and infant
adverse event (AE) =grade 3) of CART (raltegravir (RAL) vs. EFV + backbone) when
initiated during pregnancy (8). A P1081 substudy found that antiretroviral (ARV)-naive
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pregnant women living with HIV starting on raltegravir-based cART were more likely than
those starting EFV to have high rates of weight gain (9). A substudy of IMPAACT 2010
(NCT03048422) showed that women starting DTG-based cART in pregnancy gained more
weight antepartum than women starting EFV (10).

One of the gaps in our knowledge about effect of INSTI use on weight change among
pregnant women living with HIV is that there is scant data based on real-world experience
outside of clinical trials. Real world studies can reveal whether trial findings still apply in
settings in which the window for study visits is more flexible or to pregnant women living
with HIV who would not have met the eligibility requirements for the P1081 and 2010
trials, such as ART-experienced pregnant women. As of 2020, approximately 1.3 million
pregnant women were living with HIV around the world (11), and an increasing percentage
of pregnant women living with HIV are conceiving in use of INSTI (12). Thus, it is
worthwhile to investigate weight change among pregnant women living with HIV, including
those who are treatment-experienced, in a real-world study. The aims of this study were

to assess weight change among pregnant women living with HIV at a reference center for
prevention of perinatal HIV acquisition in a middle-income country in use of raltegravir- or
dolutegravir-based cART and their association, if any, with adverse obstetric and neonatal
outcomes.

Materials and Methods

The present study was a retrospective substudy of an established cohort of pregnant women
living with HIV. The group involved in the current study also took part in the follow-up

of this cohort prospectively. A detailed description of our institution’s cohort has been
previously published (13). From October 2014 to October 2021, all pregnant women living
with HIV who were referred for prenatal care to our center, which is a national reference for
PMTCT in Rio de Janeiro that is one of the epicenters of HIV epidemic in Brazil, and met
the study inclusion criteria were included.

The enrolled criteria were cART-naive pregnant woman living with HIV who regularly used
INSTI (RAL-based regimen (400 mg twice daily) or DTG (50 mg once daily) plus two
analogs: lamivudine + TDF or lamivudine + zidovudine) for at least four weeks between the
study entry visit and the near delivery visit (“INSTI naive™) or became pregnant using INSTI
for at least six months before conception (“INSTI experienced™). In addition, participants
were required to have an entry visit and near delivery weight and height. We excluded
women with gestational diabetes as it can cause weight gain independent of CART use.

For the purposes of this study, the entry visit was the first prenatal care visit at the center.
The comparison groups were women with (body mass index) BMI < 25 vs. BMI = 25

and treatment-naive vs. treatment-experienced. BMI was calculated as weight in kilograms
divided height in meters squared.

During medical visits, the accompanying practitioner completed a standardized case report
form from which we captured data that were anonymized and inserted into our center’s
database in accordance with our standard operating procedures for data quality control and
assurance.

HIV Med. Author manuscript; available in PMC 2023 March 18.
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These data included sociodemographic characteristics (age, race/ethnicity, marital status, and
education level), clinical, immunological, and virological characteristics (HIV viral load at
study entry and near delivery, CD4 count [cells/mm?], duration of INSTI use), gestational
age at study entry based on ultrasound or the last menses, maternal weight and height
measured at prenatal visits, and subsequent prenatal care visits, and the sex, weight, and
length of the newborn at birth. In addition, we captured data on the BMI of each study
participant at the first visit and near delivery. BMI < 25 at baseline will be referred to
hereafter as “underweight or normal weight” and BMI = 25 as “overweight or obese”. For
the purposes of this study, the rate of weight gain per week was defined as the weight
measured at the near delivery visit (within seven days before) minus the weight at the
enrollment visit divided by the number of weeks between the two visits. We hypothesized
that women who conceived in use of INSTI-based cART would experience normal weight
gain during pregnancy, whereas women who initiated CART during pregnancy would be
more likely to experience high weight gain.

Intergrowth-215t tables (14) were used to classify the newborn as small for gestational

age (SGA) defined as below the 10th percentile for weight. We also tallied the number

of preterm deliveries (= 20 and < 37 completed gestational weeks), extremely preterm (=

20 and < 34 weeks), low birth weight (<2,500 g), extremely low birth weight (<1,500

g), macrosomia (birth weight >4,000 g), abortion (< 20 weeks), stillbirth, neonatal death
(death of live born infants up to 28 days post-partum), and a composite outcome consisting
of any one of the aforementioned outcomes (preterm delivery, low or extremely low birth
weight, macrosomia, abortion, stillbirth, small for gestational age, or neonatal death). For
the purposes of this study, weight gain was the primary outcome measure, and other adverse
obstetric and neonatal outcomes were the secondary outcome measures.

