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A B S T R A C T

Background: Recent data suggests clinically significant weight gain among non-pregnant HIV-positive adults
after starting dolutegravir-based ART (DTG). Excess or insufficient weight gain in pregnancy could adversely
impact pregnancy outcomes, but data for pregnant women receiving DTG are limited.
Methods: The Tsepamo Study captured data at delivery sites in Botswana from 2014 to 2019. HIV testing, HIV
treatment information, and weight measurements during antenatal care were abstracted from the maternity
obstetric record at delivery. HIV-positive women initiating DTG or efavirenz-based ART (EFV) between con-
ception and 17 weeks gestation and HIV-uninfected women first presenting for antenatal care before 17
weeks gestation were included. We evaluated weekly weight gain, total 18-week weight gain, excess weight
gain (>0.59 kg/week), insufficient weight gain (<0.18 kg/week), and weight loss between 18§2 and 36§2
weeks gestation, adjusting for demographic and clinical variables.
Findings: Baseline characteristics were similar by exposure group, including pre-pregnancy and early preg-
nancy weight. Compared with EFV, mean weekly weight gain between 18 and 36 weeks gestation was 0.05
(95% CI 0.03, 0.07) kg/week higher for women initiating DTG and 0.12 (0.10, 0.14) kg/week higher for HIV-
uninfected women. Mean 18-week weight gain was 1.05 (95% CI 0.61, 1.49) kg higher for women initiating
DTG and 2.31 (1.85, 2.77) kg higher for HIV-uninfected women, compared with EFV. Women initiating DTG
were more likely to gain excess weight but less likely to gain insufficient weight or lose weight than women
initiating EFV.
Interpretation: Women initiating DTG compared with EFV during pregnancy gained more weight between 18
and 36 weeks gestation. Neither group gained as much weight as HIV-uninfected women. Initiating DTG
compared with EFV during pregnancy could increase the risk of excess weight gain but decrease the risk of
insufficient weight gain and weight loss, which could have positive and negative consequences in pregnancy.
Our findings are consistent with prior studies in non-pregnant adults.
© 2020 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

Antiretroviral therapy (ART) with dolutegravir (DTG) is increas-
ingly used as first-line treatment for people living with HIV (PLWH)
because of its efficacy, tolerability, limited side effects, high virus bar-
rier to DTG resistance, and low cost [1-4]. Enthusiasm for global roll-
out of DTG has been dampened slightly by recent reports of a
possible increased risk of neural tube defects with periconceptual
exposure to DTG [5-7] and clinically significant weight gain among
HIV-infected adults on DTG [8,9]. The ADVANCE trial in South Africa
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Research in Context

Evidence before this study

Two recent randomized trials found clinically significant weight
gain among non-pregnant people living with HIV (PLWH) after
initiating antiretroviral therapy (ART) with dolutegraivr (DTG).
The ADVANCE trial in South Africa found individuals initiating
DTG gained 3kg-6 kg after 48 weeks, compared with 1 kg after
initiating efavirenz-based ART (EFV), whereas the NAMSAL trial
in Cameroon found individuals initiating DTG gained 5 kg after
48 weeks, compared with 3 kg after initiating EFV. Weight gain
was largest among female participants. Neither study included
an HIV-uninfected comparator group, leading to debate about
whether weight gain with DTG is excessive or simply repre-
sents a ‘return to health’.

Added value of this study

This is the first study to evaluate weight gain after initiating DTG
in pregnant women, which is important because both excess
(more than the maximum recommended) and insufficient (less
than the minimum recommended) gestational weight gain can
adversely impact pregnancy outcomes. The impact of DTG on
gestational weight gain may differ from its impact on weight
gain in non-pregnant women. Our study compared gestational
weight gain among 1464 women who initiated DTG in preg-
nancy, 1683 women who initiated EFV in pregnancy and 21,917
HIV-uninfected women within an ongoing birth outcomes sur-
veillance study in Botswana. We found that women initiating
DTG during pregnancy gained more weight than women initiat-
ing EFV during pregnancy, corresponding to more excess weight
gain but also less insufficient weight gain and less weight loss.
Neither group gained as much weight as HIV-uninfected preg-
nant women. Our findings additionally highlight a high overall
risk of insufficient weight gain and weight loss in HIV-positive
women initiating ART during pregnancy.

