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Summary
Background The integrase strand transfer inhibitor (INSTI) dolutegravir is recommended in World Health Organi-
zation guidelines, but is associated with weight gain. We evaluated weight change in patients switching from
efavirenz to dolutegravir in first-line antiretroviral therapy (ART) in Johannesburg, South Africa.

Methods We conducted a prospective cohort study of adults (≥16 years) of black African ancestry with HIV who
initiated ART between January 2010–December 2020. Patients were propensity score-matched 1:1 (unexposed i.e.
remaining on efavirenz: exposed i.e. switched from efavirenz to dolutegravir) on sex, age, months on ART, first
ART regimen, haemoglobin, body mass index (BMI), blood pressure, viral load and CD4 count. We used linear
regression to assess the effect of switching from efavirenz to dolutegravir on weight change and hypertension
12 months after exposure.

Findings We matched 794 patients switching to dolutegravir to 794 remaining on efavirenz. Exposed patients had a
higher mean change in weight (1.78 kg; 95% confidence interval (CI):1.04,2.52 kg) from start of follow-up to
12 months vs. unexposed. We also found a 14.2 percentage point increase (95% CI: 10.6,17.7) in the risk of
hypertension in those exposed to dolutegravir vs those that remained on efavirenz.

Interpretation In a real-world population, patients gained more weight and were at higher risk of hypertension after
switching from efavirenz to dolutegravir than those remaining on efavirenz. Longer follow-up is needed, however, to
determine if INSTI-associated weight gain is associated with changes in non-communicable disease risk over the
long-term, or whether weight gain is sustained, as seen in clinical trials.
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Introduction
In 2016, World Health Organization (WHO) guidelines
recommended integrase strand transfer inhibitors
(INSTIs), specifically dolutegravir, as an alternative to
efavirenz in first-line antiretroviral therapy (ART), with
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an updated recommendation including it as the
preferred drug over efavirenz from 2018.1 The recom-
mendation reflected the INSTI dolutegravir’s favourable
profile with regard to sustained viral suppression,
resistance, and tolerance over efavirenz. The Clinton
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Research in context

Evidence before this study
In 2016, World Health Organization guidelines recommended
integrase strand transfer inhibitors (INSTIs), specifically
dolutegravir, as an alternative to efavirenz in first-line
antiretroviral therapy (ART), with an updated
recommendation including it as the preferred drug over
efavirenz from 2018. The recommendation reflected the INSTI
dolutegravir’s favourable profile with regard to sustained viral
suppression, resistance, and tolerance over efavirenz.
However, in 2020, results of two large randomized clinical
trials out of sub-Saharan Africa demonstrated substantial
weight gain among people taking dolutegravir compared to
efavirenz, The New Antiretroviral and Monitoring Strategies
in HIV-infected Adults in Low-income countries (NAMSAL)
trial and The ADVANCE trial. In sub-Saharan Africa, where the
prevalence of obesity and uptake of ART are simultaneously
on the rise, examining ART-associated weight gain and
subsequent cardiometabolic risks in routine care, is of the
utmost importance.

Added value of this study
We sought to compare absolute and percentage weight
change and risk of hypertension over 12 months between
people living with HIV (PLWH) in Johannesburg, South Africa

who switched from efavirenz to dolutegravir in their standard
first-line regimen to PLWH who remained on efavirenz. We
conducted a prospective cohort study where we matched 794
patients switching to dolutegravir to 794 patients remaining
on efavirenz. Our data confirm findings from these previous
clinical trials and demonstrate that in a real-world population
of PLWH on ART, patients gained 1.78 kg in weight 12
months post switching from efavirenz to dolutegravir than
those remaining on efavirenz. We also saw a 14.2 percentage
point increase in the risk of hypertension in those exposed
to dolutegravir compared to those that remained on
efavirenz.

Implications of all the available evidence
Dolutegravir will continue to be the drug of choice in first-line
ART in low- and middle-income countries (LMICs) due to its
cost-savings potential, better tolerability—leading to better
retention in care and higher potency—leading to fewer people
needing to switch to costlier second-line regimens. However,
long-term follow-up is needed in clinical trials and from
routine care to determine if dolutegravir-associated weight
gain is sustained over time and if the weight gain is
associated with changes in non-communicable diseases (NCD)
(e.g., hypertension, type 2 diabetes mellitus) risk.
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Health Access Initiative estimates that 90% of first-line
antiretroviral patients in low- and middle-income
countries (LMICs) will be taking dolutegravir-
containing fixed dose combinations and suggests that
switching from efavirenz to dolutegravir will improve
patient outcomes and ultimately lead to cost savings.2

As the virus itself causes weight loss in people living
with HIV (PLWH), many patients gain weight following
ART initiation as part of their ‘return to health’. Such
weight gain has been shown to have positive effects on
survival, particularly in those underweight at the start of
ART, particularly in LMICs where wasting is more
prevalent and treatment initiation is often delayed to
more advanced stages of HIV disease.3,4 The benefits of
weight gain, however, may be diminishing due to
steadily rising rates of obesity globally and the associa-
tion of obesity with an increased risk of mortality. For
patients who are overweight at the time of ART initia-
tion and who start ART at an earlier stage of HIV dis-
ease, a return to their pre-HIV weight may in fact create
additional health risks. ART-associated weight gain
among PLWH could result in incident obesity and
subsequent increased risk of metabolic and cardiovas-
cular diseases.5,6

Potentially worsening this risk, two large randomised
clinical trials in sub-Saharan Africa have demonstrated
substantial weight gain among people taking dolute-
gravir compared to efavirenz. The New Antiretroviral
and Monitoring Strategies in HIV-infected Adults in
Low-income countries (NAMSAL) study, conducted in
Cameroon, randomized 613 ART naïve participants to
dolutegravir or efavirenz at the low dose of 400 mg
combined with tenofovir disoproxil fumarate (tenofovir)
and lamivudine. The study reported greater increases in
body weight and treatment-emergent obesity in the
dolutegravir arm.7 The ADVANCE trial, conducted in
South Africa, randomized 1053 ART-naive participants
to dolutegravir or efavirenz at the standard dose of
600 mg, both combined with emtricitabine and tenofo-
vir, and a third arm of dolutegravir combined with
emtricitabine and tenofovir alafenamide (TAF). Results
showed greater increases in body weight in both dolu-
tegravir arms compared to efavirenz.8

