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Abstract 

Background Pediatric HIV infection cause retardation in height and weight. However, effective antiretroviral therapy 
(ART) result in desirable weight gain. Concerns have emerged regarding excessive weight gain related to the inte‑
grase inhibitor dolutegravir in adults but knowledge about the circumstances in children/adolescents is limited. We 
studied if dolutegravir containing ART or switch to dolutegravir affected body mass index (BMI) and described height 
development in the Stockholm pediatric/adolescent HIV cohort.

Methods A retrospective cohort study of height, weight and BMI in relation to ART in 94 children/adolescents living 
with HIV.

Results At last documented visit 60/94 children/adolescents were on dolutegravir, 50 had switched from a protease 
inhibitor or non‑nucleoside reverse transcriptase inhibitor. Height standard deviation score (SDS) increased between 
first and last visit from mean height SDS ‑0.88 (16 had SDS < ‑2 and 6 SDS < ‑3) to ‑0.32 (four had SDS < ‑2). Mean BMI 
SDS increased from ‑0.15 to 0.62 in girls, but not (‑0.20 to 0.09) in boys. The number of girls ≥ 12 years with BMI SDS ≥ 2 
increased significantly from 0/38 to 8/38 and totally 9/50 (18%) girls and 4/44 (9%) boys had BMI SDS ≥ 2 at last visit. 
There was no difference in height or weight gain between different ART regimens. BMI SDS remained stable in 22/50 
children switching to dolutegravir, decreased in 13 and increased in 15.

Conclusion Adolescent girls gained weight to a greater extent than expected but independently of ART. We found 
no association between dolutegravir alone or combined with tenofovir alafenamide fumarate (TAF) and excessive 
weight gain. Height development was within normal range.

Keywords HIV, Antiretroviral, Dolutegravir, TAF, Children, Adolescents, Height, Weight, Growth, BMI, Metabolism, 
Patient care

Introduction
In the absence of antiretroviral therapy (ART), HIV 
infection in children cause retardation in height and 
weight [1, 2]. Early diagnosis and effective treatment 
result in major improvement in previously growth 
retarded children [3, 4] and only children severely 
stunted before treatment initiation end up with final 
height growth retardation [5–8]. On the other hand, 
risk for increased weight gain during ART has been 
observed without conclusive evidence of a causative 
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effect related to specific antiretroviral drugs. The 
mechanisms by which different antiretroviral agents 
would contribute to weight gain are unknown and the 
background to the observed weight gain seems to be 
multifactorial. Demographic factors, HIV status and 
composition of the ART regimen may contribute [9].

Specific concerns have been raised for excessive weight 
gain during treatment with integrase inhibitors (INSTI) 
and especially dolutegravir (DTG) [10–12]. However, 
data is conflicting and both absence of as well as increase 
in weight associated to DTG have been reported [3, 12]. 
Specific concerns have been raised about the combina-
tion of DTG and tenofovir alafenamide fumarate (TAF) 
[11]. Switch from TDF to TAF has been associated with 
weight gain irrespective of core antiretroviral agent [13]. 
Knowledge about children and adolescents, DTG, TAF 
and weight gain is limited. To date, a few published stud-
ies have reported an increase in body mass index (BMI) 
in children and adolescents living with HIV after switch-
ing to DTG-based ART [14–16]. No randomized con-
trolled trial of excessive weight gain related to certain 
antiretrovirals (ARV) has been performed.

WHO recommend DTG as first line therapy in HIV 
infection in adults and children from six years of age in 
combination with two nucleoside reverse transcriptase 
inhibitors (NRTIs) [17]. INSTIs are generally well tol-
erated compared to protease inhibitors (PIs) and non-
nucleoside reverse transcriptase inhibitors (NNRTIs) and 
has a high barrier towards development of antiretroviral 
resistance. Overweight and obesity is an emerging global 
problem, in low-, middle- and high-income countries [18, 
19], which make interpretation of weight gain during cer-
tain treatment regimens difficult.