Implications of all the available evidence

Initiation of DTG in pregnant women may lead to excess gesta-
tional weight gain but may also decrease insufficient weight
gain and weight loss in pregnancy compared to initiation of EFV.
Future work is needed to understand the impact of weight gain
differences by ART regimen on maternal and infant outcomes in
HIV-positive women and whether interventions to improve
nutrition in pregnancy could mitigate the increased risk of
adverse birth outcomes among HIV-infected women on ART.
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found individuals initiating DTG gained an average of 3 kg (when DTG
was combined with tenofovir disoproxil fumarate (TDF)) to 6 kg
(when DTG was combined with tenofovir alefanamide (TAF))) after
48 weeks, compared with 1 kg after initiating efavirenz-based ART
(EFV) [9]. Weight increase was greatest among female participants
and those with an ART regimen that included TAF compared with
TDF [9]. The NAMSAL trial in Cameroon found individuals initiating
DTG gained 5 kg after 48 weeks (when DTG was combined with TDF),
compared with 3 kg after initiating EFV [8]. Weight gain of 10% or
more was greater among women than men [8]. A significant propor-
tion of patients on DTG in both trials developed clinical obesity (Body
Mass Index (BMI) >30), [8,9] though some argue this weight gain is
appropriate as patients who achieve control of their chronic viral
infection return to health [10,11].

There is concern that with longer follow up, excess weight gain
with DTG will lead to increases in obesity-associated morbidity such
as hypertension, diabetes and cardiovascular disease [12]. Given that
almost half the global population of PLWH are women of reproduc-
tive age, there is also the potential for DTG initiation to increase
weight gain in pregnancy which could adversely impact both mater-
nal and fetal outcomes [13]. Excess weight gain in pregnancy is asso-
ciated with gestational diabetes, [14] hypertension, [15] increased
fetal growth and birth weight, [16,17] macrosomia, [17] more diffi-
cult labor, [15] and cesarean delivery complications [17]. Pre-preg-
nancy obesity also increases risk of neural tube defects [18]. In
contrast, insufficient weight gain in pregnancy is associated with pre-
term birth and decreased fetal growth and birth weight [13,16,17]
Many low- and middle-income countries are now confronted with a
“double burden” of disease, whereby the high prevalence and conse-
quences of infectious diseases and malnutrition are being com-
pounded by an increase in obesity, overweight, and other non-
communicable disease risk factors [19]. For example, in Botswana, it
is estimated that 41% of individuals are either overweight or obese
(BMI at or above 25 kg/m2), [20] and that the prevalence is greater
among women than men [20,21].

In May 2016, Botswana became the first country in the world to
recommend use of DTG as first-line ART for all adults (including preg-
nant women), replacing EFV as standard of care [22]. The Tsepamo
Study has been conducting birth outcomes surveillance at delivery
hospitals throughout Botswana since August 2014, providing the first
comparison of outcomes among women initiating DTG with women
initiating EFV in pregnancy [5,6,23]. In this analysis, we use Tsepamo
data to investigate differences in gestational weight gain among
women initiating DTG compared with EFV in pregnancy. To put our
results in context and since little is known about differences in excess
and insufficient gestational weight gain comparing HIV-infected
women initiating ART and HIV-uninfected women, we also assessed
gestational weight gain among HIV-uninfected pregnant women.

2. Methods

2.1. The Tsepamo study

Tsepamo is a birth outcomes surveillance study in Botswana [24].
Data are abstracted from the maternity obstetric record (a record of
antenatal care) at the time of delivery from all women delivering at
selected hospitals throughout the country. Tsepamo included 8 sites
(~45% of all births in Botswana) from August 2014-July 2018 and
expanded to include 18 sites (increasing coverage to ~72% of all births)
from July 2018-March 2019. The maternity sites that were originally
included were 2 tertiary referral hospitals, 5 district hospitals, and 1
primary-level hospital; 4 district and 6 primary-level hospitals were
added in 2018. The surveillance study captures data on >99% of all
births that take place at the included sites as almost all women bring
their antenatal medical records (‘maternity card’) to delivery [6,24]. In
Botswana, approximately 95% of women deliver at a hospital [25].

Information collected from the maternity obstetric record
includes demographics, past medical history, diagnoses, hospitaliza-
tions and complications during pregnancy, medications prescribed
during pregnancy, HIV history (including timing of diagnoses, ART
regimens, CD4 count and viral loads), and clinical information includ-
ing lab results, blood pressure, and weight measurements. All weight
measurements ascertained and recorded by nurses or midwives from
the time of the first antenatal care (ANC) visit to delivery are captured
in the maternity obstetric record with associated dates. Self-reported
pre-pregnancy weight is recorded when available. Height is mea-
sured but rarely recorded (approximately 1%) and upper arm circum-
ference is not measured. Gestational age is documented by midwives
at the time of delivery based on the estimated date of delivery (EDD).
EDD is calculated at the first ANC visit using the reported last men-
strual period and confirmed by ultrasound when available. If the last
menstrual period date is unknown or suspected to be incorrect,



E.C. Caniglia et al. / EClinicalMedicine 29�30 (2020) 100615 3
fundal height measurements are used by the midwives to estimate
gestational age.

