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ABSTRACT

Background and Aims: People living with human immunodeficiency virus (HIV, PLWH) are aging, and there are growing
concerns regarding combined antiretroviral therapy (cART)-associated negative metabolic consequences. We aimed to inves-
tigate the metabolic outcomes of PLWH by replacing rilpivirine (RPV)/tenofovir disoproxil fumarate (TDF)/emtricitabine (FTC)
with RPV/tenofovir alafenamide (TAF)/FTC.

Methods: This retrospective study enrolled PLWH who changed from RPV/TDF/FTC to RPV/TAF/FTC between January
2019 and September 2023. Metabolic profiles were compared 1 year before and 3 years after changing cART using
Cochran's Q and one-way ANOVA. The independent risk factors for metabolic syndrome were analyzed using logistic
regression.

Results: A total of 182 patients were enrolled. The prevalence of metabolic syndrome has increased from 28% to 40.7%. The
prevalence of hypertension and abnormal lipid levels significantly increased in the first year after changing cART, but
the prescription of medicine for dyslipidemia increased in the second year (p = 0.025) and that for hypertension increased in the
third year (p <0.001). In addition to the criteria, body mass index (BMI) before changing cART was the only predictor of
metabolic syndrome in the third year (OR 1.36; 95% CI 1.19-1.55; p < 0.001). The prevalence of metabolic syndrome and BMI
did not increase significantly during the second and third years.

Conclusions: A gradually higher prevalence of metabolic syndrome among PLWH occurred with changes from RPV/TDF/FTC
to RPV/TAF/FTC but plateaued beyond 2 years. However, fewer drugs for dyslipidemia, diabetes, and hypertension were
prescribed within the first year after changing cART.

1 | Introduction life expectancy, similar to that of the general population
[1, 2]. There are growing concerns regarding the cART-
With the introduction and advancement of combined anti- associated negative metabolic consequences because these

retroviral therapy (cART), people living with human populations are aging. Metabolic syndrome includes clus-
immunodeficiency virus (HIV, PLWH) have a nearly normal tering risk factors for abdominal obesity, hypertension,
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hyperglycemia, and dyslipidemia, and is associated with
cardiovascular diseases and diabetes [3]. A previous study
showed that the prevalence of metabolic syndrome among
global PLWH was as high as 16.7%-31.3% [4]. Another meta-
analysis from Africa indicated that the prevalence of meta-
bolic syndrome in PLWH was significantly higher than that
in HIV-negative individuals (21.5% vs. 12.0%) [5]. However,
most of the abovementioned meta-analyses were conducted
in Western countries and Africa, and information on
metabolic syndrome in PLWH in Asia is limited [6].

Tenofovir disoproxil fumarate (TDF) is a highly effective and
common cART agent. Recently, TDF has been progressively
superseded by tenofovir alafenamide (TAF) owing to its bone
and renal toxicity [7-9]. In contrast, weight gain and
increased dyslipidemia after switching from TDF to TAF
have been reported in previous literature [10-14]. Among
patients who switched from TDF to TAF, there were signif-
icant increases in body weight (+1.5-1.7 kg), total cholesterol
(+15mg/dL),

low-density lipoprotein cholesterol (LDL-C) (+6.6-9 mg/dL)
and triglycerides (4+12-18.9 mg/dL) during 18-24 months
[11, 12, 14]. When comparing patients with continuing TDF,
significant weight gain (+0.5kg) and rising blood lipid,
including  total  cholesterol  (4+7.9mg/dL), LDL-C
(+4.1 mg/dL), and triglycerides (+11.2 mg/dL) were shown
in those with changing to TAF [10]. Nevertheless, body
weight and body mass index (BMI) can not be distinguished
from central obesity, and normal-weight central obesity is
associated with a higher risk of mortality and poor metabolic
consequences [15, 16]. Furthermore, information regarding
metabolic syndrome in PLWH with changes from TDF to
TAF is scarce.

To address the importance of different cART regimens on
metabolic consequences, the aim of our study was to evaluate
the development and associated risk factors of metabolic syn-
drome among PLWH with switching from rilpivirine (RPV)/
TDF/emtricitabine (FTC) to RPV/TAF/FTC.