Data analysis: We report the median and interquartile range (IQR) for continuous variables.
The continuous variables were: maternal age in years, gestational age at baseline weight

in weeks, duration of INSTI use in days before baseline weight, duration of INSTI use

in days from baseline weight to delivery, CD4 cell count (cells/fmm3) at baseline weight,
baseline weight (kg) and BMI (kg/m?), and log;o HIV RNA near delivery in copies/mL. The
categorical variables were race/ethnicity, marital status, education level, alcohol use before
pregnancy, tobacco use before pregnancy, HIV RNA viral load (copies/mL) at enrolment
divided into the categories: <200, 200-999, 1000-9,999, and >10,000. In accordance with
Institute of Medicine guidelines, weight gain was divided into the categories: <0.18kg/week
(low), 0.18-0.59 kg/week (normal), and > 0.59 kg/week (high) (15). The count data were
the number of cases of abortion, stillbirth, neonatal death, prematurity (between 20 weeks
of gestation and <37 weeks), extreme prematurity, low birth weight, extremely low birth
weight, macrosomia, and SGA. Continuous variables were analyzed with a Kruskal-Wallis
test and count or categorical data with Chi-squared tests in SPSS 19. Figures were produced
with GraphPad Prism 9.

To assess the categories of weight gain in the naive and experienced groups, the analysis
was conducted separately for the underweight/normal weight and obese/overweight groups.
Within each group, we determined the number of naive and experienced participants with
low, normal, and high weight gain. We conducted a Chi-squared test to assess whether the
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number of participants with low, normal, and height weight gain was significantly different
between the naive and experienced groups. This work was approved by the local ethics
committee and participants provided informed consent.

Between 2014 and 2021, 755 pregnant women living with HIV registered for care at our
prenatal clinic. For the analysis of weight gain, 515 did not fulfill the eligibility criteria were
excluded as seen in Figure 1. Among them, 393 used a non-INSTI regimen, 96 used an
INSTI regimen for less than four weeks between the baseline weight and near delivery, 25
conceived in use of INSTI, but used INSTI for less than six months, and one had gestational
diabetes. Thus, the population base of the study was 240 pregnant women living with HIV.
The number of evaluable participants for the weight gain analysis after excluding 42 due

to missing data was 198. Of these, 58 (29.3%) used DTG and 140 (70.7%) RAL-based
regimens. At baseline, 74/198 (37.4%) of the eligible participants were underweight or
normal weight and 124/198 (62.6%) were overweight or obese. Among the underweight

or normal weight participants, 57/74 (77%) were INSTI-naive whereas 17/74 (23%) were
INSTI-experienced. Among the overweight and obese participants, there were 101/124
(81.5%) naive and 23/124 (18.5%) experienced pregnant women.

The median age of the 198 study participants was 28 years (IQR: 22-33 years). Maternal
age did not differ significantly based on BMI or treatment experience, as seen in Table

1. The majority of the participants self-identified as non-white. Among 74 underweight or
normal weight participants, sociodemographic characteristics differed somewhat between
the naive (N=57) and experienced (N=17) groups. In the experienced group, 12/17 (70.6%)
participants were married versus 21/57 (36.8%) in the naive group (£=0.049). With respect
to educational attainment, 13/17 (76.5%) of the experienced participants had begun or
completed secondary school, whereas 18/57 (31.6%) had reached this education level

in the naive group (p=0.02). Regarding clinical characteristics, the treatment-experienced
participants had their baseline weight measured at a median gestational age of 14 week
versus a median of 20 weeks for the naive participants (p=0.02). Among the overweight

or obese participants, the median weight at study entry of the treatment-experienced
participants was 84.6 kg versus 74.6 kg for the INSTI-naive group (p=0.013). Among the
experienced participants, the median duration of INSTI use from initiation to delivery was
619 days in the BMI < 25 group and 696 days in the BMI = 25 group (Figure 2). Among
the treatment-naive participants, the median duration of INSTI use from initiation through
delivery was 140 days for those with those with BMI < 25 versus 141 days for those

with BMI = 25. Among the underweight/normal weight participants who were treatment-
experienced, at the first prenatal visit HIV RNA viral load was 0 copies/mL and CD4 count
was 497 cells/mm3, whereas those who were treatment-naive had a median HIV RNA of 4.1
logqg copies/mL at study entry and CD4 cell count of 369 cells/mm3. With respect to the
overweight/obese participants, the treatment-experienced group had HIVV RNA viral load at
study entry of O copies and CD4 count of 596 cells/mm3, whereas the naive participants had
3.8 logyg copies/mL of HIV RNA and median CD4 count of 433 cells/mms3.

