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Background: Treatment with tenofovir alafenamide fumarate (TAF) is associated with body weight gain. How
ever, little or no information is available on this issue in Asian populations.
Methods: This single-center retrospective study included Japanese people living with HIV (PLWH) who satisfied
the following criteria; 1) switching from TDF to TAF after HIV-suppression, 2) follow-up for ≥2 years while on
TDF and TAF, and 3) no switching of the third antiretroviral agent. Changes in annual body weight and lipid
profiles were compared between the TDF and TAF periods.
Results: Of 328 patients, dolutegravir (DTG) was used in 118 PLWH. Overall, no significant difference in weight
gain was observed between TDF and TAF (0.76 vs. 0.9 kg/year, p = 0.331). In TAF-period, younger (<50 years of
age) group showed significantly greater weight gain than older group (1.03 vs. 0.12 kg/year, p = 0.037). In DTG
group, weight gain was larger in TAF-period (0.74 vs. 1.31 kg/year, p = 0.046), especially in younger subgroup
(1.43 kg/year) compared with older one (− 0.12 kg/year). Multivariate regression analysis showed that TAF was
not associated with weight gain (estimates 0.201, p = 0.170) except for DTG group, whereas young age was
associated with weight gain in all subjects (estimates − 0.033/1 year older, p < 0.001), DTG, RAL, and EFV
groups.
Conclusion: In Japanese PLWH, annual body weight change was comparable in TDF- and TAF-period, while TAF
plus DTG correlated with weight gain. Since young age was a key determinant of weight change, careful
interpretation is needed for TAF-associated weight gain.

1. Introduction
Tenofovir alafenamide (TAF), the prodrug of tenofovir, is modified
to maintain high intracellular tenofovir concentrations despite lower
plasma tenofovir concentrations [1], conferring significantly lower
nephrotoxicity and bone-toxicity than tenofovir disoproxil fumarates
[2–4]. Recent studies have described the association of TAF with body
weight gain [5,6]. Especially, the combination of TAF and integrase
strand transfer inhibitors (INSTIs) has been reported to be associated
with increase in body weight both in treatment-naïve patients [5,7] and
treatment-experienced patients [8,9]. This effect is of concern especially
in Asians, since unlike Caucasians or African Americans, slight weight
gain in Asians can be an important predisposing factor for type 2

diabetes mellitus [10]. Furthermore, weight gain is often parallel to lipid
elevation, which raise the risk of cardiovascular diseases as in Fra
mingham or Suita score [11]. However, this parallel relationship can be
often altered in HIV infection by immune reconstitution, inflammation,
and antiretroviral agents. To evaluate the impact of TAF-associated
weight gain to cardiovascular diseases, lipid change should be inde
pendently evaluated together.
To date, several issues remain unsolved regarding TAF-related body
weight gain. First, the majority of currently available data on TAFrelated body weight gain was generated from studies on Caucasian or
African American populations [5], with only a few data on Asian pop
ulations, who generally have smaller body size and lower body mass
index (BMI) [12,13]. Second, studies conducted in treatment-naïve
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patients showed that the body weight gain was largely affected by the
immune reconstitution, which can cause overestimation of
TAF-associated body weight gain. To adjust for immune reconstitution,
studies need to be conducted in treatment-experienced patients who
switch TDF to TAF after sustained viral suppression. Third, the impact of
a third agent of antiretroviral therapy (ART) on body weight gain should
be adjusted appropriately. Especially, protease inhibitors were reported
to cause various metabolic disorders [14], and the second generation
INSTIs are also known to cause body weight gain [5]. Thus, there is a
need for separate evaluation of TAF-associated weight gain for each
third ART agent.
We designed the present third agent-based cohort study to evaluate
TAF-associated body weight gain and lipid elevation in treatmentexperienced HIV-infected Japanese individuals who switched TDF to
TAF after sustained viral suppression.