2 | Methods

2.1 | Study Design and Subjects

This retrospective observational study was conducted at a ter-
tiary medical center in Taiwan. PLWH aged > 20 years who
received cART changing from RPV/TDF/FTC to RPV/TAF/FTC
between January 2019 and December 2023 were included. No
other changes in cART regimens were allowed during the study
period. Patients with available information regarding BMI,
serum HIV RNA level, CD4" cell counts, serum lipid levels, and
variables of metabolic syndrome at least every 6 months before
and after the change in cART were enrolled. Patients who
received RPV/TDF/FTC less than 1 year before changing cART
or those missing the abovementioned records were excluded.
The index date was set as 1 year before changing the cART. The
study population was followed up for 3 years after the change in
cART. This study was approved by the Institutional Review
Board of Taipei Veterans General Hospital, and written in-
formed consent was obtained from all participants.

2.2 | Variables and Definitions

Information from the medical records of enrolled patients was
reviewed by specialists in infectious diseases. The acquired
variables were as follows: age at changing cART, sex, under-
lying condition, HIV transmission route, duration of HIV
infection, serum HIV RNA level, CD4" cell counts, BMI, serum
lipid levels, and records of metabolic syndrome. Serum HIV
RNA levels were checked using cobas HIV-1 (Roche Diag-
nostics, Mannheim, Germany), and all undetectable HIV RNA
levels (<20 copies/mL) were set to 19 copies/mL for data
consistency. The abovementioned data was measured over
6-month intervals (with a window period of +14 days). Meta-
bolic syndrome was defined as any three of the following fac-
tors: (1) elevated waist circumference (>90cm in males and
>80cm in females among Asians), (2) elevated triglycerides
>150mg/dL or any medicine for elevated triglycerides,
(3) reduced high-density lipoprotein cholesterol (HDL-C,
<40 mg/dL in male and < 50 mg/dL in female), or any medi-
cine for reduced HDL-C; (4) elevated blood pressure (systolic
>130 and/or diastolic > 85 mmHg) or anti-hypertensive drug
use, and (5) elevated fasting glucose > 100 mg/dL or any med-
icine for hyperglycemia [3].

The metabolic outcomes of the study population were assessed
1 year before and 1, 2, and 3 years after changing from RPV/
TDF/FTC to RPV/TAF/FTC. The primary outcome was meta-
bolic syndrome prevalence. Longitudinal changes in serum lipid
levels, body weight and BMI were evaluated. Finally, risk fac-
tors for metabolic syndrome were investigated.

2.3 | Statistical Analysis

The variables of metabolism were analyzed using x> or Fisher's
exact tests for categorical data and the Student's - or Mann-
Whitney U test for continuous data. Data before and after
changing cART were compared using Cochran's Q test and one-
way analysis of variance (ANOVA). Two-tailed tests were used
to determine statistical significance, and a value of p < 0.05 was
considered significant. To identify the independent risk factors
for metabolic syndrome after changing cART, logistic regression
with univariate and multivariate analyses was utilized for the
criteria of metabolic syndrome and other variables. All biolog-
ically plausible variables with values of p <0.20 in the uni-
variate testing were entered into the model. All statistical
analyses were performed using SPSS software version 20 (SPSS
INC, Chicago, IL, USA).

3 | Results

A total of 182 patients who changed cART from RPV/TDF/FTC
to RPV/TAF/FTC were enrolled in our study. The mean age
was 43.1 years, and 174 (95.6%) were male of whom 165 (94.8%)
were transmitted by HIV through men who have sex with men
(Table 1). The mean duration of HIV infection was 10.4 years
(interquartile range 6-14 years). There were almost all of the
study population receiving the change in cART under mean
plasma HIV viral load below 50 copies/mL (173/182, 95.1%) and
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TABLE 1 | Baseline clinical characteristics of PLWH at the change
of cART from rilpivirine/tenofovir disoproxil fumarate/emtricitabine to
rilpivirine/tenofovir alafenamide/emtricitabine.