Earlier studies evaluating the impact of INSTIs on
long-term weight have found that most weight gain
occurs within the first 24 months following initiation,
then plateaus,5 while recent results from the ADVANCE
trial show weight gain continues to be higher in patients
on dolutegravir through 196 weeks of follow-up.9 The
magnitude of short-term weight gain (48 weeks) in the
dolutegravir arms of the ADVANCE and NAMSAL tri-
als, particularly among female participants, remains
cause for concern, as substantial weight gain and inci-
dent obesity are major risk factors for multiple non-
communicable diseases (NCDs), such as diabetes and
hypertension.10 In sub-Saharan Africa, where the prev-
alence of obesity and uptake of ART are simultaneously
on the rise, examining ART-associated weight gain and
www.thelancet.com Vol 57 March, 2023
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subsequent cardiometabolic risks in routine care, is
of the utmost importance. We therefore compared
absolute and percentage weight change and risk of
hypertension over 12 months between PLWH in
Johannesburg, South Africa who switched from efavir-
enz to dolutegravir in their standard first-line regimen
to PLWH who remained on efavirenz.
Methods
Cohort description
We conducted a matched prospective cohort study
amongst ART-naïve, non-pregnant adults (≥16 years)
living with HIV who initiated a regimen of tenofovir
disoproxil fumarate (tenofovir), efavirenz, and lam-
ivudine or emtricitabine, which were the standard first-
line regimens during our study period, between January
1, 2010 and December 31, 2020 for patients in the
Themba Lethu clinical cohort in Johannesburg, South
Africa.11 Tenofovir alafenamide was not used at the
clinic during this time. We excluded patients who were
missing a weight at the start of follow-up and/or
12-month follow-up weight (Fig. 1). We also excluded
patients with any of the following missing data needed
to calculate the propensity score: CD4 count, haemo-
globin, body mass index (BMI), systolic or diastolic
blood pressure around the time of switch (inter-
changeable with ‘baseline’ throughout the manuscript)
(Fig. 1).

Themba Lethu Clinic, which is located at a large
urban secondary hospital, began initiating patients onto
ART in 2004 under South Africa’s public-sector treat-
ment program. Care and treatment are provided ac-
cording to national treatment guidelines.12 Dolutegravir
became available to patients at the clinic in 2019. As of
Fig. 1: Selection of study patients for a study of the effects of dolut
South Africa (n = 13,227).

www.thelancet.com Vol 57 March, 2023
December 2021, 4374 patients were actively receiving
treatment for HIV at the clinic. Patient data, including
demographic characteristics, clinical conditions, labora-
tory test results, and medications, are entered into an
electronic patient management system, TherapyEdge-
HIV™, by a clinician or a data entry clerk. Weight,
height, and blood pressure are routinely measured at
medical visits. Patients are typically seen for medical
follow-up visits at months 1, 3, and 6 and 12-monthly
thereafter. Patients come for HIV drug pickups
monthly for the first 6–12 months on treatment and
every 2 months thereafter once stable.

Starting in 2019, patients were switched from the
fixed dose combination containing efavirenz to that
containing dolutegravir at their regular visits. National
guidelines at the time suggested a switch if a viral load
was undetectable and taken in the last 6 months.12

However, clinicians at the site indicate that at the time
the patients in our analysis were being switch, there was
no priority setting with the Department of Health in the
transition plan, for any particular group, nor was there
any clear group of patients that clinicians would natu-
rally prioritize. We speculate that the transition was
driven more by motivated clinicians within the clinic
being on duty at any one time, as probably the most
important factor.

Exposed individuals in our study were defined as
patients who switch from efavirenz to dolutegravir,
while unexposed patients were those that remained on
their initial standard first line regimen containing efa-
virenz over the course of follow-up. Tenofovir plus
lamivudine or emtricitabine remained the other two
drugs in all patient’s regimens for the entire study
period, the only change that was allowed in the analysis
was efavirenz for dolutegravir.
egravir vs. efavirenz in people living with HIV in Johannesburg,
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Propensity score matching
Since we assume that switching from efavirenz to
dolutegravir was not randomly assigned, we used pro-
pensity score matching to create similar populations of
exposed and unexposed patients13 (Supplemental
Fig. S1). We used the psmatch procedure with a
caliper of 0.00 (STATA v. 15). The psmatch procedure
uses a logistic regression model to compute propensity
scores used for matching. We predicted exposure as a
function of biological sex and age at ART initiation
(categorized as 16–24.9, 25–29.9, 30–39.9, 40–49.9, and
≥50 years), in addition to the following variables at time
of switch time on ART (categorized as 0–11.9, 12–23.9,
24–35.9, 36–47.9, 48–59.9, and ≥60 months), first ART
regimen (emtricitabine vs. lamivudine as all patients
were initiated onto a regimen containing tenofovir),
haemoglobin (<10 vs. ≥10 ug/dL), CD4 count (catego-
rized as <200, 200–299, 300–399, 400–499
and ≥ 500 cells/mm3), BMI (<18.5, 18.5–24.9, 25–29.9,
≥30 kg/m2), viral load suppression (<1000 copies/mL)
and hypertension (defined as having a diastolic blood
pressure >90 mmHg AND/OR systolic blood pressure
>140 mmHg14 or being prescribed anti-hypertension
medication (i.e., amlodipine besylate, benazepril hy-
drochloride, candesartan cilexetil, captopril, enalapril
maleate, enalaprilat, felodipine, lisinopril, losartan po-
tassium, nifedipine, nisoldipine, olmesartan medox-
omil, perindopril erbumine, perindopril terbutylamine,
quinapril hydrochloride, ramipril, telmisartan, valsartan
or verapamil hydrochloride)). The anti-hypertensive
medication start date had to be prior to a patients
baseline date with no end date documented because the
patient was still actively taking the medication, or the
start date had to be prior to the baseline date with an end
date that fell on or after the baseline date, indicating the
patient was on the medication at baseline. We matched
1 exposed to 1 unexposed patient without replacement.