months (months − 24, − 12, 0, 12, and 24).
The present study was approved by the Ethics Review Committee of
Tokyo Medical University (#SH3751) and was conducted according to
the principles of the Declaration of Helsinki.
2.2. Statistical analysis
Data are reported as mean ± SEM. The demographic characteristics
of the participating patients were compared by the third antiretroviral
groups (DTG, RAL, DRV, and EFV). For comparison among the four types
of the third ART agents, one-way analysis of variance (ANOVA) was used
for continuous variables, and either the chi-square or Fisher’s exact test
was conducted for categorical variables. The annual change in body
weight (kg/year) was compared between TDF-period and TAF-period by
Wilcoxon’s signed rank test. BMI was recorded every year and classified
into five categories based on the WHO definition of obesity; BMI <18.5
kg/m2 representing “underweight”, ≥18.5 to <25 kg/m2 for “normal
range”, ≥25 to <30 kg/m2 for “pre-obese”, ≥30 to <35 kg/m2 for “obese
class I′′ , and ≥35 kg/m2 for “obese class II”. Furthermore, the annual
change in body weight gain (kg/year) was compared between the TDFand TAF-period by the two age groups (<50 vs. ≥50 years of age) by the
paired t-test. Next, weight change was compared between two age
groups in TDF- and TAF-period respectively, by the unpaired t-test. For
more precise evaluation of the relationships between multiple risk fac
tors and annual body weight change, multivariate linear regression
models with five variables (TAF, ≥50 years of age, sex, height, and use of
lipid-lowering agents) were generated for all populations and for each
third ART agents. The total changes in TC, HDL-C, LDL-C, TG, and TC/
HDL-C were also compared between TDF- and TAF-period by the paired
t-test. Multiple linear regression models were generated to adjust for
age, sex, and use of lipid-lowering agents. Statistical significance was
defined as two-sided p value of <0.05. All statistical analyses were
performed using the Statistical Package for Social Sciences (ver. 23.0,
SPSS, Chicago, IL).

2. Materials and methods
2.1. Sample populations and data collection
This retrospective single-center study was conducted at Tokyo
Medical University Hospital on Japanese people living with HIV (PLWH)
who satisfied the following inclusion criteria; 1) switched from TDF to
TAF after at least two consecutive HIV-RNA levels <50 copies/mL
following TDF-containing therapy, 2) followed-up for ≥2 years each of
both TDF- and TAF-period, 3) received dolutegravir (DTG), raltegravir
(RAL), darunavir (DRV), or efavirenz (EFV) as the third ART agent, and
4) did not switch to a different third ART agent during the study period.
The following exclusion criteria were also applied; 1) treatment-naïve
PLWH, 2) PLWH treated with dual antiretroviral agents, 3) PLWH with
history of interruption of ART, 4) PLWH with malignancy, and 5) PLWH
who were on continuous use of steroids (Fig. 1).
The clinical characteristics, body weight, and laboratory tests values
recorded during the period of January 2015 to March 2020 were ob
tained from the medical records. For treatment, the switch day was
defined as month 0. The values of body weight, body mass index (BMI)
and lipid profile [total cholesterol (TC), high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), tri
glycerides (TG), and TC/HDL-C ratio] were collected from 24 months
before (month − 24) to 24 months after (month 24) the switch.
Consecutive data of the above parameters were obtained every 12

3. Results
3.1. Patient characteristics
A total of 328 HIV-infected patients were included in the study
(Fig. 1). Of those, 323 (98.4%) were males and the mean age of all