Number of

Baseline characteristics patients (%)
Total patients 182 (100.0)
Age (years), median (IQR) 42 (35-49)
Male 174 (95.6)
Underlying conditions

Diabetes mellitus 17 (9.3)

Dyslipidemia 111 (70.0)

Hypertension 82 (45.1)
HIV transmission route

Men who have sex with men 165 (90.7)

Intravenous drug use 7 (3.8)

Heterosexual 10 (5.5)
Duration of HIV infection (years) 10 (6-14)
Serum HIV RNA levels (copies/ 19 (19-22)

mL), median (IQR)

CD4™ cell counts (cells/uL),
median (IQR)

607 (495-802)

Abbreviations: cART (combined antiretroviral therapy); HIV (human
immunodeficiency virus); IQR (interquartile range); PLWH (people living
with HIV).

mean CD4" cell count above 200 cells/uL (181/182, 99.5%). The
most common underlying metabolic condition was dyslipide-
mia (111/182, 70.0%) at baseline.

The changes in metabolic profiles and associated medicines
among 182 patients from 1 year before to 3 years after changing
cART are shown in Table 2. The prevalence of dyslipidemia,
including total cholesterol > 200 mg/dL, LDL-C > 130 mg/dL,
HDL-C <40 mg/dL in male or 50 mg/dL in female, and trigly-
cerides >150mg/dL, were significantly increased during the
study period (p <0.001), but the ratios of total cholesterol to
HDL-C were not significantly different (p =0.612). Of the
criteria of metabolic syndrome, only the prevalence of fasting
blood sugar >100mg/dL was not statistically different
(p =0.554). The median body weight had been increased from
68 kg of 1 year before to 71.1 kg of 3 years after changing cART
(p <0.001), and the proportion of patients with BMI > 23 had
also been increased from 59.9% to 70.3% (p <0.001). The
number of patients who fulfilled the metabolic syndrome
criteria increased from 28.0% 1 year before to 40.7% 3 years after
changing cART (p <0.001). Despite a significant increase in
almost all metabolic profiles during the study period, there were
no statistically significant differences in lipid levels, BMI, and
hypertension after the first year of changing cART. Although
the use of drugs for hypertension, diabetes, and dyslipidemia
increased 1 year before and 3 years after changing cART, there
was no significant increase during the first year after changing
CART (p =1.000).

We analyzed the influence of metabolic syndrome criteria
1 year before changing cART on the development of metabolic

syndrome in the third year. In the multivariate logistic
regression model, triglycerides > 150 mg/dL (OR 4.18; 95% CI
1.76-9.94; p =0.001), HDL-C < 40 mg/dL in male or 50 mg/dL
in female (OR 2.84; 95% CI 1.38-5.86; p =0.005) and preva-
lence of hypertension (OR 2.96; 95% CI 1.42-6.17; p = 0.004)
were independent predictors. Table 3 demonstrates that dif-
ferent proportions of criteria among PLWH fulfilled the
diagnosis of metabolic syndrome before and after changing
cART. Among patients with metabolic syndrome, a noticeable
increase in the criteria of waist circumference occurred from
27.5% to 71.6% during the study period, while there was no
increase in the criteria for HDL-C from 80.4% to 77.0%. There
was a high prevalence of hypertension and fasting blood sugar
> 100 mg/dL, but the uses of the drug were only increased
from 23.5% to 24.3% for hypertension and from 15.7% to 16.2%
for hyperglycemia.

Logistic regression analysis was used to further compare the
influence of factors other than metabolic syndrome criteria
before changing cART on the diagnosis of metabolic syndrome
in the third year, which was shown as Table 4. Patients with
older age (p=0.007), longer duration of HIV infection
(p =0.008), and higher BMI before switch (p <0.001) had a
higher risk of metabolic syndrome in the univariate analysis. In
the multivariate analysis, higher BMI was the only independent
predictor (OR 1.36; 95% CI 1.19-1.55; p < 0.001). Total choles-
terol >200 mg/dL and LDL-C > 130 mg/dL had no significant
effects on the development of metabolic syndrome.