While anti-hypertensive medications may plausibly be
used for other indications (e.g., angiotensin-converting
enzyme (ACE)-inhibitors for proteinuria alone, verapamil
for arrythmias), clinicians at the site indicate this is un-
common. As such, for the purposes of this analysis, we
have assumed commonly prescribed anti-hypertensive
drug classes, largely ACE-inhibitors, angiotensin II recep-
tor antagonists, thiazide diuretics and calcium-channel
blockers, as indications of diagnosed hypertension. Addi-
tionally, we note that a single measurement of systolic and
diastolic blood pressure, such as what we used as part of
the hypertension definition for this study, does not
confirm a diagnosis of hypertension according to local
primary health care (PHC) guidelines.14

Follow up time
For those who switched to dolutegravir, follow-up time
began at the date of the switch. Those remaining on
efavirenz do not have an event time to distinguish the
start of follow up. As such, for those who remained on
efavirenz, follow up time began at the date that the
person they were matched to switched to dolutegravir.
For example, if a person switched to dolutegravir after
15 months on efavirenz then both this exposed person
and their unexposed match would start follow up time at
15 months on ART.

Outcomes
Weight outcomes were defined as:

Baseline weight was defined as the closest weight
recorded 6 months prior to the date of switch for those
in the dolutegravir group or the equivalent matched
baseline date for those remaining on efavirenz.

Follow-up weight was defined 12 months after the
start of follow up with the closest weight recorded 6
months prior to that 12-month end point.

Change in weight was calculated by simply subtracting
the 12-month follow-up weight from baseline weight.

Percent change in weight was calculated by taking the
change in weight between the two time points divided
by the baseline weight.

Hypertension at 12-months was defined as either be-
ing prescribed anti-hypertension medication one-month
post baseline date up to 12-months or having a diastolic
blood pressure >90 mmHg AND/OR a systolic blood
pressure >140 mmHg14 6 months prior to the 12-month
end point.

Statistical analysis
We used simple proportions to describe categorical data
for the characteristics of the cohort prior to matching
that were included in the propensity score. For the final
matched cohort, medians with interquartile ranges
(IQR) and simple proportions were used to describe
continuous and categorical data, respectively. We used
crude and adjusted linear ordinary least squares
regression to model outcomes (mean change in weight,
percent change in weight and hypertension) as a func-
tion of sex, age at ART initiation, time on ART, BMI,
emtricitabine vs. lamivudine, haemoglobin, CD4 count,
hypertension, viral load status and number of days be-
tween date of baseline weight and time of switch and
days between follow-up weight and 12-months. We
added interaction terms between all variables in our
model and exposure groups to determine if any vari-
ables modified the relationship between dolutegravir
and the outcome of mean change in weight. As none of
these were prespecified a priori and given our limited
sample size we consider these as hypothesis generating
only. While the distribution of our data on weight was
slightly right-skewed, we believe it was still appropriate
to report means, as the median and mean were almost
overlapping.

Ethics statement
Use of data was approved by the Human Research
Ethics Committee of the University of the
www.thelancet.com Vol 57 March, 2023
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Witwatersrand (M140201). Approval for analysis of de-
identified data was granted by the Institutional Review
Board of Boston University (H-29768). Data on patients
from Themba Lethu Clinic was collected for routine
clinical purposes and not for research purposes. We had
no direct contact with patients, as such, informed
consent was not obtained from subjects. An inform
consent waiver was received from the Boston Uni-
versity’s Institutional Review Board and the Human
Research Ethics Committee of the University of the
Witwatersrand.

Role of funding source
The contents are the responsibility of the authors and do
not necessarily reflect the views of the NIDDK. The
funders had no role in the study design, data collection
and analysis, decision to publish, or preparation of the
manuscript. The corresponding author had final re-
sponsibility for the decision to submit for publication.
Results
A total of 13,227 ART-naïve, non-pregnant, ≥16 years
initiated on tenofovir + lamivudine or emtricitabine +
efavirenz between January 1, 2010 to December 31, 2020
patients were eligible for our analysis, including 11,959
unexposed and 1268 exposed patients (Fig. 1). After
removing those with missing clinical data, not on ART for
at least 12-months and incident pregnancies, 6154 unex-
posed and 794 exposed patients were eligible for our
matched analysis (Table 1). Males (vs. female), those <25
years of age (vs. ≥25 years), those on ART longer, patients
with higher haemoglobin (≥10.0 vs. <10.0 ug/dL), those
with a BMI ≥18.5 kg/m2 (vs. <18.5 kg/m2), patients virally
suppressed (vs. unsuppressed) and those on a regimen
containing lamivudine (vs. emtricitabine) had an increased
probability of switching from efavirenz to dolutegravir, as
shown in Table 1.

When comparing demographic and clinical charac-
teristics at ART initiation of those excluded to those
included in the final dataset used to create the pro-
pensity score used for matching, we found that they
were comparable on all observed covariates, median age
(excluded 36.7 years; interquartile range (IQR): 30.3,
44.1 years vs. included 37.9 years; IQR: 31.9, 44.7 years),
median haemoglobin (excluded 12.0 ug/dL; IQR: 10.3,
13.5 ug/dL vs. included 12.4 ug/dL; IQR: 10.9, 13.8 ug/
dL), proportion female (excluded 56.0% vs. included
60.5%), median CD4 count (excluded 143 cells/mm3;
IQR: 47, 273 cells/mm3 vs. included 170 cells/mm3,
IQR 69, 279 cells/mm3) and WHO stage 3/4 conditions
(excluded 23.0% vs. included 17.6%) at ART initiation.