Before May 2016, Botswana recommended initiation of TDF/emtri-
citabine(FTC)/EFV for all ART naïve adults with CD4 <350 cells/mm3

and for all pregnant women, regardless of CD4 cell count. In May 2016,
TDF/FTC/DTG replaced TDF/FTC/EFV as the first-line regimen for all
adults and all pregnant women and CD4 restrictions were removed. In
September 2018, Botswana began to transition from TDF/FTC/DTG to
TDF/lamivudine (3TC)/DTG to decrease the pill burden from 2 pills per
day (TDF/FTC plus DTG) to 1 pill per day (TDF/3TC/DTG combined for-
mulation). Women with kidney dysfunction or intolerance/resistance
to TDF/FTC could access abacavir/3TC or zidovudine/3TC. TAF is not yet
available in Botswana’s national HIV program.

2.2. Eligibility criteria, exposure groups, and definition of baseline

HIV-positive women who initiated ART for the first time between
the estimated last menstrual period and 17 weeks gestation were
included in our analysis. We excluded women who initiated an ART
regimen other than a DTG-based or EFV-based regimen. We also
included HIV-uninfected women within one standard deviation of
the mean age of the HIV-positive women who attended an antenatal
clinic between the estimated last menstrual period and 17 weeks
gestation. Multiple pregnancies were included. Baseline was defined
as the date of ART initiation for HIV-positive women and as the date
of the first ANC visit for HIV-uninfected women. Our study popula-
tion was restricted to women who gave birth from August 2014 to
March 2019.

2.3. Outcomes

We evaluated two primary outcomes. First, we calculated weekly
weight gain from 18§2 to 36§2 weeks gestation as the difference in
weight measured at 36§2 weeks and 18§2 weeks divided by the
number of weeks between the measurements. Second, we calculated
total 18-week weight gain from 18§2 to 36§2 weeks gestation as
the difference in weight measured at 36§2 weeks and 18§2 weeks
among women who had two weight measurements recorded 18
weeks apart. We required the 18§2 measurement to occur at or after
baseline. We chose 18§2 and 36§2 weeks as the timeframes for the
weight measurements to capture a weight measurement soon after
baseline (ART initiation if HIV-positive) and to avoid the majority of
the variation in gestational duration.

Secondary outcomes included weekly weight gain greater than
0.59 kg/week from 18§2 to 36§2 weeks (‘excess weight gain’),
weekly weight gain less than 0.18 kg/week from 18§2 to 36§2
weeks (‘insufficient weight gain’), and any weight loss from 18§2 to
36§2 weeks. These cut-points are based on the Institute of Medicine
(IOM) 2009 guidelines on gestational weight gain (converted from
pounds to kilograms), which recommend gaining no more than
0.59 kg/week and no less than 0.18 kg/week in the second and third
trimesters, regardless of pre-pregnancy BMI category (IOM guidelines
recommend women with BMI<18.5 gain the most weight of all BMI
categories, up to 0.59 kg/week, and women with BMI�30 gain the
least week of all BMI categories, at least 0.18 kg/week; therefore,
these values can be used to define excess and insufficient weight gain
regardless of pre-pregnancy BMI) [13]. Follow-up ended at 36§2
weeks for the purpose of all of our analyses.

2.4. Analysis

We examined demographic information by exposure group using
sample means and proportions. For weekly weight gain and total 18-
week weight gain, we fit linear regression models to estimate mean dif-
ferences and 95% confidence intervals comparing women initiating DTG
to women initiating EFV, and comparing HIV-uninfected women to
women initiating EFV. Our models included a 3-level exposure variable
(with EFV as the referent) and were adjusted for several baseline covari-
ates: age (<25, 25�30, �30 years), pre-ART CD4 in pregnancy (>200
cells/ml or HIV-uninfected, �200 cells/ml or missing), employment (sal-
aried, other or unknown), education (secondary education or higher,
other or unknown), parity (�1, 0 or unknown), gravidity (�2, 1 or
unknown), marital status (yes, no or unknown), site (tertiary referral
hospital, other), smoking during pregnancy (yes, no or unknown), alco-
hol use during pregnancy (yes, no or unknown), pre-pregnancy weight
(<50 kg, 50�80 kg, �80 kg, unknown), baseline weight in pregnancy
(<50 kg, 50�80 kg, �80 kg, unknown), gestational age at baseline (<12
weeks, �12 weeks), and any medical diagnosis prior to pregnancy other
than HIV (yes, no or unknown). Examples of common diagnoses prior to
pregnancy include sexually transmitted infections (STI), anemia, hyper-
tension, and asthma.