4 | Discussion

Most PLWH can suppress HIV viremia and recover their serum
CD4* cell counts under cART currently. Aging is an issue of
growing concern among PLWH in the current era, and the
negative metabolic consequences of cART are worth investi-
gating. Our study indicated that the prevalence of metabolic
syndrome among PLWH increased within 3 years after chang-
ing cART from RPV/TDF/FTC to RPV/TAF/FTC, and that BMI
before changing cART was an independent predictor of meta-
bolic syndrome in the third year. However, the prevalence of
metabolic syndrome and BMI did not significantly increase
during the second and third years after changing cART.

Previous studies have reported that an increase in serum lipid
levels in PLWH who switched from TDF to TAF [10-12, 17-20].
A study in Italy demonstrated a significant increase in total
cholesterol, HDL-C, LDL-C, and triglycerides after a median
follow-up of 12 weeks (range, 8-24 weeks) from RPV/TDF/FTC
to RPV/TAF/FTC [11]. Studies from the USA conducted by
Schafer et al. [19] and Hagins et al. [18] showed similar results in
1 and 2 years after changing from TDF to TAF, respectively.
Another study from Spain also reported higher levels of all serum
lipid levels 3 years after changing from TDF to TAF [10]. Mallon
et al. further described that there was a significant increase in
LDL-C initially after the change from TDF to TAF, which then
plateaued after 9 months [12]. Nevertheless, the replacement of
TDF with TAF remains the main trend in the current cART. A
more recent study showed similar results, but there was no sig-
nificant weight change after switching from TAF-based regimens
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TABLE 2 | Metabolic profiles and the use of drugs before and after changing cART from rilpivirine/tenofovir disoproxil fumarate/emtricitabine
to rilpivirine/tenofovir alafenamide/emtricitabine.

1 year before

1 year after

2 years after

3 years after

changing cART changing cART changing cART changing cCART  p value
Lipid profiles
Total cholesterol 19 (10.4%) 45 (24.7%) 59 (32.4%) 65 (35.7%) <0.001
> 200 mg/dL
LDL-C > 130 mg/dL 28 (15.4%) 50 (27.5%) 57 (31.3%) 61 (33.5%) <0.001
HDL-C < 40 or 50 mg/dL 86 (47.3%) 59 (32.4%) 51 (28.0%) 70 (38.5%) <0.001
Triglyceride > 150 mg/dL 43 (23.6%) 71 (39.0%) 60 (33.0%) 69 (37.9%) <0.001
Total cholesterol-HDL-C 4.1 (3.3-4.8) 3.9 (3.2-4.8) 4.0 (3.3-4.8) 4.1 (3.3-5.0) 0.612
ratio
Waist circumference 27 (14.8%) 56 (30.8%) 74 (40.7%) 80 (44.0%) <0.001
>90 cm in male or 80 cm in
female
Hypertension 82 (45.1%) 103 (56.6%) 112 (61.5%) 108 (59.3%) <0.001
Fasting blood sugar 66 (36.3%) 65 (35.7%) 72 (39.6%) 72 (40.0%) 0.554
> 100 mg/dL
Body weight (kg) 68 (61-77) 70.5 (63-78.3) 71.5 (64-80) 71.1 (63.2-80.2) <0.001
Body mass index > 23 109 (59.9%) 121 (66.5%) 128 (70.3%) 128 (70.3%) <0.001
Drug for hypertension 15 (8.2%) 16 (8.8%) 20 (11.0%) 25 (13.7%) <0.001
Drug for diabetes mellitus 10 (5.5%) 10 (5.5%) 12 (6.6%) 16 (8.8%) 0.008
Drug for dyslipidemia 5 (2.7%) 9 (4.9%) 15 (8.2%) 26 (14.3%) <0.001
Metabolic syndrome 51 (28.0%) 67 (36.8%) 73 (40.1%) 74 (40.7%) <0.001

Abbreviations: cART (combined antiretroviral therapy); HDL-C (high-density lipoprotein cholesterol); LDL-C (low-density lipoprotein cholesterol).

to dolutegravir/lamivudine or long-acting cabotegravir/RPV, and
no significant improvement in the lipid profile after switching
from TAF-based regimens to long-acting cabotegravir/RPV [21].
These metabolic effects of switching are mostly attributed to the
loss of the beneficial effects of TDF rather than the adverse effects
of TAF. The abovementioned literature comes from Western
countries, and information from Asia regarding the changes in
the lipid profile with cART changing from TDF to TAF is limited
[20]. In our study, the increase in lipid profiles was consistent
with previous studies, and we further indicated that the increase
in serum lipid levels was only significant in the first year after
changing from RPV/TDF/FTC to RPV/TAF/FTC, and the
increase progressive slowed during the second and third years.