Matched cohort
Our propensity score matching of the 794 dolutegravir
exposed patients to 794 patients unexposed to dolute-
gravir created similar populations with regards to
www.thelancet.com Vol 57 March, 2023
demographic and clinical characteristics (Table 2). The
1588 patients included in the matched analysis were
predominately initiated onto a standard first line
regimen containing lamivudine (72.6%). Just over half
(51.5%) were male with a median age of 38.8 years
(IQR: 31.7, 45.8 years). Overall the population had a
median CD4 cell count of 470 cell/mm3 (IQR: 319,
631 cell/mm3), a median haemoglobin of 14.0 ug/dL
(IQR: 12.8, 15.2 ug/dL), a median time on ART of 43.4
months (IQR: 20.1, 74.8 months), a median
systolic blood pressure of 130 mmHG (IQR: 120.0,
140.0 mmHG), and a median diastolic blood pressure
of 81 mm/HG (IQR: 74.0, 89.0). Less than 1% of
patients had a detectable viral load at baseline and at
12-months.

Association of switching from efavirenz to
dolutegravir with weight change over 12 months
Baseline weights in kilograms (kg) were comparable
between our efavirenz (mean 74.0 kg; standard devia-
tion (SD): 15.8 kg) and dolutegravir exposed groups
(mean 73.1 kg; SD: 16.9 kg) (Table 2). For efavirenz
patients, mean weight from at 12 months increased to
75.4 kg (SD: 16.3 kg), corresponding to a mean change
in weight of 1.5 kg (SD: 5.2 kg). For dolutegravir
exposed patients, mean weight at 12 months increased
to 75.9 kg (SD: 17.0 kg), corresponding to a mean
change in weight of 2.8 kg (SD: 6.7 kg). This represents
a crude percentage weight increase of 2.2% (SD: 7.6) for
efavirenz patients and 4.5% (SD: 12.2) for those exposed
to dolutegravir.

Our results remained consistent in linear regression
models adjusted for sex, age, time on ART, BMI,
emtricitabine vs. lamivudine, haemoglobin, viral load
status and CD4 count. Patients who switched to dolu-
tegravir had a higher mean weight change of 1.78 kg
(95% confidence interval (CI): 1.04, 2.52 kg) and a
higher percent change in weight of 2.90% (95% CI: 1.63,
4.17%) from baseline to 12 months when compared to
those remaining on efavirenz (Table 3). Our results also
suggest that independent of dolutegravir exposure sta-
tus, patients with lower BMI (<30 vs.≥30), those <50
years (vs. ≥50 years) and patients on treatment <12
months (vs.≥60 months) experienced a higher mean
and percent change in weight over the 12-month follow-
up period.

Association of switching from efavirenz to
dolutegravir on hypertension at 12 months
We saw an increased risk of hypertension at 12 months
when comparing dolutegravir exposed to dolutegravir
unexposed patients (risk difference (RD): 14.2% 95%
CI: 10.6, 17.7%) (Table 3). We also found that patients
with hypertension (vs. not) at time of switch (RD: 26.8%;
95% CI: 21.9, 31.7%) had an increased risk of hyper-
tension over 12 months. Additionally, females (vs.
males) in our cohort had a 3.96 percentage point
5
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Variable at time of switch Unexposed
(n = 6154)

Exposed
(n = 794)

Adjusted Odds Ratioa

(95% CI)

Sex of patients

Female 3819 (90.9) 384 (9.14) ref.

Male 2335 (85.1) 410 (14.9) 1.94 (1.64, 2.31)

Age (years) at ART initiation

18–24.9 343 (76.9) 103 (23.1) 2.50 (1.80, 3.48)

25–29.9 781 (93.4) 55 (6.58) 0.54 (0.38, 0.77)

30–39.9 2531 (90.5) 265 (9.48) 0.71 (0.56, 0.92)

40–49.9 1776 (87.4) 256 (12.6) 0.89 (0.69, 1.15)

≥50 723 (86.3) 115 (13.7) ref.

CD4 count (cells/mm3) at time of switch

<200 585 (90.3) 63 (9.72) ref.

200–299 823 (87.2) 121 (12.8) 1.05 (0.74, 1.49)

300–399 1067 (88.7) 136 (11.3) 0.86 (0.61, 1.22)

400–499 1022 (89.3) 122 (10.7) 0.76 (0.53, 1.08)

≥500 2657 (88.3) 352 (11.7) 0.82 (0.60, 1.14)

Viral load suppression (<1000 copies/mL)

No 319 (98.2) 6 (1.85) ref.

Yes 5819 (88.1) 788 (11.9) 6.86 (0.82, 1.27)

Time (months) on ART at time of switch

0–11.9 1159 (92.9) 89 (7.13) ref.

12–23.9 917 (86.2) 147 (13.8) 2.03 (1.52, 2.70)

24–35.9 771 (88.6) 99 (11.4) 1.55 (1.14, 2.13)

36–47.9 643 (89.3) 77 (10.7) 1.57 (1.12, 2.20)

48–59.0 686 (90.6) 71 (9.38) 2.45 (1.72, 3.48)

≥60 1978 (86.4) 311 (13.6) 8.85 (6.48, 12.1)

Haemoglobin (ug/dL) at time of switch

<10.0 261 (94.6) 15 (5.43) ref.

≥10.0 5896 (88.3) 779 (11.7) 1.44 (0.83, 2.51)

Body mass Index (kg/m2) at time of switch

<18.5 413 (94.3) 25 (5.71) ref.

18.5–24.9 2449 (89.6) 285 (10.4) 1.67 (1.08, 2.59)

25–29.9 1701 (88.3) 225 (11.7) 2.13 (1.36, 3.34)

30–39.9 1591 (86.0) 259 (14.0) 3.03 (1.93, 4.76)

Hypertension at time of switch

No 5271 (88.8) 663 (11.2) ref.