For weekly weight gain greater than 0.59 kg/week, weekly weight
gain less than 0.18 kg/week, and weight loss from 18§2 to 36§2
weeks, we fit log-binomial regression models [26] to estimate risk
ratios (an appropriate measure of association for non-rare outcomes)
and 95% confidence intervals comparing women initiating DTG to
women initiating EFV, and comparing HIV-uninfected women to
women initiating EFV. Our models were adjusted for the same base-
line covariates listed above.

We conducted subgroup analyses to evaluate effect modification
by baseline weight in pregnancy (<50 kg and �80 kg) and by gravid-
ity (primigravid and non-primigravid).

Women who did not have a weight measurement at 18§2 weeks
and/or at 36§2 weeks had missing outcome data for weekly weight
gain from 18§2 to 36§2 weeks gestation and womenwho did not have
two weight measurements recorded 18 weeks apart had missing out-
come data for total 18-week weight gain. If the factors associated with
having a missing weight were also related to the weekly or total weight
gain, restricting our analysis to only women who had the weight meas-
urements of interest could induce selection bias. We attempted to
adjust for this potential selection bias by estimating inverse probability
of censoring weights in a sensitivity analysis [27]. To do so, we fit a
logistic regression model for not having missing data on weekly weight
gain conditional on the exposure group, the baseline covariates listed
above, the number of ANC visits (<10, 10�14, >14), and any maternal
diagnosis during pregnancy (yes, no or unknown). Our weights were
stabilized [27] and used in the models evaluating weekly weight gain. A
similar analysis was conducted for total 18-weekweight gain. To further
explore the sensitivity of our findings to missing outcome data, we per-
formed additional sensitivity analyses where we restricted our analysis
to individuals with baseline weight and where we evaluated weight at
36§2 weeks gestation as an outcome.

To evaluate the potential for residual confounding by missing data
for baseline weight in pregnancy, we also conducted a sensitivity
analysis restricted to women with a known baseline weight. CD4 cell
count was infrequently measured in Botswana after CD4 restrictions
were removed from treatment initiation guidelines in 2016. [6,28] To
account for unmeasured or residual confounding by CD4 cell count,
we varied how we categorized CD4 cell count in several sensitivity
analyses (e.g., including a missing indicator for CD4 cell count, dichot-
omizing CD4 cell count as<200 cells/ml versus �200 cells/ml or miss-
ing, and using cut-points of 350 cells/ml and 500 cells/ml). In a final
sensitivity analysis, we restricted our analysis to singleton pregnan-
cies. All analyses were conducted using SAS. The reporting of this
study conforms to the STROBE statement.

2.5. Role of the funding source

The funders had no role in study design, data collection and analy-
sis, data interpretation, or preparation of the manuscript. The corre-
sponding author had full access to all data in the study and had final
responsibility for the decision to submit for publication.
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2.6. Ethics approval

Ethics approval for this study was granted by the Health Research
and Development Committee in Botswana and by the Office of
Human Research Administration at the Harvard T.H. Chan School of
Public Health. Maternal consent was waived as data were collected
anonymously and via chart abstraction.

3. Results

Of 28,686 HIV-positive women included in Tsepamo surveillance,
3262 (11%) initiated ART between conception and 17 weeks gesta-
tion. Of these, 1464 initiated DTG (45%), 1683 (52%) initiated EFV, and
115 (4%) initiated other ART or an unknown regimen. TDF/FTC was
the most common backbone for both DTG- (98.8%) and EFV- (99.8%)
based regimens. Of 40,730 HIV-uninfected women, 21,917 (54%)
attended an ANC visit prior to 17 weeks gestation. Fig. 1 shows the
study inclusion and available outcome data by exposure group.
Women included who initiated DTG, EFV, or were HIV-uninfected
had similar baseline characteristics, including age, employment sta-
tus, educational attainment, pre-pregnancy weight and weight at
baseline (Table 1). The proportion of singleton pregnancies was the
same in all exposure groups (~98%). There were modest increases
over the study period with respect to median baseline weight (63 kg
in 2014 to 64.4 kg in 2018) and the proportion of women with base-
line weight �80 kg (17.3% in 2014 to 19.3% in 2018) (Appendix
Fig. 1). Compared with HIV-positive women, HIV-uninfected women
were more likely to be nulliparous and primigravid. Compared with
women initiating EFV-based ART, women initiating DTG-based ART
were less likely to have a CD4 cell count measured at or before
HIV-posi�ve
n=28,686