Fig. 1. Enrollment flow of study populations. PLWH: people living with HIV, TDF; tenofovir disoproxil fumarate, TAF; tenofovir alafenamide, ABC; abacavir, DTG;
dolutegravir, RAL; raltegravir, DRV; darunavir, EFV; efavirenz.
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participants was 40.9 ± 0.5 years. The mean body weight at baseline
was 69.4 ± 0.7 kg, with a mean BMI of 24.0 ± 0.2 kg/m2. With regard to
the third ART agents, 118 (35.9%) patients received DTG, 135 (41.2%)
received RAL, 50 (14.0%) received DRV, and 25 (7.6%) patients
received EFV. Among the third agent groups, DTG and DRV groups
included relatively younger population (mean age, 39.7 and 39.4 years,
respectively) compared with the RAL and EFV groups (42.1 and 43.9
years, respectively, Table 1, p = 0.037). There were no significant dif
ferences among the third agent groups in sex, body weight, BMI, CD4
cell count, undetectable HIV-RNA, smoking status, and use of anti-lipid
agents (Table 1).

second year of TDF-period in all groups.

3.2. Weight change in TDF vs. TAF-period

3.4. Effect of age on weight change in TDF- and TAF-period

Fig. 2 demonstrates the weight change before and after the switch
from TDF to TAF, which were each used for 2 years. Irrespective of TDFand TAF-period, body weight progressively increased during the study
period; analysis of the entire group showed no significant difference in
weight change between the TDF- and TAF-period (0.76 vs. 0.91 kg/year,
p = 0.331) (Fig. 2A). However, in the DTG group, body weight gain was
significantly larger in the TAF-period than in TDF-period (1.30 vs. 0.74
kg/year, p = 0.046) (Fig. 2B). For the TAF-period, a larger body weight
gain was recorded in the first year of TAF-period in the all-sample
population (1.32 kg/year in the first year of TAF-period vs. 0.50 kg/
year in the second year, p = 0.009) (Fig. 2A), and in the DTG group, the
largest weight gain was observed in the first year of TAF-period (1.89
kg/year in the first year vs. 0.68 kg/year in the second year, p = 0.024)
(Fig. 2B). In contrast, in the groups other than DTG (RAL, DRV, and
EFV), there was no significant difference in the annual weight gain be
tween the TDF and TAF periods. (Fig. 2C–E). In the second year of TAFperiod, the annual body weight change was comparable to the first and

Next, we examined the effect of age on the annual weight change in
the TDF- and TAF-periods (Fig. 4), by comparing the results of the
younger group (<50 years, n = 285) and the older group (≥50 years, n
= 43). For the entire group, no difference was found between TDF and
TAF period in younger or older group (0.78 kg/year in TDF-period vs.
1.03 kg/year in TAF-period in <50 group, p = 0.161, and 0.57 kg/year
in TDF-period vs. 0.12 kg/year in TAF-period in the ≥50 group, p =
0.175). However, in TAF period, older group showed significantly
smaller weight change than younger group (0.12 kg/year in older group
vs. 1.03 kg/year in younger group, p = 0.037). A similar analysis was
conducted to examine the effect of type of the third ART. In the DTG
group, the annual weight gain was larger in the TAF-period than in TDFperiod in the <50 group (0.68 kg/year in TDF-period vs. 1.43 kg/year in
TAF-period, p = 0.012), whereas no significant difference in the annual
weight change was observed in the ≥50 group (1.37 kg/year in TDFperiod vs. − 0.12 kg/year in TAF-period, p = 0.172). Moreover, in TAF
period, older group showed significantly smaller weight change than
younger group (− 0.12 kg/year in older group vs. 1.43 kg/year in
younger group, p = 0.037).

3.3. BMI changes in TDF-and TAF-period
Fig. 3 demonstrates the change in five BMI categories during the
study period. For the entire study population, the proportion of patients
with BMI ≥25 kg/m2 increased from 35.9% at baseline to 47.4% at the
end of the observation period, and the change in the prevalence was
comparable between the TDF- and TAF-period (4.9% vs. 6.7% respec
tively). On the other hand, for the DTG group, the change in the prev
alence of BMI ≥25 kg/m2 was larger in the TAF-period than in TDFperiod (4.2% in the TAF-period vs. 12.6% in the TDF-period).