Yes 883 (87.1) 131 (12.9) 1.02 (0.82, 1.27)

Nucleoside reverse transcriptase inhibitor

emtricitabine 3322 (94.0) 213 (6.03) ref.

lamivudine 2832 (83.0) 581 (17.0) 8.61 (6.80, 10.9)

aOdds ratios calculated from a logistic regression model; STATA (v. 15.0) psmatch procedure was used to create propensity scores to match patients for analyses of our
outcomes.

Table 1: Characteristics of study cohort and predictors of switching from efavirenz to dolutegravir (exposed) vs remaining on efavirenz (unexposed)
among ART patients at the Themba Lethu Clinic in Johannesburg South Africa (n = 6948).
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decrease in the risk of hypertension (RD: −3.96%; 95%
CI: −7.80, −0.12)

Effect measure modification
This study was not powered to identify effect modifica-
tions, as such, results of this analysis should be inter-
preted as hypothesis-generating (Table 4). We assessed
effect modification (interaction) between dolutegravir
exposure and the outcome of mean change in weight by
adding interaction terms between dolutegravir and all
variables, separately, in our model. We saw the largest
mean change in weight among those on dolutegravir
and the following covariates; older age, BMI in the
pre-obese and obese categories, hypertension, virally
suppressed, higher haemoglobin levels, on a regimen
containing lamivudine and being on ART ≥24 months.
Although we saw similar weight gain in women
compared to men on dolutegravir (mean change in
www.thelancet.com Vol 57 March, 2023
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DTG unexposed
(n = 794)

DTG exposed
(n = 794)

Total
(n = 1588)

Sex (%)

Female 387 (48.7) 384 (48.4) 771 (48.6)

Male 407 (51.3) 410 (51.6) 817 (51.5)

Age (years) at ART initiation (%)

16–24.9 113 (14.2) 103 (13.0) 216 (13.6)

25–29.9 52 (6.55) 55 (6.93) 107 (6.74)

30–39.9 277 (34.9) 265 (33.4) 542 (34.1)

40–49.9 237 (29.8) 256 (32.2) 493 (31.1)

≥50 115 (14.5) 115 (14.5) 230 (14.5)

Age (median (IQR)) 28.6 (31.8, 45.7) 39.0 (31.7, 45.8) 38.8 (31.7, 45.8)

CD4 count (cells/mm3) at time of switch (%)

<200 51 (6.42) 63 (7.93) 114 (7.18)

200–299 115 (14.5) 121 (15.2) 236 (14.9)

300–399 136 (17.1) 136 (17.1) 272 (17.1)

400–499 128 (16.1) 122 (15.4) 250 (15.7)

≥500 364 (45.8) 352 (44.3) 716 (45.1)

CD4 count (median (IQR)) 473 (329, 621) 470 (314, 642) 470 (319, 631)

Time on ART (months) at time of switch (%)

0–11.9 90 (11.3) 89 (11.2) 179 (11.3)

12–23.9 165 (20.8) 147 (18.5) 312 (19.7)

24–35.9 100 (12.6) 99 (12.5) 199 (12.5)

36–47.9 71 (8.94) 77 (9.70) 148 (9.32)

48–59.9 67 (8.44) 71 (8.94) 138 (8.69)

≥60 301 (37.9) 311 (39.2) 612 (38.5)

Time on ART (median (IQR)) 42.2 (19.9, 70.6) 45.4 (20.2, 86.5) 43.4 (20.1, 74.8)

Body Mass Index at time of switch (kg/m2) (%)

<18.5 21 (2.64) 25 (3.15) 46 (2.90)

18.5–24.9 281 (35.4) 285 (35.9) 566 (35.6)

25–29.9 214 (27.0) 225 (28.3) 439 (27.6)

≥30.0 278 (35.0) 259 (32.6) 567 (33.8)

Body Mass Index (median (IQR)) 26.6 (23.0, 31.3) 27.0 (22.8, 31.5) 27.0 (22.9, 31.4)

Haemoglobin (ug/dL) at time of switch (%)

<10.0 10 (1.26) 15 (1.89) 25 (1.57)

≥10.0 784 (98.7) 779 (98.1) 1563 (98.4)

Haemoglobin (median (IQR)) 14.0 (12.9, 15.4) 14.0 (12.7, 15.1) 14.0 (12.8, 15.2)

Nucleoside reverse transcriptase inhibitor (%)

lamivudine 572 (72.0) 581 (73.2) 1153 (72.6)

emtricitabine 333 (28.0) 213 (26.8) 435 (27.4)

Unsuppressed viral load (%) 8 (1.01) 6 (0.76) 14 (0.90)

Systolic (mm/Hg) (median (IQR)) 128 (119, 139) 133 (122, 141) 130 (120, 140)

Diastolic (mm/Hg) (median (IQR)) 80 (72, 87) 83 (75, 90) 81 (74, 89)

Hypertension at time of switch (%) 128 (16.1) 132 (16.6) 260 (16.4)

12-month outcomes

Unsuppressed viral load (%) 8 (1.01) 4 (0.50) 12 (0.76)

Hypertension (%) 87 (11.0) 201 (25.3) 288 (18.1)

Baseline weight (kg) (mean (SD)) 74.0 (15.8) 73.1 (16.9) 73.5 (16.4)

Follow-up weight (kg) (mean (SD)) 75.4 (16.3) 75.9 (17.0) 75.7 (16.6)

Mean change in weight (kg) 1.5 (1.3) 2.8 (6.7) 2.12 (6.0)

Percent change in weight (%) 2.2 (7.6) 4.5 (12.2) 3.3 (10.2)

Table 2: Patient demographic and characteristics at time of switch among stable patients on HIV treatment at the Themba Lethu Clinic in
Johannesburg South Africa after propensity score matching (n = 1588).
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Crude mean change
in weight*
(95% CI)

Adjusted mean
change in weight*
(95% CI)

Crude percent
change in weight*
(95% CI)

Adjusted percent
change in
weight* (95% CI)

Crude
hypertension
(RD; 95% CI)

Adjusted
hypertension
(RD; 95% CI)

Exposed

efavirenz ref. ref. ref. ref. ref. ref.