Known LMP
n=27,889

Ini�ate ART between concep�on 
and 17 weeks gesta�on

n=3,262

Ini�ate DTG
n=1,464

Ini�ate EFV
n=1,683

Available weekly 
weight change 
n=929 (63%)

Available total 
weight change from 

18 to 36 weeks 
n=621 (42%)

Available weekly 
weight change 
n=1,127 (67%)
Available total 

weight change from 
18 to 36 weeks 

n=757 (45%)

Fig. 1. Study inclusion b
baseline (8.9% versus 35.8%), had lower median pre-ART CD4 cell
counts (351 versus 399 cells/ml) and initiated ART on average 1 week
earlier.

Average weekly weight gain and total 18-week weight gain from
18§2 to 36§2 weeks was lower for women initiating EFV than
women initiating DTG and both groups had less weight gain than
HIV-uninfected women (Table 2). The adjusted mean difference (95%
CI) in weekly weight gain was 0.05 (0.03, 0.07) kg/week for women
initiating DTG and 0.12 (0.10, 0.14) kg/week for HIV-uninfected
women, compared with women initiating EFV. The adjusted mean
difference (95% CI) in total 18-week weight gain was 1.05 (0.61, 1.49)
kg for women initiating DTG and 2.31 (1.85, 2.77) kg for HIV-unin-
fected women, compared with women initiating EFV (Table 2).

Almost one quarter of HIV-uninfected women (23.1%) gained
more weight than the IOM recommended amount (0.59 kg/week),
compared with 12.9% of women initiating DTG and 9.1% of women
initiating EFV. The adjusted risk ratio for excess weight gain was
1.44 (1.11, 1.87) for women initiating DTG and 2.41 (1.81, 3.21) for
HIV-uninfected women, compared with women initiating EFV. In
contrast, 27.7% of women initiating EFV gained less weight than
the IOM recommended amount (0.18 kg/week), compared with
20.2% of women initiating DTG and 11.1% of HIV-uninfected
women. The adjusted risk ratio for insufficient weight gain was
0.73 (0.63, 0.86) for women initiating DTG and 0.48 (0.41, 0.57) for
HIV-uninfected women, compared with women initiating EFV.
More women initiating EFV lost weight (9.4%) than women initiat-
ing DTG (4.4%) and HIV-uninfected women (2.2%). The adjusted
risk ratio for losing weight was 0.43 (0.28, 0.67) for DTG and 0.30
(0.19, 0.47) for HIV-uninfected women, compared with women ini-
tiating EFV (Table 3).
HIV-nega�ve
n=40,730

Known LMP
n=40,067

Antenatal clinic visit prior to 17 
weeks gesta�on

n=21,917

HIV-nega�ve
n=21,917

Available weekly 
weight change 
n=16,406 (75%)
Available total 

weight change from 
18 to 36 weeks 
n=11,280 (51%)

y exposure group.



Table 1
Baseline characteristics by exposure group.

Baseline characteristics Mean (SD) or Number (%) EFV-based ART (n = 1683) DTG-based ART (n = 1464) HIV-uninfected (n = 21,917)

Age, mean (SD) 28.78 (5.73) 28.92 (5.95) 28.26 (3.07)
<25 years 454 (27.0) 395 (27.0) 2723 (12.4)
25 to <30 years 483 (28.7) 411 (28.1) 11,456 (52.3)
�30 years 746 (44.3) 658 (45.0) 7738 (35.3)

First CD4 in pregnancy
>200 cells/ml 523 (31.1) 110 (7.5) n/a
�200 cells/ml 79 (4.7) 20 (1.4) n/a
missing 1081 (64.2) 1334 (91.1) n/a
Median cells/ml 399 351 n/a