Table 1
Patients characteristics.
ALL

DTG
group

RAL
group

DRV
group

EFV
group

pvalue

n (%)

328

Age, mean ±
SEM, (years)
>50 years, n (%)

40.9
± 0.5
43
(13.1)
323
(98.4)
69.4
± 0.7
24.0
± 0.2
9 (2.7)
185
(56.4)
103
(31.4)
31
(9.5)
686 ±
270

118
(36.0)
39.7 ±
7.5
9 (7.6)

135
(41.2)
42.1 ±
10.1
24
(17.8)
133
(98.5)
69.4 ±
11.5
24.4 ±
4.0
3 (2.2)
80
(59.3)
43
(36.4)
9
(6.67)
699 ±
295

50
(15.2)
39.4 ±
7.4
5 (10)

25
(7.6)
43.9
± 7.5
5 (20)

0.037

50
(100)
69.6 ±
11.2
23.9 ±
3.9
2 (4)
31 (62)

4 (8)

24
(96)
71.3
± 9.6
24.3
± 3.2
0 (0)
14
(56)
10
(40)
4 (16)

692 ±
267

655 ±
271

0.858

16
(32.0)
13
(26.0)
21
(42.0)
3 (6)

4
(16.0)
14
(56.0)
7
(28.0)
2 (8)

0.213

Sex, Male (%)
Weight, mean ±
SEM (kg)
BMI, mean ±
SEM (kg/m2)
<18.5
≥18.5 to <25.0
≥25.0 to <30.0
≥30.0
Baseline CD4 cell
count, mean ±
SEM (/μL)
Smoking
Never
Past
Current
Use of lipidlowering
agents

125
(38.1)
100
(30.5)
103
(31.4)
21
(6.4)

117
(99.2)
69.1 ±
12.7
23.5 ±
3.7
8 (6.8)
74
(62.7)
30
(25.4)
6 (5.1)
677 ±
238
48
(49.8)
31
(26.2)
39
(33.0)
5 (4.2)

57
(42.2)
42
(31.1)
36
(26.7)
11
(8.1)

13 (26)

3.5. Changes in lipid profiles in TDF- and TAF-period
We also examined the changes in lipid profile in TDF-and TAF-period
(Fig. 5). Analysis of data of the whole group showed larger increases in
TC, HDL-C, LDL-C, and TG in TAF- than TDF-based treatment. Specif
ically, the increases in TC and LDL-C were larger in the TAF-period
regardless of the type of the third ART agent (TC increased 6.9 mg/dL
in TDF-period and 22.1 mg/dL in TAF-period. LDL-C increased 6.4 mg/
dL in TDF-period and 15.6 mg/dL in TAF-period, p < 0.001). In contrast,
no such differences were noted in the TC/HDL-C ratio in both periods
(0.11 in TDF-period vs. 0.12 in TAF-period). In the DTG group, the in
creases in TC and LDL-C were larger in the TAF-period, while TC/HDL-C
was comparable between the TDF- and TAF-period (0.17 in TDF-period
vs. 0.04 in TAF-period).

0.489
0.861
0.386

3.6. Multivariate linear regression analysis for body weight gain and lipid
profiles
Table 2A shows the results of multiple regression analysis according
to the type of the third ART agent after adjustment for the effects of
various confounding factors on body weight change, including age, sex,
height, use of lipid-lowering agent, and TAF. Analysis of data of the
entire study patients showed that TAF use was not associated with sig
nificant body weight gain [estimate 0.201, 95% confidence interval
(95%CI) (− 0.086 to 0.489), p = 0.170]. In the DTG group, TAF treat
ment was associated with larger body weight gain (estimate 0.627, 95%
CI 0.103 to 1.151, p = 0.019).
Of note, younger age was associated with significantly larger body
weight gain (estimate − 0.033 for 1 year older, 95%CI -0.049 to − 0.016,
p = 0.006). Remarkably, younger age was also associated with larger
weight gain in the majority of the third ART agents (estimate − 0.053,