The aim of this study was to present demographic data 
and growth parameters for all children born 1996- 2015 
from a single center cohort representing more than 50% 
of children living with HIV in Sweden and especially to 
study if switch to DTG affected BMI and to describe final 
adult height in the cohort.

Methods
Patients and setting
A retrospective cohort study. All children born 1996- 
2015 nd followed at the pediatric HIV clinic at Karolinska 
University Hospital, Stockholm, Sweden were considered 
for inclusion. The children were routinely followed every 
three months with HIV RNA, CD4-cell count and routine 
lab tests, except some children who were partly followed 
at a home clinic, which regularly shared data with Karo-
linska. Height, weight and thus body mass index (BMI) 
were documented at each visit. Exclusion criteria was less 
than five registration points during the study period.

Treatment recommendations
Effective pediatric ART has been available in Stockholm 
since 1996 and treatment recommendations from the 
Swedish Reference Group for Antiviral Therapy (RAV) 
have been updated on a regular basis [20, 21]. Until 2015 
the recommended first line therapy for most age groups 
was a combination of a PI or Efavirenz (EFV) with two 
NRTIs. Thereafter, DTG was increasingly used in first 
line combinations.

Documentation and sampling
A retrospective register-based cohort study. The data was 
collected August 2020 – December 2020 for those who 
were still patients at the clinic. For those who had been 
transferred to adult clinic, the end point was no later 
than 19 years of age.

Viral load, CD4-cell count and treatment history were 
retrieved from the Swedish national web-based quality 
registry InfCareHIV [22] and growth data from the elec-
tronic medical records (TakeCare).

Weight, height and BMI were converted to standard 
deviation scores (SDS) according to the WHO references 
[23, 24], and were used for comparison between differ-
ent timepoints. BMI and BMI SDS calculated from WHO 
growth charts was recorded one year before switch to 
DTG, at switch and one year after switch. Variations in 
BMI less than ± 0.25 SDS were considered as no change, 
as BMI is sensitive to accuracy of height measurements. 
Height less than SDS < -2 was defined as stunted. Accord-
ing to the WHO references obesity is defined as BMI-
SDS ≥ 2 [23, 24]. We added information about ISO-BMI 
for comparison to other studies. International Obesity 
Task Force  (IOTF) (used in Sweden) defines overweight 
as 25 ≤ ISO-BMI < 30 and obesity as ISO-BMI ≥ 30 in 
children between 2- 18 years [25].

Statistical analysis
Differences in distribution were tested with Fischer´s 
exact test, Pearson Chi-squared test and McNamar’s test. 
Two-sample t-test and dependent samples t-test were 
used for comparison of means. The statistical software 
JMP ver. 16.1.0d, SAS Institute Inc., Cary, North Caro-
lina, USA was used.

Results
Characteristics of the study population
Out of 104 children in the cohort born 1996– 2015, 94 
children on ART with data from last follow up 2020 or 
after 18  years of age (50 girls, 44 boys) were included. 
Nine children were excluded because of less than five vis-
its to the clinic and insufficient growth data the last year 
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of follow up (Fig.  1). One untreated girl was excluded. 
Forty-four children were transferred to adult clinic and 
had data registered up to the age of 19.

The majority, 91 children, were born abroad and had 
immigrated with one or two caregivers (n = 60), moved 
to a relative living in Sweden (n = 7), arrived unaccom-
panied without caregiver (n = 4) or were internationally 
adopted (n = 23) (Table  1). No child was born in Swe-
den to a mother whose HIV status was known at preg-
nancy and delivery, but three inborn children were later 
found to be positive after the mother had tested positive 
(Table  1). These mothers had immigrated during late 
pregnancy and not attended the maternal health care 
program with routine HIV testing. Seventy-six of the 
children originated from Africa, 14 from Asia, two from 
the Americas and two from Europe. Mean age at arrival 
was 6 years and 2 months (Table 1).