Salaried employment 755 (44.9) 613 (41.9) 11,447 (52.2)
Secondary education or higher 1547 (91.9) 1365 (93.2) 21,127 (96.4)
Parity �1 1194 (70.9) 1014 (69.2) 13,754 (62.8)
Gravidity �2 1262 (75.0) 1075 (73.4) 14,747 (67.3)
Married 159 (9.5) 116 (7.9) 3562 (16.3)
Smoking during pregnancy 31 (1.8) 32 (2.2) 197 (0.9)
Alcohol during pregnancy 148 (8.8) 177 (12.1) 2088 (9.5)
Tertiary site 863 (51.3) 782 (53.4) 10,557 (48.2)
Gestational age at baseline*, mean (SD) weeks 12.88 (3.45) 11.85 (3.82) 12.24 (3.02)
<12 weeks gestational age at baseline 484 (28.8) 625 (42.7) 9438 (43.1)
Baseline** weight in pregnancy, mean (SD) 65.62 (15.13) kg 65.66 (16.14) kg 66.51 (15.68) kg

<50kg 133 (7.9) 116 (7.9) 2195 (10.0)
50�80kg 780 (46.4) 519 (35.5) 12,682 (57.9)
�80kg 184 (10.9) 138 (9.4) 3326 (15.2)
Missing 586 (34.8) 691 (47.2) 3714 (17.0)

Pre-pregnancy weight, mean (SD) 62.60 (14.85) kg 62.80 (15.36) kg 63.01 (14.63) kg
<50kg 103 (6.1) 98 (6.7) 1418 (6.5)
50�80kg 463 (27.5) 379 (25.9) 6548 (29.9)
�80kg 93 (5.5) 90 (6.2) 1341 (6.1)
Missing 1024 (60.8) 897 (61.3) 12,610 (57.5)

Medical diagnosis prior to pregnancy other than HIV 294 (17.5) 239 (16.3) 3189 (14.5)

* Baseline is ART initiation for HIV-positive women, first ANC visit for HIV-uninfected women.
** The baseline weight is the first weight in pregnancy at or prior to ART initiation for HIV-positive women and at or prior to the first ANC visit for

HIV-uninfected women.

Table 2
Average weekly weight gain and weight gain from 18§2 to 36§2 weeks by exposure group.

EFV-based ART DTG-based ART HIV-uninfected

Average weekly weight gain from 18§2 weeks to 36§2 weeks
Mean (SD) 0.31 (0.23) kg/week 0.35 (0.22) kg/week 0.44 (0.23) kg/week
Unadjusted mean difference (95% CI) 0.00 (Reference) 0.05 (0.03, 0.07) kg/week 0.13 (0.12, 0.15) kg/week
Adjusted* mean difference (95% CI) 0.00 (Reference) 0.05 (0.03, 0.07) kg/week 0.12 (0.10, 0.14) kg/week
Total weight gain from 18§2 weeks to 36§2 weeks
Mean (SD) 5.30 (4.35) kg 6.27 (3.96) kg 7.95 (4.11) kg
Unadjusted mean difference (95% CI) 0.00 (Reference) 0.97 (0.53, 1.40) kg 2.64 (2.34, 2.95) kg
Adjusted* mean difference (95% CI) 0.00 (Reference) 1.05 (0.61, 1.49) kg 2.31 (1.85, 2.77) kg

* Adjusted for age, first CD4 in pregnancy (if prior to ART initiation), employment, education, parity, gravidity, marital status, site, smoking and alco-
hol use during pregnancy, pre pregnancy weight, first weight in pregnancy (if prior to ART initiation or first ANC), gestational age at ART initiation, and
medical history prior to pregnancy.
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Women weighing <50 kg in early pregnancy gained more weight
than women weighing �80 kg in early pregnancy. The adjusted
mean differences in weight gain comparing women initiating DTG
with women initiating EFV were larger among women weighing
�80 kg in early pregnancy and attenuated among women weighting
<50 kg in early pregnancy, but were largely unchanged when com-
paring HIV-uninfected women to women initiating EFV. Primigravid
women gained more weight than non-primigravid women, but the
adjusted mean differences were similar (Fig. 2 and Appendix Table 1).