0.213
0.213
0.582

DTG; dolutegravir, RAL; raltegravir, DRV; darunavir, EFV; efavirenz, SEM;
standard error of mean, BMI; body mass index.
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Fig. 2. Body weight changes in TDF- and TAF-period associated with various third ART agents. Analysis of data of the entire group showed no difference in weight
change between TDF- and TAF-period (0.76 vs. 0.91 kg/year, p = 0.331). A larger body weight gain was noted in the TAF-period (0.74 vs. 1.30 kg/year, p = 0.003) in
subjects treated with DTG, especially in the first year of TAF-period (1.89 kg/year). Bars represent standard error of mean.

Fig. 3. Annual BMI changes in TDF- and TAF-period in patients treated with various third ART agents. Analysis of data of the entire group showed persistent increase
in overweight population (BMI ≥25 kg/m2) in both the TDF- and TAF-period (+4.9% increase in TDF-period and +6.6% in TAF-period).

− 0.024, and − 0.067 for the DTG, RAL, and EFV groups, respectively). In
contrast, TAF was associated with increases in absolute levels of TC,
LDL-C, HDL-C, and TG, independent to age, sex, or use of lipid-lowering
agents, whereas age was not associated with an increase in lipid profile.
However, the TC/HDL-C ratio did not correlate with TAF-use
[Table 2B].

criteria or adjust for confounding factors (especially age) on weight gain
[12,13,15]. Our results showed that switching to TAF was not associated
with significantly greater weight gain than the TDF-period in Japanese
patients treated with any of the third agents. Specifically,
TAF-associated weight gain was limited to the first year after the switch,
a finding consistent with that of previous large US and European cohort
studies [8,16].
However, this finding does not directly indicate the safety of TAF
with regard to metabolic disorders. In the Asian population, even a small
body weight gain increases the risk of metabolic disorders [10,17]. Since
the annual weight gain of >0.5 kg/year in general Japanese males of
middle-to-late adulthood was observed only in 20% [18,19]; our results
suggest that the weight gain in our Japanese PLWH was larger than the

4. Discussion
The present study enrolled the sample population with 1) sustained
HIV suppression, 2) maintained treatment with third ART agents, 3)
more than 2 years data of each of TDF- and TAF-period. The majority of
previous studies on Asian people with HIV did not satisfy the above
174
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Fig. 4. Annual body weight changes in TDF- and TAF-period by age for each of the third ART agent. Analysis of data of the entire group showed that although not
significant by the paired t-test, younger Japanese PLWH tended to show larger body weight gain in TAF-period, compared with their older counterparts. The addition
of DTG resulted in a significantly larger body weight gain in younger PLWH in the TAF-period (0.68 kg/year in TDF-period vs. 1.43 kg/year in TAF-period, p =
0.012), compared with their older counterparts (1.37 kg/year in TDF-period vs. − 0.12 kg/year in TAF-period, p = 0.172). Boxes represent interquartile ranges and
whiskers represent 95% confidence intervals.

Fig. 5. Lipid profile changes in the TDF- and TAF-periods induced by treatment with the third ART agents. Total cholesterol (TC) and LDL-C increased significantly in
the TAF-period in all third agent groups, whereas the change in TC/HDL-C ratio was comparable between the TDF- and TAF-period in all third ART agents. Boxes
represent interquartile ranges and whiskers represent 95% confidence intervals.