Treatment
ART was started before arrival in Sweden in 28 indi-
viduals (30%), within one year after arrival in 41 (44%). 
Treatment was deferred more than one year after 

diagnosis in Sweden in 25 (26%) children with high 
CD4-cell count, especially early in the study period 
before a treat all strategy was adapted. Timing of treat-
ment initiation and choice of drug to start with did not 
differ between girls and boys. Fifty-three (56%) started 
with a PI as core agent, 31 (33%) with an NNRTI and 10 
(11%) with DTG. As recommendations have changed, 
several children were successively switched to DTG 
and at last visit 60 (64%), 31 boys and 29 girls, were on 
DTG (Table 2). In total, fifty-eight children switched to 
a second line regimen. The reason for switch was in all 
but three cases treatment simplification and a potential 
of less side effects. The switches were executed dur-
ing viral suppression and adequate CD4-cell counts. 
Two children were switched because of suspected side-
effects related to their PI or NNRTI regimens and one 
reported headache after initiating DTG and switched 
successfully to a PI based regimen. The mean time on 
ART was 8 years and 7 months (Table 1). Regular yearly 
quality assessments of the Swedish quality register Inf-
CareHIV showed repeated viral load < 50 copies/mL 
in > 92% of the cohort.

Fig. 1 Cohort description. * Prepubertal age defined as < 9.5 years for girls and < 11.5 years for boys
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Height at first and last visit and in relation to ART 
Height SDS changed substantially between first and 
last visit. At first visit 16/94 (17%) had height SDS < -2 
(Table 3) compared to 5/94 (4.2%) at last visit (p = 0.0004) 
and 5/94 (5.3%) had height SDS < -3 at first visit com-
pared to none at last visit (p = 0.024.). The mean height 
SDS was -0.91(95% CI: -1.20- -0.62) at first visit and 
-0.33 (95% CI: -0.55- -0.12) at last (mean difference -0.58; 
p < 0.0001). The height SDS varied considerably between 
individuals and no difference between treatment regi-
mens was observed.

BMI at first and last visit
BMI SDS increased from mean -0.17 (95% CI: -0.43- 
0.09) to 0.29 (95% CI: 0.005- 0.58) between first and 
last visit (mean difference 0.47; p = 0.0023) in the whole 
study population. Mean BMI SDS increased signifi-
cantly in girls from -0.15 to 0.62 (p = 0.0026) but not in 

boys (-0.20 to 0.09; n.s.). In subgroups, mean BMI SDS 
increased between first and last visit in girls ≥ 12  years 
and boys < 12 years (p = 0.006 and 0.028 respectively) but 
not in girls < 12 years nor in boys ≥ 12 years.

Considerable variation between individuals was 
observed. The proportion of individuals with ≥ 2 BMI 
SDS differed between first and last visit in the whole 
study population (p = 0.007) and in girls (p = 0.002) but 
not in boys (n.s). An increase in the number of indi-
viduals with BMI SDS ≥ 2 was obvious in older girls. 
Between first and last documented visit, the proportion 
of individuals with BMI SDS ≥ 2 increased from 0/38 
to 8/38 (Table  3) among girls ≥ 12  years (p = 0.003). 
No difference in the proportion of individuals with 
BMI SDS ≥ 2 between first and last visit was seen in 
girls < 12  years; boys < 12  years or boys ≥ 12  years. At 
last documented visit a BMI SDS ≥ 2 was observed 
in 9/50 (18%) of all girls and in 4/44 (9%) of all boys 

Table 1 Characteristics of study participants

Y Years, m Months, SDS Standard deviation score; int adopted = internationally adopted; parent(s) = arrived with one or two parents; relative(s) = arrived to relatives in 
Sweden; unaccompanied = arrived without caregiver; 
a 3 children born in Sweden were categorized to their mother’s continent of origin; c copies

N Age at 
arrival in 
Sweden
mean 
(range)

aContinent of 
origin

Care at arrival Age at ART 
start
Mean (range)