dolutegravir 1.34 (0.75, 1.93) 1.78 (1.04, 2.52) 2.31 (1.31, 3.31) 2.90 (1.63, 4.17) 14.4 (10.6, 18.1) 14.2 (10.6, 17.7)

Age at ART initiation (years)

16–24.9 −0.10 (−1.22, 1.02) 0.77 (−0.37, 1.91) 0.36 (−1.54, 2.26) 1.43 (−0.52, 3.39) −23.1 (−30.1, −16.1) −14.2 (−21.2, −7.19)

25–29.9 0.92 (−0.46, 2.30) 1.08 (−0.29, 2.44) 1.24 (−1.10, 3.59) 1.25 (−1.11, 3.60) −22.1 (−30.8, −13.4) −15.0 (−23.4, −6.55)

30–39.9 0.54 (−0.39–1.47) 0.61 (−0.30, 1.52) 0.57 (−1.01, 2.15) 0.65 (−0.91, 2.22) −14.4 (−20.3, −8.60) −9.61 (−15.2, −4.00)

40–49.9 0.69 (−0.26, 1.63) 0.69 (−0.23, 1.61) 1.06 (−0.54, 2.66) 1.06 (−0.52, 2.64) −6.03 (−12.0, −0.11) −3.30 (−8.96, 2.37)

≥50 ref. ref. ref. ref. ref. ref.

CD4 Category (cells/mm3)

<200 ref. ref. ref. ref. ref. ref.

200–299 −0.20 (−1.55, 1.15) −0.27 (−1.59, 1.06) −0.67 (−2.96, 1.61) −0.60 (−2.87, 1.67) 5.82 (−2.80, 14.4) 6.83 (−1.32, 15.0)

300–399 −0.30 (−1.62, 1.02) −0.70 (−2.00, 0.60) −0.96 (−3.20, 1.28) −1.36 (−3.61, 0.88) 1.49 (−6.94, 9.92) 2.67 (−5.39, 10.7)

400–499 −0.96 (−2.30, 0.37) −0.92 (−2.24, 0.41) −1.29 (−3.55, 0.98) −1.09 (−3.36, 1.19) 5.41 (−3.13, 14.0) 7.51 (−0.66, 15.7)

≥500 −0.76 (−1.96, 0.43) −0.94 (−2.14, 0.27) −1.40 (−3.42, 0.63) −1.52 (−3.59, 0.55) 0.83 (−6.78, 8.45) 3.84 (−3.60, 11.3)

Viral load suppression (<1000 copies/mL)

Yes ref. ref. ref. ref. ref. ref.

No 0.18 (−3.12, 3.47) −0.19 (−3.42, 3.03) −0.61 (−6.19, 4.98) −1.16 (−3.71, 4.39) −10.5 (−31.6, 10.5) −1.21 (−21.1, 18.6)

Haemoglobin (ug/dL)

≥10.0 ref. ref. ref. ref. ref. ref.

<10.0 −1.71 (−4.10, 0.67) −1.18 (−3.52, 1.16) −2.70 (−6.74, 1.34) −2.19 (−6.22, 1.84) −6.23 (−21.5, 9.00) −0.56 (−15.0, 13.9)

Sex

Male ref. ref. ref. ref. ref. ref.

Female 0.87 (0.28, 1.46) 0.16 (−0.46, 0.78) 1.22 (0.21, 2.21) 0.42 (−0.65, 1.49) −5.03 (−9.03, −1.15) −3.96 (−7.80, −0.12)

Nucleoside reverse transcriptase inhibitor

Lamivudine ref. ref. ref. ref. ref. ref.

Emtricitabine −0.74 (−1.41, −0.08) −0.30 (−1.11, 0.51) −0.83 (−1.96, 0.30) −0.01 (−1.40, 1.39) 0.67 (−3.59, 4.92) 0.12 (−4.87, 5.11)

Time on ART (months)

0–11.9 2.65 (1.66, 3.65) 2.32 (1.23, 3.41) 4.20 (2.51, 5.89) 3.98 (2.11, 5.86) −0.36 (−6.79, 6.08) 3.25 (−3.48, 9.98)

12–23.9 0.51 (−0.31, 1.32) 0.07 (−0.86, 1.00) 0.53 (−0.86, 1.91) 0.24 (−1.36, 1.84) −2.12 (−7.39, 3.14) 1.05 (−4.69, 6.78)

24–35.9 −0.04 (−1.00, 0.92) −0.06 (−1.08, 0.95) 0.02 (−1.60, 1.65) 0.14 (−1.61, 1.89) −1.20 (−7.38, 4.97) 2.65 (−3.63, 8.93)

36–47.9 0.19 (−0.88, 1.26) 0.06 (−1.07, 1.20) 0.38 (−1.44, 2.21) 0.42 (−1.54, 2.37) −2.57 (−9.51, 4.36) −2.46 (−9.49, 4.57)

48–59.9 −0.08 (−1.18, 1.03) −0.18 (−1.34, 0.99) −0.33 (−2.21, 1.54) −0.26 (−2.27, 1.75) 2.22 (−4.91, 9.36) 2.05 (−5.17, 9.26)

≥60 ref. ref. ref. ref. ref. ref.

Body Mass Index (kg/m2)

<18.5 1.23 (−0.54, 3.00) 1.08 (−0.68, 2.83) 2.74 (−0.30, 5.77) 2.48 (−0.54, 5.51) 2.20 (−9.33, 13.7) 3.34 (−7.52, 14.2)

18.5–24.9 2.84 (1.05, 4.63) 2.86 (1.08–4.65) 4.94 (1.87, 8.01) 4.94 (1.87, 8.02) 11.7 (0.03, 23.3) 9.78 (−1.24, 20.8)

25–29.9 4.22 (2.44, 5.99) 4.27 (2.48, 6.06) 6.08 (3.04, 9.12) 6.13 (3.04, 9.21) 9.61 (−1.94, 21.2) 8.20 (−2.87, 19.3)

≥30.0 ref. ref. ref. ref. ref. ref.