Approximately 25% of women included in our analysis were miss-
ing data on weekly weight gain from 18§2 to 36§2 weeks gestation
because they did not have a weight measurement at 18§2 weeks
(37%), they did not have a weight measurement at 36§2 weeks
(47%), or both (16%). Approximately 50% of women included in our
analysis were missing data on total 18-week weight gain from 18§2
to 36§2 weeks gestation because they did not have two weight
measurements recorded 18 weeks apart. The proportion of women
missing data for the weight gain outcomes was similar according to
age, employment, parity, gravidity, marital status, alcohol use, and
site; however, missing data for the weight gain outcomes was more
likely for women who initiated DTG, had a CD4 cell count �200 cells/
ml or missing CD4 cell count, had less than secondary education,
smoked during pregnancy, had missing baseline weight in preg-
nancy, did not have a medical diagnosis prior to pregnancy, and had
fewer than 10 ANC visits during pregnancy (Appendix Table 2).
Including inverse-probability weights for missing data on the out-
comes attenuated estimates by approximately 20% (though confi-
dence intervals were overlapping) for average weekly weight gain
(mean difference and 95% CI, 0.04 (0.02, 0.06) kg/week) and total 18-
week weight gain (mean difference and 95% CI, 0.80 (0.30, 1.31) kg)
comparing DTG to EFV. The inverse-probability weighted estimates
comparing HIV-uninfected women to women initiating EFV were
largely unchanged (Appendix Table 3). Women with baseline weight
measures were less likely to have missing outcome data (21% missing



Table 3
Excess weight gain, insufficient weight gain, and weight loss from 18§2 to 36§2 weeks by exposure group.

EFV-based ART DTG-based ART HIV-uninfected

Average weekly weight gain greater than
0.59 kg/week (excess weight gain)

(n = 1127) (n = 929) (n = 16,406)

Total (%) 102 (9.1) 120 (12.9) 3797 (23.1)
Unadjusted risk ratio (95% CI) 1.00 (Reference) 1.43 (1.11, 1.83) 2.56 (2.12, 3.08)
Adjusted* risk ratio (95% CI) 1.00 (Reference) 1.44 (1.11, 1.87) 2.41 (1.81, 3.21)
Average weekly weight gain less than
0.18 kg/week (insufficient weight gain)

(n = 1127) (n = 929) (n = 16,406)

Total (%) 312 (27.7) 188 (20.2) 1826 (11.1)
Unadjusted risk ratio (95% CI) 1.00 (Reference) 0.73 (0.62, 0.86) 0.40 (0.36, 0.45)
Adjusted** risk ratio (95% CI) 1.00 (Reference) 0.73 (0.63, 0.86) 0.48 (0.41, 0.57)
Weight loss (n = 757) (n = 621) (n = 11,280)
Total (%) 71 (9.4) 27 (4.4) 246 (2.2)
Unadjusted risk ratio (95% CI) 1.00 (Reference) 0.46 (0.30, 0.71) 0.23 (0.18, 0.30)
Adjusted** risk ratio (95% CI) 1.00 (Reference) 0.43 (0.28, 0.67) 0.30 (0.19, 0.47)

* Adjusted for age, first CD4 in pregnancy (if prior to ART initiation), employment, education, parity, gravidity, marital status,
site, smoking and alcohol use during pregnancy, pre pregnancy weight, first weight in pregnancy (if prior to ART initiation or
first ANC), gestational age at ART initiation, and medical history prior to pregnancy.
** Adjusted for all variables listed above except smoking, alcohol, pre pregnancy weight and first weight in pregnancy (these

variables were excluded from the model due to model convergence issues).

Fig. 2. Unadjusted means and adjusted mean differences for weekly weight gain (a) and total weight gain (b) from 18§2 to 36§2 weeks by exposure group and in subgroups
defined by baseline weight in pregnancy and gravidity.
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for weekly weight gain), and the proportion missing was more bal-
anced by exposure group. Restricting the analysis to individuals with
baseline weight measures did not materially affect our estimates
(Appendix Table 3). 16% of pregnant women had data on weight at
36§2 weeks gestation. Mean weight at 36§2 weeks gestation was
highest among HIV-uninfected women and lowest among women
initiating EFV (Appendix Table 4).

Varying assumptions about categorizing missing CD4 cell count
also did not materially affect our estimates (Appendix Table 5).
Restricting our analysis to singleton pregnancies did not affect our
estimates.

4. Discussion

We used a large birth outcomes surveillance study in Botswana to
provide the first data on gestational weight gain after initiating DTG-
based ART in pregnancy. We found that compared with women initi-
ating EFV during pregnancy, women initiating DTG gained more
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weight, and were less likely to lose weight, between 18§2 and 36§2
weeks gestation. However, women initiating DTG and EFV both
gained less weight, were more likely to gain insufficient weight, and
were more likely to lose weight than HIV-uninfected women.

Our findings of increased weight gain with DTG-based ART are
consistent with two randomized clinical trials in non-pregnant
adults. The ADVANCE trial showed adults initiating DTG gained 2kg-
5 kg more than adults initiating EFV after 48 weeks [9] and the
NAMSAL trial showed adults initiating DTG gained 2 kg more than
adults initiating EFV after 48 weeks, [8] with greater weight gain in
women compared to men. Unlike these two trials, our study also
compared weight gain to HIV-uninfected women, who had more ges-
tational weight gain than both women on DTG and EFV and less
weight loss.