Time on ART 
Mean (range)

Age at last 
visit
mean (range)

Last CD4 
(× 106)
mean (range)

Last HIV RNA
Percent < 50 
copies/mL

All 94 6y 2 m
(0‑16y 4 m)

76 Africa
14 Asia
2 Americas
2 Europe

23 int adopted
60 parent(s)
7 relative(s)
4 unaccompa‑
nied

6y 3 m
(0y 2 m‑17y 
4 m)

8y 7 m
(1y 2 m‑17y 
7 m)

14y 11 m
(4y 10 m‑19y 
7 m)

766
(310–2120)

94%

Girls all 50 6y 8 m
0‑16y 4 m)

38 Africa
10 Asia
2 Americas

12 int adopted 
32 parent(s)
4 relatives
2 unaccompa‑
nied

6y 6 m
(0y 4 m‑16y 
8 m)

8y 6 m
(1y 2 m‑17y 
7 m)

15y 0 m
(6y 5 m‑19y 
7 m)

816
(300–2120)

92%

Girls < 12y 12 3y 8 m
(0‑8y 8 m)

6 Africa
5 Asia
1 Americas

10 int adopted
2 parent(s)

1y 9 m
(0y 4 m‑4y 
11 m)

6y 11 m
(3y 3 m‑10y 
9 m)

8y 7 m
(6y 5 m‑11y 
4 m)

1212
(550–2120)

100%

Girls ≥ 12y 38 7y 7 m
(0‑16y 4 m)

32 Africa
5 Asia
1 Americas

2 int adoption
30 parent(s)
4 relative(s)
2 unaccompa‑
nied

8y 0 m
(0y 5 m‑16y 
8 m)

8y 9 m
(1y 2 m‑17y 
7 m)

17y 0 m
(12y 1 m‑19y 
7 m)

691
(300–1510)

90%
(4 > 50 copies/
mL:
86, 69, 109, 112)

Boys all 44 5y 7 m
(0‑16y 2 m)

38 Africa
4 Asia
2 Europe

11 int adopted
28 parent(s)
3 relative(s)
2 unaccompa‑
nied

6y 0 m
(0y 2 m‑17y 
4 m)

8y 8 m
(1y 5 m‑17y 
4 m)

14y 10 m
(4y 10 m‑18y 
11 m)

709
(310–1320)

95%

Boys < 12y 12 3y 1 m
(0‑8y 1 m)

9 Africa
3 Asia

5 int adopted
6 parent(s)
1 relative(s)

3y 3 m
(0y 2 m‑7y 
11 m)

5/10
(2y 0 m‑12y 
2 m)

9y 0 m
(4y 10 m‑11y 
4 m)

873
(470–1320)

100%

Boys ≥ 12y 32 6y 6 m
(0‑16y 2 m)

29 Africa
1 Asia
2 Europe

 6 int adopted
22 parent(s)
2 relative(s)
2 unaccompa‑
nied

7y 1 m
(0y 3 m‑17y 
4 m)

9y 11 m
(1y 5 m‑17y 
4 m)

17y 0 m
(12y 5 m‑18y 
11 m)

648
(310–1050)

94%
(2 > 50 c/mL:
73, 566)
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(Table  3) with no significant difference between the 
sexes.

BMI in relation to core ART agent
BMI SDS did not differ between ART regimens at last 
visit. In 34 individuals on ART without DTG the mean 
BMI SDS was 0.13 (95% CI; -0.32- 0.58) and in 60 on DTG 
0.39 (95% CI; 0.00- 0.77) (n.s.). Out of 38 girls ≥ 12 years, 
18 were on DTG at last visit. They had mean BMI SDS 
0.74 (95% CI; -0.032- 1.52) compared to mean BMI SDS 
0.49 (95% CI: -0.09- 1.07) in the 20 girls not on DTG 
(n.s.). No significant difference in BMI SDS was detected 
in boys ≥ 12  years on DTG (n = 21) compared to other 
ART combinations (n = 11) nor in boys or girls < 12 years. 
First antiretroviral core agent did not influence BMI SDS 
at last visit. Start with DTG, PI and NNRTI resulted in 
mean BMI SDS 0.13, 0.17 and 0.56 respectively at last 
visit (n.s.).