HIV Med. Author manuscript; available in PMC 2023 March 18.
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Near delivery, median HIV RNA was undetectable for all groups, as seen in Table 2A.
Among the participants who were overweight or obese at baseline, median weight near
delivery was 90 kg in the treatment-experienced group and 82.3 kg in the naive group
(1p=0.026). In the baseline BMI < 25 subgroup, the proportion of participants experiencing
low, normal, or high weight gain was significantly different between the treatment-naive and
treatment-experienced groups, as seen in Table 2B and Figure 3. Among the participants
who were treatment-experienced 2/17 (11.8%) had excess gestational weight gain, whereas
in the group of treatment-naive participants, 18/57 (31.6%) had excess gestational weight
gain (p=0.004).

With respect to obstetric and neonatal outcomes, there were no stillbirths or neonatal
deaths. Among underweight and normal weight participants, the rate of preterm delivery
was 2/17 (11.8%) for those who were INSTI-experienced and 3/57 (5.3%) for the INSTI-
naive (p=0.349). In the overweight and obese group, the prematurity rate (<37 weeks) was
3/23 (13%) among INSTI-experienced participants and 7/101 (6.9%) for those who were
INSTI-naive (p=0.34). Regarding low birth weight (< 2500 g), the frequency among the
underweight and normal weight participants who were INSTI-experienced was 3/17 (17.6%)
versus 10/57 (17.5%) in the INSTI-experienced (p=0.992). Within the group of participants
who were overweight or obese, the INSTI-experienced mothers had a preterm delivery rate
(< 35 weeks) of 1/23 (4.3%) versus 2/101 (2%) for those who were INSTI-naive (p=0.499).
There were no cases of macrosomia in the cohort.

Discussion

In this real world study, excess gestational weight gain was more frequent among women
who were INSTI-naive both among the BMI < 25 and the BMI = 25 groups. However,
the proportion of participants per weight change category was only significantly different
between INSTI-naive and experienced women with baseline BMI < 25. In particular, the
baseline BMI < 25 group had the highest rates of excess gestational weight gain (31.6%),
followed by INSTI-naive participants who were overweight or obese at baseline (18.8%).
INSTI-experienced participants had the lowest rates of excess gestational weight gain, at
approximately 12%, irrespective of baseline BMI. These rankings of excess weight gain
confirm our initial hypothesis that women who started cART during pregnancy would
experience higher rates of gestational weight gain than INSTI-experienced women. The
present results provide real-world confirmation of gestational weight gain associated with
the use of INSTI-based regimens, and therefore supports the findings of studies such as the
NICHD P1081 and IMPAACT 2010 trials (9, 10).

Although reviewing all of the mechanisms through which INSTIs may lead to weight

gain is beyond the scope of this study, we will mention some mechanisms that are the

topic of ongoing research. These include damaging adipocytes and altering appetite or

the gut microbiome (16, 17). Furthermore, it has long been known that beginning CART

is accompanied by weight gain, a “return to health effect” that is more pronounced in
individuals with low CD4 cell counts and high HIV RNA viral load (18). Our participants
who were starting INSTI-based regimens had significantly lower baseline CD4 cell counts
and higher HIV RNA viral load than those who were INSTI-experienced. We can conjecture

HIV Med. Author manuscript; available in PMC 2023 March 18.
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that the return to health effect was more pronounced in naive than experienced participants.
The higher frequency of excess gestational weight gain in treatment-naive participants may
have also been multifactorial involving a return health together with the effects of INSTIs on
appetite, fat deposits, and intestinal flora (16).

We found that in pregnant women who used INSTI rates of neonatal outcomes including
SGA, low birth weight, and macrosomia did not differ significantly by treatment-experience
or baseline BMI. This is similar to the findings of a cohort study of 333 pregnant women
living with HIV in Atlanta, Georgia, USA, in which those with excessive gestational weight
gain did not have higher rates of obstetric and neonatal complications (19). In addition,

the IMPAACT 2010 study found that in 643 participants in 9 countries, excess gestational
weight gain was not associated with adverse pregnancy outcomes (10). An analysis of

the Tsepamo cohort in Botswana included 4,467 treatment-experienced pregnant women
measured baseline weight and weight gain in the second trimester (20). Although BMI was
not measured, the study found that excess weight gain was associated with macrosomia.