general population, irrespective of class of the ART. For a better un
derstanding of the association between HIV treatment and weight gain,
further studies are needed to determine the clinical importance of
inflammation-related metabolic disorders, instead of simple comparison
of weight gain between ARTs.
The important finding of our study is that younger age was associ
ated with significant weight gain in Japanese PLWH treated with third
ART agents, while such effect was only noticed with DTG in the TAF-

period. Our group data analysis showed weight gain only in the <50
PLWH age group during the TAF-period (1.1 kg/year) but not in the ≥50
year group (0.18 kg/year). Furthermore, this age-specific weight change
pattern was even more pronounced when TAF was combined with DTG
in the ≤50 group (1.42 kg/year), compared with − 0.15 kg/year in the
≥50 group. These findings are consistent with the results of a large
Italian cohort, where elderly PLWH (>65 years) did not show significant
weight gain after the switch to DTG [20]. The AGEhIV cohort also
175

− 0.049 to
− 0.016
− 2.212
to,0.435
− 0.001 to
0.048
− 0.086 to
0.489
− 0.353 to
0.816
0.42

0.627

0.009

− 1.133

− 0.053

0.512

0.019

0.689

0.446

0.003

pvalue

− 0.840 to
1.679

− 0.087 to
− 0.018
− 4.058 to
1.792
− 0.036 to
0.055
0.103 to 1.151

95% CI

0.308

0.007

0.019

− 0.103

− 0.024

estimate

RAL

0.478

0.977

0.331

0.916

0.042

pvalue
− 0.046 to
0.001
− 2.023 to
1.817
− 0.019 to
0.057
− 0.433 to
0.446
− 0.547 to
1.164

95% CI

176

0.317

− 31.807
to,4.331
11.373 to
19.279
− 2.898 to
8.933

− 0.34 to 0.116

1.091

9.265

− 3.481

0.005

0.731

<0.001

0.720

0.969

p-value

− 5.139 to 7.321

− 0.236 to
− 0.245
− 22.511 to
15.550
5.102 to 13.428

95% CI

0.011

3.250

1.295

− 0.031

estimate

HDL-C

0.991

<0.001

0.418

0.422

p-value

− 0.108 to
0.045
− 4.792 to
7.381
1.918 to
4.582
− 1.982 to
2.004

95% CI

0.830

39.933

− 42.339

0.062

estimate

TG

− 0.158

− 0.114

0.103

NA

− 0.02

estimate

DRV

0.957

<0.001

0.370

0.918

p-value

0.799

0.737

0.002

NA

0.390

pvalue

TC: total cholesterol, LDL-C; low-density lipoprotein cholesterol, HDL-C; high-density lipoprotein cholesterol, TG; triglycerides, 95%CI; 95% confidence interval.

3.017

<0.001

15.326

use of lipid lowering
agents

0.136

− 13.738

Sex (male = 0, female
= 1)
TAF

0.336

− 0.112

Age (per 1 year older)

estimate

95% CI

estimate

p-value

LDL-C

TC

Table 2B
Results of multiple linear regression analyses of data of all study patients for lipid profile changes.

DTG; dolutegravir, RAL; raltegravir, DRV; darunavir, EFV; efavirenz, TAF; tenofovir alafenamide, 95%CI; 95% confidence interval.

0.437

0.17

0.201

0.232

0.063

0.024

use of lipid-lowering
agents

0.188

− 0.889

Sex (male = 0, female
= 1)
Height (per 1 cm
increase)
TAF

<0.001

− 0.033

estimate

Age (per 1 year older)

DTG
95% CI

estimate

p-value

ALL

Table 2A
Results of multiple linear regression analyses for weight gain by third ART agents.