BMI in relation to DTG combined with TAF or other NRTIs
Out of all 60 children and adolescents treated with DTG 
on last visit, 22 were also on TAF (13 girls and 9 boys) 
(Table 2). Mean BMI SDS in 22 children with DTG + TAF 
was 0.43 (95% CI; -0.09- 0.96) compared to 0.36 (95% 
CI; -0.17- 0.90) in 38 children on DTG + 2 other NRTIs 
(n.s). Among those with DTG and TAF, 4/22 (18%) had 
BMI SDS ≥ 2 compared to 6/38 (16%) of those with DTG 
and two other NRTIs (n.s.). Eight girls ≥ 12 years were on 
DTG + TAF at last visit. They had mean BMI SDS 0.36 
(95% CI; -0.62- 1.35) compared to 1.04 (95% CI; -0.25- 
2.34) in 10 girls ≥ 12 years on DTG + 2 other NRTIs (n.s.). 
No difference in BMI SDS was detected in boys ≥ 12 years 
on DTG + TAF (n = 5) compared to DTG + 2 other NRTIs 
(n = 16), nor in boys and girls < 12 years.

Switch to dolutegravir and BMI
Ten children started on a DTG containing ART combina-
tion. Fifty switched to DTG (26 girls and 24 boys) from 
an NNRTI or PI based regimen while virally suppressed 
at a mean age of 11.26 years (95% CI: 10.11- 12.40). Indi-
vidual BMI and BMI SDS data calculated one year before 
switch to DTG, at switch and one year after switch are 
presented in Fig. 2 and Table 4. No change in BMI SDS 
was seen one year after switch (p = 0.61; mean difference 
0.035; 95% CI: -0.10- 0.17) (Fig. 3., Table 4). BMI SDS did 
not change in 22 children, decreased in 13 and increased 
in 15 (n.s) (Fig. 2, Table 5). However, individual BMI SDS 
curves indicate that an increase either started already 
before the DTG switch (n = 5) or appears after a previous 
decrease (n = 6) (Fig. 2, Table 5).

Growth from prepubertal age to adult age
Fifty-eight children reached final height (24 boys, 34 
girls) where of 36 were followed since prepubertal age (18 
boys, 18 girls) (Fig. 1). Height SDS and age at first visit, 
at start of puberty acceleration (growth velocity > 1  cm 
more than expected since last visit) and at last visit were 
recorded (Table  6). Interindividual variation was con-
siderable (Fig. 4). Mean age at start of pubertal accelera-
tion was 11.8 years in boys and 9.1 years in girls. Mean 
final height was 173.8 cm for boys and 160.6 cm for girls 
(Table  6) compared to the WHO reference 176  cm and 
163 cm respectively.

Discussion
We present a study about weight, height and BMI from 
a cohort of children and adolescents living with HIV, 
representing half of them living with HIV in Sweden, a 
high-income country with available resources for optimal 
pediatric HIV care. The cohort is representative for chil-
dren/adolescents living with HIV in Sweden but differs 
from the general population and from cohorts of other 
chronic diseases since almost all are immigrants, mainly 
from Africa. In addition, only 2/3 lived with a biologi-
cal parent and one fourth were internationally adopted 
(Table  1). The general adherence to ART was good and 
the degree of viral suppression was high throughout the 
study period.