The clinical implications of our study findings may be mixed in
terms of pregnancy outcomes. Insufficient weight gain and weight
loss in pregnancy are associated with preterm birth and decreased
birth weight and fetal growth [13,16,17]. Women on DTG had less
insufficient weight gain (20.2%) than women on EFV (27.7%) and
were less likely to lose weight (4.4%) than women on EFV (9.4%).
However, excess weight gain in pregnancy is associated with preg-
nancy and delivery complications and increased fetal growth and
birth weight, [14-17] and those on DTG were more likely to gain
excess weight (12.9%) compared with EFV (9.1%). Still, neither
women initiating DTG nor women initiating EFV gained as much
weight as HIV-uninfected pregnant women, suggesting that HIV or
ART may impact the ability to gain weight in pregnancy. This may be
explained by differences in the risk of malnutrition, infection or
metabolism in these groups or by a specific effect of ART. A mecha-
nism for excess weight gain with DTG has not yet been identified and
further research is needed to understand this finding [29,30].

Our study has several limitations. IOM guidelines on appropriate
gestational weight gain vary by pre-pregnancy BMI, which was not
available in our study as height is rarely recorded and upper arm cir-
cumference is not measured. This made it more difficult to estimate
the clinical impact of gestational weight gain. However, the IOM
guideline recommended rates of weight gain in the second and third
trimester range from 0.18�0.59 kg/week regardless of pre-pregnancy
BMI category [13] and so we evaluated weight gain greater than
0.59 kg/week and weight gain less than 0.18 kg/week to approximate
excess and insufficient weight gain. This may have underestimated
differences at the extremes of BMI. Given that pre-pregnancy weight
did not vary substantially by exposure group and median height was
unlikely to differ by exposure group, we do not believe this underes-
timation of excess and insufficient weight gain was differential with
respect to exposure group. IOM guidelines also have some limitations
[31], including that they are predominantly based on studies con-
ducted in the US population.

In addition to missing data on pre-pregnancy BMI, several other
limitations of our study should be noted that could prevent a causal
interpretation of our findings. First, data on weekly weight gain was
not available for approximately 25% of women eligible for our analy-
sis and data on total 18-week weight gain was not available for
approximately 50% of women eligible for our analysis. Using inverse
probability weighting to adjust for potential selection bias did not
materially affect our estimates, though the weight gain estimates
comparing DTG to EFV were slightly attenuated. However, it is possi-
ble that there were unmeasured factors impacting both measuring
and recording of weight measurements and actual weight gain. Given
the magnitude of the missing data for weight gain, our findings
should be interpreted with caution. Second, data on important con-
founding variables such as early pregnancy weight and early preg-
nancy CD4 cell count were missing for many people. However, our
results were largely unchanged in a sensitivity analysis restricted to
individuals with available data on early pregnancy weight and in sen-
sitivity analyses where we varied how CD4 cell count was
categorized. Third, while our analyses adjusted for several key con-
founding variables like age, gravidity, smoking, and medical history,
unmeasured and residual confounding cannot be ruled out. Specifi-
cally, the surveillance study does not collect data on food insecurity,
which could differ by HIV status and impact weight gain. Last, our
findings may not be generalizable to HIV-infected pregnant women
in other regions with different distributions of potential effect modi-
fiers such as race, [32-34] obesity, and malnutrition. An important
strength of our study was its large sample size, and ability to compare
women with similar demographics and antenatal care in each expo-
sure group.

In summary, women initiating DTG during pregnancy gained
more weight than women initiating EFV during pregnancy, corre-
sponding to more excess weight gain but less insufficient weight gain
and less weight loss. Neither group gained as much weight as HIV-
uninfected pregnant women. HIV-uninfected women have the high-
est risk of excess weight gain and the lowest risks of insufficient
weight gain and weight loss. Our findings highlight a high overall
risk of insufficient weight gain (>24%) and weight loss (>7%) in HIV-
positive women initiating ART during pregnancy. Further analyses
are planned to evaluate weight gain among women who start ART
prior to pregnancy and to understand the impact of weight gain dif-
ferences by ART regimen on maternal and infant outcomes in HIV-
positive women. Future studies are needed to evaluate whether
interventions to improve nutrition in pregnancy could mitigate the
increased risk of adverse birth outcomes among HIV-infected women
on ART.
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