− 29.539 to
31.199

− 135.105 to
50.426
19.639 to 60.277

− 1.11 to 1.234

95% CI

− 0.784 to
0.557
− 1.384 to
1.068

0.038 to 0.168

− 0.065 to
0.025
NA

95% CI

0.967

0.985

0.974

0.041

0.043

pvalue

0.090

0.015

− 0.489

− 0.003

estimate

0.459

0.229

0.187

0.474

pvalue

TC/HDL-C ratio

− 0.037

− 0.008

0.002

− 2.638

− 0.067

estimate

EFV

− 0.013
0.006
− 1.216
0.238
− 0.150
0.628
− 0.148
0.328

to

to

to

to

to

to

to

to

to

95% CI

− 0.132
− 0.002
− 5.169
− 0.107
− 0.104
0.107
− 0.893
0.877
− 1.821
1.746

95% CI
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reported that excessive weight gain rarely occurred after switching to
INSTI in the elderly [21]. Although RAL has been proved to be the most
lipid-favorable agent in a number of randomized clinical trials [22,23],
large real-world analyses in age-unmatched ART groups reported that
RAL had a larger effect on weight gain and lipid profiles, compared to
other agents [24–26]. For better interpretation of the association of ART
with body weight gain and/or lipid profiles, attention should be paid to
age heterogeneity in the study group. The clinical relevance of the as
sociation of younger patients with HIV and body weight gain during
treatment is not clear. In healthy population, body weight gradually
increases up to 60 years of age, and then decreases following fat redis
tribution into the abdomen and reduction in lean body mass [27,28].
Our study showed a closer relationship between age and weight gain
during the TAF-period compared to that in healthy population. Weight
gain cannot be simply interpreted as drug-specific adverse effect but as
consequence of immune reconstitution induced by long-term HIV
suppression.
Our results showed that TAF was an independent factor for increases
in plasma levels of TC, LDL-C, and HDL-C, and TG, adding support to the
findings of previous studies [8,29]. However, since the TC/HDL-C ratio
did not change following the switch from TDF to TAF, the change in
absolute values of lipids in the TAF-period needs careful interpretation.
First, since TDF itself has lipid-lowering effect [30,31], lipid elevation
after switching TDF to TAF is likely overestimated. Second, irrespective
of ART class, most of the ART used in this study have demonstrated
persistent and gradual lipid rise even after long-term sustained viral
suppression [32,33]. This therapy-related dyslipidemia cannot be
explained reasonably by the drug-specific adverse effect. Third, other
studies reported that absolute levels of lipids were less associated with
coronary atherosclerosis in HIV-positive than -negative populations, and
that TC/HDL-C was the strongest predictor of coronary atherosclerosis
[34]. One possible explanation is the association between HIV-related
inflammation and lipid-profile or fat distribution [35]. A number of
randomized studies concluded that body fat distribution during treat
ment is not determined by the ART class but by pre-treatment viral load
[36]. The D.A.D study also showed that the incidence of cerebrovascular
disease was associated with lower pre-treatment BMI [26]. Although the
authors speculated that the larger weight change was a risk factor for
cerebrovascular disease or metabolic disorders, nowadays it may be
more reasonable to suggest that a significant proportion of underweight
HIV patients are exposed to HIV-related inflammation, compared with
the risk of metabolic disorders. Excessively high levels of several in
flammatory cytokines, such as TNFα, IL-1β, and IL-6 are found in pa
tients with HIV [37], and these levels correlate with the size of proviral
HIV and residual HIV-RNA [38]. Several important findings were re
ported on HIV-related inflammation and metabolic disorders by the
SMART study: 1) interruption of ART caused not only outgrowth of viral
proliferation but also sudden drop in lipid profiles with spikes in various
inflammatory markers [35]; 2) the incidence of type 2 diabetes did not
correlate with the type of ART but rather with the levels of inflammatory
cytokines [39].
Our study has several limitations. First, the study did not evaluate the
change in body weight and lipid profiles immediately after the switch to
TDF, hence, the change in the TDF-period can be underestimated. Sec
ond, 6.4% of the enrolled patients were on treatment with lipid-lowering
agents during the observation period, which could have affected their
lipid profiles. Although we adjusted our data for the impact of treatment
with lipid-lowering agents on body weight gain, the duration of such
treatment was not assessed in our regression models. Third, although
HIV-associated chronic inflammation seems to be a key factor for
interpretation of TAF-associated body weight gain and lipid profiles, the
present study did not evaluate changes in inflammation markers.