The children recovered height after arrival in Sweden. 
The background to this is probably multi factorial and 
might be attributed to HIV diagnosis and treatment for 
those previously undiagnosed, effective treatment and 
follow-up for those previously not well treated in addi-
tion to better nutritional supply. A similar pattern has 
been observed in HIV negative internationally adopted 
children.  The growth spurt occurred within the nor-
mal age span compared to the WHO growth charts and 
final height was within the normal range apart from a 
few children who were stunted already at arrival before 
ART initiation. This is similar to patterns described in 
HIV negative internationally adopted children [26, 27]. 
Reduced height in HIV-infected children was reported 
in studies from the pre-ART era [1, 2]. Final height in 
our cohort was almost within normal range compared 
to the WHO growth charts. This is similar to what was 
found in the large EPPICC cohort, where a recovery was 
seen after ART initiation, at least for those not severely 
stunted [8, 28] and children with height SDS ≥ -1 at ART 
initiation gained height similarly to HIV negative chil-
dren at comparable age [8]. In the pre-ART era, a study 
of HIV-infected hemophilic boys in the UK showed nor-
mal growth the first 4.5  years after seroconversion [29], 
indicating that normal growth is expected if the child is 
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Fig. 2 BMI SDS in individual children before, at and after switching to DTG. Girls = red; Boys = blue; Age (years); BMI = body mass index; 
SDS = standard deviation score



Page 9 of 13Belfrage et al. BMC Pediatrics          (2023) 23:339  

Table 4 BMI SDS related to DTG switch

BMI expressed as SDS relative to WHO reference; BMI Body mass index, SDS Standard deviation score, SD Standard deviation, DTG dolutegravir

N Mean Lower 95% Upper 95% SD

One year before DTG switch Age (years) 46 10.42 9.21 11.62 4.06

BMI SDS 46 0.26 ‑0.07 0.60 1.12

at DTG switch Age (years) 50 11.26 10.11 12.40 4.03

BMI SDS 50 0.18 ‑0.18 0.53 1.25

One year after DTG switch Age (years) 50 12.39 11.25 13.54 4.03

BMI SDS 50 0.21 ‑0.20 0.62 1.46

Delta BMI SDS One year before DTG switch 46 ‑0.12 ‑0.27 0.02 0.48

One year after DTG switch 50 0.03 ‑0.10 0.17 0.48

Fig. 3 BMI SDS at different time points in relation to DTG switch. DTG = dolutegravir; BMI = body mass index; SDS = standard deviation score; blue 
line = mean; blue field = 95% CI

Table 5 BMI SDS change in relation to DTG switch

Evaluation of change in BMI after DTG switch based on change in BMI SDS, where changes within ± 0.25 SDS were considered as no change due to BMI being sensitive 
to accuracy of height measurements

BMI Body mass index, SD Standard deviation, SDS Standard deviation score, DTG Dolutegravir

Group N Mean Lower 95% Upper 95% SD

Decreased BMI SDS after switch to DTG Age at switch 13 13.15 10.72 15.59 4.03

BMI SDS at switch 13 ‑0.40 ‑1.10 0.30 1.16

BMI SDS change after switch 13 ‑0.56 ‑0.76 ‑0.38 0.31

no change in BMI SDS after switch to DTG Age at switch 22 11.06 9.40 12.73 3.76

BMI SDS at switch 22 0.22 ‑0.32 0.76 1.23

BMI SDS change after switch 22 0.03 ‑0.03 0.09 0.14

Increased BMI SDS after switch to DTG Age at switch 15 9.9 5.42 16.83 4.04

BMI SDS at switch 15 0.61 ‑0.08 1.31 1.26

BMI SDS change after switch 15 0.55 0.41 0.70 0.26
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not malnourished or severely affected by the HIV infec-
tion. The short final height in a few children in our cohort 
could be explained by factors like severe disease, malnu-
trition before immigration or genetic factors. Without 

knowledge of parental height, no certain interpretation is 
possible.