Hypertension

No ref. ref. ref. ref. ref. ref.

Yes −0.87 (−1.67, −0.06) −1.03 (−1.83, 0.24) −1.13 (−2.49, 0.22) −1.33 (−2.70, 0.04) 30.7 (25.8, 35.6) 26.8 (21.9, 31.7)

*Models for the mean change and weight and percent change in weight are also adjusted for continuous days between date of baseline weight and time of switch and days between follow-up weight and
12-months. For the outcome of hypertension, the complete list of variables in the table were controlled for in the model.

Table 3: Crude and adjusted linear regression models of predictors of mean change and percent change in weight and hypertension at 12-months among patients on HIV
treatment at the Themba Lethu Clinic in Johannesburg South Africa (n = 1588).
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males 1.45 kg; 95% CI: 0.61, 2.29 kg; mean change in
females 1.24 kg; 95% CI: 0.41, 2.06 kg) (comparison
between rows in Table 4), within exposure groups we
found that women had a higher mean change in weight
compared to their male counterparts (efavirenz group
0.98 kg; 95% CI: 0.25, 1.71 kg; dolutegravir group
0.77 kg; 95% CI: −0.16, 1.79) (comparison within col-
umns in Table 4).
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Stratification variables Mean change in weight (kg)

Efavirenz
mean (95% CI)

Dolutegravir
mean (95% CI)

Crude mean change between columns
(95% CI)

Original analysis (crude) 1.45 (SD 5.24) 2.79 (SD 6.66) 1.34 (0.75, 1.93)

Sex

Male 0.97 (0.39, 1.56)a 2.42 (1.84, 3.00) 1.45 (0.61, 2.29)

Female 1.95 (1.36, 2.55) 3.19 (2.59, 3.79) 1.24 (0.41, 2.06)

Age (years)

16–24.9 1.45 (0.35, 2.55) 1.72 (0.56, 2.87) 0.27 (−1.73, 2.27)

25–29.9 2.50 (0.88, 4.13) 2.68 (1.10, 4.26) 0.18 (−1.96, 2.31)

30–39.9 1.84 (1.14, 2.54) 2.61 (1.89, 3.33) 0.77 (−0.14, 1.68)

40–49.9 1.35 (0.59, 2.12) 3.30 (2.56, 4.03) 1.94 (0.85, 3.03)

≥50 0.24 (−0.86, 1.33)a 3.11 (2.02, 4.21) 2.88 (1.42, 4.34)

CD4 count (cells/mm3) (%)

<200 2.32 (0.57, 3.97)a 3.00 (1.52, 4.48) 0.28 (−1.76, 3.12)

200–299 1.69 (0.60, 2.79) 3.26 (2.19, 4.33) 1.57 (0.10, 3.03)

300–399 2.04 (1.04, 3.05) 2.74 (1.73, 3.75) 0.70 (−0.66, 2.06)

400–499 1.45 (0.41, 2.49) 2.03 (0.97, 3.10) 0.59 (−1.50, 2.67)

≥500 1.03 (0.42, 1.65) 2.88 (2.25, 3.50) 1.84 (1.10, 2.86)

Viral load suppression (<1000 copies/mL)

No 3.51 (−0.93, 7.96)a 0.88 (−3.92, 5.68) −2.63 (−8.73, 3.47)

Yes 1.43 (1.01, 1.85) 2.81 (2.39, 3.23) 1.37 (0.78, 1.97)

Time on ART (months)

0–11.9 4.15 (2.92, 5.38) 4.60 (3.36, 5.83) 0.44 (−1.50, 2.40)

12–23.9 2.07 (1.16, 2.97) 2.40 (1.44, 3.36) 0.33 (−0.98, 1.64)

24.0–35.9 0.23 (−0.94, 1.39) 3.15 (1.98, 4.32) 2.92 (1.57, 4.27)

36.0–47.9 1.15 (−0.23, 2.53) 2.60 (1.28, 3.93) 1.45 (−0.24, 3.15)

48–59.9 0.20 (−1.22, 1.62) 3.00 (1.61, 4.38) 2.80 (1.06, 4.54)

≥60 1.06 (0.39, 1.74)a 2.35 (1.69, 3.01) 1.28 (0.27, 2.30)

Body Mass Index (kg/m2)

<18.5 −0.55 (−3.06, 1.95)a −0.50 (−2.80, 1.79) 0.05 (−1.55, 1.64)

18.5–24.9 0.11 (−0.57, 0.80) 1.28 (0.60, 1.96) 1.17 (0.31, 2.02)

25–29.9 1.51 (0.73, 2.30) 3.08 (2.31, 3.84) 1.56 (0.53, 2.59)

≥30.0 2.91 (2.22, 3.60) 4.53 (3.82, 5.24) 1.62 (0.45, 2.79)

Haemoglobin (ug/dL) (%)

<10.0 −0.12 (−3.84, 3.60) 0.81 (−2.23, 3.84) 0.93 (−2.10, 3.95)

≥10.0 1.47 (1.05, 1.89)a 2.83 (2.41, 3.25) 1.36 (0.76, 1.96)

Nucleoside reverse transcriptase inhibitor

lamivudine 1.57 (1.08, 2.06)a 3.07 (2.57, 3.55) 1.50 (0.85, 2.14)

emtricitabine 1.14 (0.35, 1.93) 2.04 (1.24, 2.85) 0.90 (−0.42, 2.22)

Hypertension (%)

No 1.68 (1.23, 2.14)a 2.85 (2.39, 3.30) 1.17 (0.53,1.80)

Yes 0.25 (−0.79, 1.29) 2.51 (1.49, 3.53) 2.26 (0.68, 3.85)

aReference group.

Table 4: Effect measure modification for mean change in weight from baseline to 12-months.