not TAF alone, was associated with body weight gain, a finding
consistent with the results reported previously in Caucasians. Interest
ingly, TAF-associated weight gain was limited to <50-year-old PLWH
and to the first year after the switch of therapy. The clinical implications
of these findings need to be carefully interpreted in the context of both
improvement of chronic inflammation as well as drug adverse effects.
Funding
This work was not supported by government or private agencies.
Author contributions
RS and EK conceived and designed the study. RS, TM, AK, YC, MB,
MY, TH, KA, and EK collected the data. RS and EK analyzed the data. EK
supervised the study and drafted the main findings. RS wrote the
manuscript. All authors critically revised the manuscript for intellectual
content and approved the final version submitted for publication.
Declaration of competing interest
The authors declare no conflict of interest.
Acknowledgment
The authors thank Yoshiko Kamikubo, Tomoko Yamaguchi, Ryui
Miyashita, Yuko Harada, and Shun Kaneko for data collection.
References
[1] Markowitz M, Zolopa A, Squires K, Ruane P, Coakley D, Kearney B, et al. Phase I/II
study of the pharmacokinetics, safety and antiretroviral activity of tenofovir
alafenamide, a new prodrug of the HIV reverse transcriptase inhibitor tenofovir, in
HIV-infected adults. J Antimicrob Chemother 2014;69(5):1362–9.
[2] Gallant JE, Daar ES, Raffi F, Brinson C, Ruane P, DeJesus E, et al. Efficacy and
safety of tenofovir alafenamide versus tenofovir disoproxil fumarate given as fixeddose combinations containing emtricitabine as backbones for treatment of HIV-1
infection in virologically suppressed adults: a randomised, double-blind, activecontrolled phase 3 trial. Lancet HIV 2016;3(4):e158–65.
[3] Mills A, Arribas JR, Andrade-Villanueva J, DiPerri G, Van Lunzen J, Koenig E, et al.
Switching from tenofovir disoproxil fumarate to tenofovir alafenamide in
antiretroviral regimens for virologically suppressed adults with HIV-1 infection: a
randomised, active-controlled, multicentre, open-label, phase 3, non-inferiority
study. Lancet Infect Dis 2016;16(1):43–52.
[4] Mayer KH, Molina JM, Thompson MA, Anderson PL, Mounzer KC, De Wet JJ, et al.
Emtricitabine and tenofovir alafenamide vs emtricitabine and tenofovir disoproxil
fumarate for HIV pre-exposure prophylaxis (DISCOVER): primary results from a
randomised, double-blind, multicentre, active-controlled, phase 3, non-inferiority
trial. Lancet 2020;396(10246):239–54.
[5] Sax PE, Erlandson KM, Lake JE, McComsey GA, Orkin C, Esser S, et al. Weight gain
following initiation of antiretroviral therapy: risk factors in randomized
comparative clinical trials. Clin Infect Dis 2020;71(6):1379–89.
[6] Venter WDF, Moorhouse M, Sokhela S, Fairlie L, Mashabane N, Masenya M, et al.
Dolutegravir plus two different prodrugs of tenofovir to treat HIV. N Engl J Med
2019;381(9):803–15.
[7] Venter WDF, Sokhela S, Simmons B, Moorhouse M, Fairlie L, Mashabane N, et al.
Dolutegravir with emtricitabine and tenofovir alafenamide or tenofovir disoproxil
fumarate versus efavirenz, emtricitabine, and tenofovir disoproxil fumarate for
initial treatment of HIV-1 infection (ADVANCE): week 96 results from a
randomised, phase 3, non-inferiority trial. Lancet HIV 2020;7(10):e666–76.
[8] Surial B, Mugglin C, Calmy A, Cavassini M, Günthard HF, Stöckle M, et al. Weight
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