As noted above, in our cohort, there were no cases of macrosomia. Evaluating all of these
studies together, the available evidence is compatible with a protective or neutral effect of
INSTI-associated gestational weight gain on adverse maternal and neonatal outcomes.

Our results indicated that excess gestational weight gain was most frequent in underweight
or normal weight women who started INSTI-based regimens. This finding could inform
education about a healthy lifestyle for pregnant women living with HIV. HIV management
of underweight or normal weight pregnant women who are starting INSTI could prioritize
education about the benefits of diet and physical activity, which are safe and effective for
reducing gestational weight gain (21).

A novel contribution of the present study is that to our knowledge it is the first in a low

or middle income country that investigated BMI in pregnant women living with HIV, in
addition to raw weight. A new insight that emerged from this was that BMI influenced

the magnitude of gestational weight change, with participants with low or normal BMI
gaining more weight during pregnancy than those with higher BMI. Another strength of the
study is that participants received care at a single HIV referral institution that where HIV
management adhered strictly to national guidelines, data was captured using standardized
forms, all physicians received the same training, and there was an established routine of
caring for pregnant women living with HIV. Among the weaknesses of the study was the
small sample size that limits its generalizability, and the imbalance in size between the
naive and experienced groups. In addition, as tenofovir may also be associated with weight
gain, TDF may have also influenced weight gain in the study participants. Furthermore,
pre-pregnancy weight was not available.

In summary, preghant women living with HIV who started an INSTI-based regimen during
pregnancy with BMI < 25 showed greater gestational weight gain compared to those

who were INSTI-experienced. This cohort had no adverse neonatal outcomes that were
significantly different based on treatment-experience or baseline BMI. To this extent, our
findings are compatible with other studies that have concluded that insufficient gestational

HIV Med. Author manuscript; available in PMC 2023 March 18.



1duosnue Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Fuller et al. Page 8

weight gain, but not necessarily excess gestational weight gain, is associated with adverse
maternal and neonatal outcomes.
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N=755 Did not satisfy study eligibility criteria (N=515)
e Used cART other than INSTI + 2 NRTIs (N=393)
e Used INSTI + 2 NRTIs for < 4 weeks between
» enrolment and delivery (N=96)
e Conceived in use of INSTI, but used for < 6
months before baseline weight (N=25)

e Gestational diabetes (N=1)

Population base of
the study (N=240)

Missing data (N=42)

e Missing baseline weight (N=26)

e Missing weight near delivery (N=9)
e Missing BMI (N=7)

A 4
Pregnant people who
used INSTI-based

cART + 2NRTlIs
N=198
A
A 4 A 4
BMI < 25 at BMI 2 25 at
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Conceived in use of Initiated INST-based Conceived in use of Initiated INST-based
INSTI-based cART cART in pregnancy INSTI-based cART CART in pregnancy
N=17 N=57 N=23 N=101

Figure 1.
Flow chart of participants enrolled in the weight gain analysis (n = 198 final participants).
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Figure 2.
Duration of INSTI use by treatment-experience and BMI (body mass index).
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Weight change among pregnhant women living with HIV in use of INSTI, 2014-2021
(N=199). Percent of naive and experienced participants by weight change category and
baseline BMI. The categories of change were: low (< 0.18 kg/week), normal (0.18-0.59
kg/week), and high (>0.59 kg/week).
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Page 16

Percent of naive and experienced participants by weight change category and baseline BMI. In the table below,
p-values < 0.05 are bolded.

Baseline BMI < 25

Baseline BMI = 25

Conceived in use of

Initiated CART in

Conceived in use of

Initiated CART in

CART (N=17) pregnancy (N=57) CART (N=23) pregnancy (N=101)
Weight gain N (%) N (%) p N (%) N(%) p
category (kg/week)
Low (<0.18), N (%) 5/17 (29.4%) 2/57 (3.5%) 0.004 10 (43.5%) 30 (29.7%) 0.429
Normal (>=0.18 and 10/17 (58.8%) 37/57 (64.9%) 10 (43.%) 52 (51.5%)
<=0.59), N (%)
High (>0.59), N (%) 2/17 (11.8%) 18/57 (31.6%) 3 (13%) 19 (18.8%)
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