At last documented visit, 14 out of 50 (28%) of the 
girls and 5 out of 44 (12%) of the boys were overweight 

Table 6 Growth in children with first visit during prepubertal ages and who reached final height

Prepubertal age defined as < 9.5 years for girls and < 11.5 years for boys

Pub acc Pubertal acceleration, SD Standard deviation, SDS Standard deviation score, ART  Antiretroviral therapy
a Calculated from age-specific reference values

N Mean Lower 95% Upper 95% SD

Girls First visit Age (years) 18 5.83 4.47 7.18 2.72

Height (cm) 18 108.6 99.3 117.8 18.6

Height SDS 18 ‑0.83 ‑1.30 ‑0.36 0.95

Pub acc Age (years) 18 9.14 8.42 9.86 1.45

Height (cm) 18 129.4 125.3 129.4 8.15

Last visit Age (years) 18 17.26 16.61 17.91 1.30

Height (cm) 18 160.6 157.4 163.8 6.36

Height SDSa 18 ‑0.26 ‑0.70 0.18 0.88

ART start Age (years) 18 6.30 4.35 8.26 3.94

Boys First visit Age (years) 18 5.45 4.03 6.87 2.85

Height (cm) 18 108.4 98.5 118.3 19.9

Height SDSa 18 ‑0.55 ‑1.57 0.46 2.05

Pub acc Age (years) 18 11.81 11.27 12.34 1.08

Height (cm) 18 147.2 133.0 169.5 10.1

Last visit Age (years) 18 17.82 17.38 18.29 0.91

Height (cm) 18 173.8 169.8 177.9 8.14

Height SDSa 18 ‑0.25 ‑0.81 0.31 1.12

ART start Age (years) 18 6.23 4.51 7.95 3.46

Fig. 4 Age at ART start and adult height girls and boys. SDS = standard deviation score: ART = anti‑retroviral therapy; F = female; M = male
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or obese defined as ISO-BMI ≥ 25. Thiscould be related 
to overweight and obesity in 14- 21% among girls and 
10- 25% of boys aged 4- 18 years in the general Swedish 
adolescent population [30, 31]. A recent Swedish study 
shows that overweight is common already from 4 years of 
age (14- 18% in girls and 10–13% in boys) and increase to 
the numbers reported above in adolescents 13–19 years 
[31]. The referred studies used IOTF BMI cut-offs for 
overweight and obesity [25]. Boys were initially less 
prone to overweight than girls, but the opposite condi-
tion was seen among adolescents [30, 31]. In our study, 
obesity defined as BMI SDS ≥ 2 was observed in 9 out of 
50 (18%) of all girls and in 4 out of 44 (9%) of all boys at 
last visit, while obesity defined according to IOTF (ISO-
BMI ≥ 30) was observed in 5 out of 50 (10%) of the girls 
and 2 out of 44 (5%) of the boys (Table 3), which could be 
compared to 3- 4% (girls) and 2.7- 6% (boys) in the gen-
eral population [30]. Thus, the degree of overweight and 
obesity may be higher among girls in our study than in 
the general population but as expected in boys [30, 31]. 
However, with a small cohort, the estimated proportions 
of overweight and obesity are uncertain making compari-
sons with.

There is concern in adults about possible excessive 
weight gain related to INSTIs and particularly DTG [11]. 
Especially women and none-whites have been reported 
to be at risk [10, 11]. However, a recent study suggested 
the difference in weight gain between DTG and EFV 
based regimens to be mainly related to impaired weight 
gain in slow metabolisers of EFV, due to possible side 
effects. Quick EFV metabolisers gained weight at similar 
rates as patients on DTG [32].