Articles
Discussion
In this observational study of a predominately black
African ancestry population, we assessed the association
of dolutegravir on weight change in an adult population
of PLWH. Over a 12-month follow-up period, we found
a greater mean and percentage increase in weight
among patients who switched from efavirenz to dolu-
tegravir (exposed) compared to patients who remained
www.thelancet.com Vol 57 March, 2023
on efavirenz (unexposed). These results are in line with
previously published literature, which suggest that non-
nucleoside reverse transcriptase inhibitors (NNRTIs),
such as efavirenz, are associated with lower average
weight gain than are INSTIs, such as dolutegravir.15,16

A number of studies have now evaluated dolutegravir
specifically, given its potential differential effect on
weight. Previous studies observed weight increases of
9
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3–4 kg among those on dolutegravir,17,18 and a post hoc
analysis of the NEAT-002 study showed a significant,
albeit small, weight gain after switching to dolutegravir
from a ritonavir-boosted protease inhibitor.19 Further
compelling data comes from the NAMSAL and
ADVANCE trials. In both studies, participants ran-
domized to dolutegravir gained more weight on average
than those on efavirenz.7,8,20 Moreover, in the ADVANCE
study, dolutegravir + emtricitabine/tenofovir alafena-
mide was independently associated with ≥10% increase
in body weight and treatment-emergent obesity. More
recently, out of the African Cohort Study (AFRICOS),
which was also conducted in routine care settings, re-
searchers found the average change in weight prior to
switching to a dolutegravir-based regimen was 0.35 kg/
year, which increased to an average change in weight of
1.46 kg/year in the year following transition to dolute-
gravir, corresponding to a 4-fold increase.21 Our results
provide support for these findings.

Prior literature has also demonstrated potential dif-
ferential effects of INSTIs on weight gain among men
and women.21,22 In the NAMSAL study, women were
more likely to experience a ≥10% change in weight over
48-week follow-up period compared to men.23 In a
multinational cohort of adults with well-controlled HIV,
women on dolutegravir had a higher mean BMI and
waist circumference than did women on an alternative
ART regimen or men on dolutegravir.21,22 Our results do
not fully support this, as women in our cohort who
switched to dolutegravir experienced similar weight gain
as did men who switched to dolutegravir. This could be
a result of a slightly higher uptake of dolutegravir in
men compared to women in the full sample prior to
matching. However, sex was balanced between efavir-
enz and dolutegravir groups in our final matched
analytical sample, so we anticipate that this did not
impact our study results. Our results did show that,
within exposure groups, women had a higher mean
change in weight compared to their male counterparts,
potentially supporting the hypothesis that higher circu-
lating leptin levels and subcutaneous adipose tissue
metabolic rates among women may, in part, contribute
to greater weight gain compared to men.24,25 Despite
initial concerns regarding the teratogenicity of dolute-
gravir, including initial recommendations in the South
African guidelines requiring explicit consent from
women acknowledging this risk, the uptake of dolute-
gravir between men and women was equal in our study.

Additional data suggests that efavirenz itself may be
the modifying factor, mitigating weight gain among
slow metabolizers of the drug. Data from ADVANCE
strongly suggests this is the case, reporting that weight
gain among moderate and fast metabolizers of efavirenz
was the same as that among those on the dolutegravir
arm, containing the same nucleoside backbone.26,27 This
is supported by other studies on the impact of efavirenz
concentrations on weight gain.28
Results of this analysis, coupled with a large body of
existing evidence, establish a clear association between
INSTIs and weight gain, a key risk factor for hyperten-
sion, though the data linking these agents with hyper-
tension is mixed. Clinical trials have reported no
increased risk of hypertension,29,30 while analyses from
observational cohorts, including our own, have reported
a higher risk of hypertension or elevated blood pressure
in PLWH using INSTIs.31–34 There are a number of hy-
pothesized pathways for this increased risk, primarily
mediated through changes in BMI,33 however INSTI use
has also been linked to dyslipidaemia, adipogenesis,
oxidative stress and insulin resistance, all of which have
been associated with hypertension.32 Though previous
studies have also linked our comparative agent, efavir-
enz, to dyslipidaemia,35 it was not shown to be associ-
ated with an increased risk of hypertension.36 Further
research is needed to delineate the metabolic pathway
between INSTI use and hypertension.

A few limitations must be considered when inter-
preting the results of this study. First, because our study
reports on a single government HIV clinic that almost
exclusively provides services to patients of black African
ancestry, our results may not be generalizable to other
populations. Second, although we offer compelling data
from a large, well-balanced cohort, the observational
nature of this study inhibits us from making conclu-
sions about a causal relationship. Third, we do not have
data on why some patients were switched to dolutegravir
while others were maintained on efavirenz. Fourth,
while access to a well-established data system like
TherapyEdge-HIV™ allowed us to use propensity score
matching to account for multiple measured confound-
ing variables, it does not account for potentially un-
measured confounders. Fifth, we found that pre-obese
and obese patients had a higher likelihood of switching
from efavirenz to dolutegravir. If these individuals had a
higher likelihood of being switch to dolutegravir, our
results could be biased. However, BMI groups were
balanced between efavirenz and dolutegravir groups in
our final matched analytical sample, so we anticipate
that this did not impact our study results. Sixth, we were
also unable to account for slow metabolizers of efavirenz
or dolutegravir, other drugs associated with weight gain
(e.g. psychotropic drugs), or behavioural factors such as
alcohol or recreational drug use and physical activity.
Seventh, our definition of hypertension is partly reliant
upon a single blood pressure measurement and there-
fore may overestimate the true association in our pop-
ulation. Finally, it is important to note that follow up
time was relatively short and may not be considered
adequate in evaluating cardiovascular endpoints.

Our data confirm findings from previous clinical
trials and demonstrate that in a real-world population of
PLWH on ART, patients gained 1.78 kg in weight 12-
months after switching from efavirenz to dolutegravir
than those remaining on efavirenz. We also saw an
www.thelancet.com Vol 57 March, 2023
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increase in the risk of hypertension over 12-months.
Longer follow-up is needed, however, to determine if
INSTI-associated weight gain is associated with changes
in NCD risk over the long-term, or whether weight gain
is sustained, as seen in clinical trials.
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