Little is published about a possible relation between 
DTG and weight gain in children and adolescents, but 
recently two studies have addressed excessive weight gain 
in relation to DTG switch [14, 15]. Transition to DTG in 
in 460 virally suppressed adolescents in Swaziland was 
associated with an increase in BMI change. Female ado-
lescents experienced a larger change than males [15]. 
Notably, the conclusions were made without correction 
for puberty. In addition, boys and girls were analysed 
together in a cohort > 10 years of age, when age, puberty 
and sex are important parameters in analyses of BMI 
changes in children and adolescents. A smaller retrospec-
tive study of 38 children and youth (aged 0- 19 years) in 
the United States reported an increase in BMI change 
after switch to DTG. The median follow-up time was 
527  days [14]. Neither did this study take puberty into 
account. In addition, the Odyssey study, not designed to 
study outcome of growth, compared DTG based therapy 
to standard of care in children and adolescents starting 
first- or second-line ART. BMI–for–age z score increased 
slightly more in the DTG group than in the standard of 

care group, but from low baseline levels. The weight gain 
occurred early and alongside a small increase in height, 
which was interpretated as improvement in normal 
growth [16].

We found no difference in weight gain between chil-
dren and adolescents treated with DTG compared to 
other regimens. Among 50 children who switched to 
DTG, 22 kept their BMI position, compared to 13 and 15 
with decrease or increase in BMI SDS respectively, sug-
gesting absence of systematic increase in BMI after DTG 
switch. No change in BMI SDS could be seen 13 months 
after switch to DTG regardless of age and sex. We con-
sidered an observational time of 13  months as optimal 
to evaluate if a drug per se constitutes a risk factor for 
excessive weight gain. With longer observational time, 
other factors like environmental factors and changes in 
lifestyle will complicate the analysis.

Despite an increased number of adolescent girls with 
BMI SDS ≥ 2 between first (0/38) and last visit (8/38), 
there was no difference related to ART regimen. Eight-
een individuals were on DTG at last visit and their BMI 
SDS did not differ from the 20 with an NNRTI or PI as 
core agent. Weight gain seen in HIV-infected individu-
als starting effective ART might be a normalization or 
adaption of BMI to levels seen in the general population 
rather than an excessive BMI increase caused by the dif-
ferent drugs. However, case reports of children and ado-
lescents with excessive weight gain after shift to DTG 
[33] and reversion after change back to the initial ART 
combination might indicate the occurrence of certain 
individual factors predisposing for DTG related effects 
on weight. RCTs comparing the relationship between 
certain antiretrovirals and weight gain to healthy controls 
with similar socioeconomic background are lacking.

One strength of our study is the well-controlled, thor-
oughly monitored study cohort consisting of a consider-
able part of all available children and adolescents living 
with HIV in Sweden and another is taking puberty in 
account. To our knowledge it is the first study analys-
ing DTG-related weight and BMI change to age adjusted 
growth charts and to the condition in the general popu-
lation. We consider it a strength to have analyses of age 
adjusted change in BMI SDS with observations one year 
before, at switch and one year after switch to DTG. As 
a complement we also present the occurrence of over-
weight and obesity. Several studies define cut-off for 
suspected DTG-related weight gain as more than 7% 
increase in BMI from pre-ART BMI [11], which could 
represent unwanted weight gain but also reflect a desira-
ble increase due to positive treatment effects. In addition, 
the 7% BMI increase does not take puberty in account. 
Thorough follow-up and repeated height and weight 
measurements guarantee good data quality. Despite 
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representing half of the pediatric HIV population in Swe-
den, the cohort is small which limits definite conclusions 
regarding DTG and weight gain. Another limitation is the 
retrospective design.

In conclusion DTG was the dominating core agent at the 
last documented visit in this well treated pediatric cohort 
and we found no evidence of DTG and/or TAF causing 
excessive weight gain. The children and adolescents gained 
height and weight significantly between their first and last 
visit which might be an expected return to health effect 
caused by efficient ART. For those followed from prepu-
bertal age, timing of pubertal growth and final height was 
within the normal range compared to the WHO growth 
standards. Short adult stature was seen only in those 
severely stunted before arrival in Sweden. Overweight and 
obesity in children and adolescents are growing problems 
in the general population as well as in this cohort. Adoles-
cent girls gained weight to a greater extent than expected 
regardless of ART regimen but children/adolescents living 
with HIV and on effective ART essentially had a weight and 
height development like their Swedish peers.
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