Similar to the trend of increased serum lipid levels observed in
our study, the prevalence of hypertension significantly increased
in the first year after changing from RPV/TDF/FTC to RPV/TAF/
FTC. However, the prescription of medication for dyslipidemia
had significantly increased since the second year (p = 0.025), and
that for hypertension had increased since the third year
(p <0.001). As there was a potential time lag between the cART
switch, metabolic change, and observation of this change by the
clinician, the delay of prescription for comorbidities could occur.
This could explain that drugs for comorbidities were not added
during the first year. A recent retrospective study indicated that
pre-exposure prophylaxis for HIV infection with TAF use was
associated with a higher risk of incident hypertension (OR 1.64;
95% CI 1.05-2.56) and statin initiation (OR 2.33; 95% CI
1.41-3.85), and larger risk difference of statin initiation was

shown among individuals aged > 40 years [22]. Kwarisiima et al.
reported better hypertension control from 15% to 46% after an
intervention in an integrated chronic disease clinic [23]. Rethy
et al. raised concerns about inappropriate anti-hypertensive
agents use among PLWH, which resulted in an increased risk
of cardiovascular diseases [24]. These findings remind clinical
physicians to closely monitor and prescribe medicines for devel-
oping hypertension and dyslipidemia, especially when changing
from TDF to TAF in cART.

The prevalence of metabolic syndrome among PLWH varies
regionally and has been reported to change from 24%-27%
during 2000-2009 [25-28] to 23.6%-34% during 2013-2017
[29, 30]. A more recent study published in 2023 from Africa
showed 30.7% PLWH fulfilled the criteria of metabolic syn-
drome [31]. The literature on metabolic syndrome in PLWH
mostly comprises cross-sectional studies. Our study showed the
longitudinally increased trend of metabolic syndrome (from
28.0% to 40.7%) after changing from RPV/TDF/FTC to RPV/
TAF/FTC, especially during the period of initial 2 years. The
most significant factor was an increase in waist circumference,
from 27.5% to 71.6%, during the study period. Previous studies
described that BMI was significantly associated with metabolic
syndrome [25, 32]. We further indicated that BMI was the only
independent predictor of metabolic syndrome after changing
from RPV/TDF/FTC to RPV/TAF/FTC.

The present study has several limitations. First, clinical data
were collected from a single tertiary hospital and patients in
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TABLE 3 | Different proportions of criteria among PLWH fulfilled
the diagnosis of metabolic syndrome before and after changing cART
from rilpivirine/tenofovir disoproxil fumarate/emtricitabine to rilpi-
virine/tenofovir alafenamide/emtricitabine.

1 year 1 year 2 years 3 years
before after after after
changing changing changing changing
CART CART CART CART
n=>51 n==67 n="73 n="74
Waist circumference > 90 cm in males or 80 cm in females
14 (27.5%) 42 (62.7%) 57 (78.1%) 53 (71.6%)
Triglyceride > 150 mg/dL
31 (60.8%) 51 (76.1%) 47 (64.4%) 51 (68.9%)
HDL-C < 40 mg/dL in males or 50 mg/dL in females
41 (80.4%) 43 (64.2%) 42 (57.5%) 57 (77.0%)
Hypertension
44 (86.3%) 59 (88.1%) 66 (90.4%) 67 (90.5%)
Fasting blood sugar > 100 mg/dL
38 (74.5%) 46 (68.7%) 51 (69.9%) 53 (71.6%)
Drug for hypertension
12 (23.5%) 11 (16.4%) 13 (17.8%) 18 (24.3%)
Drug for diabetes mellitus
8 (15.7%) 6 (9.0%) 7 (9.6%) 12 (16.2%)
Drug for dyslipidemia
5 (9.8%) 7 (10.4%) 6 (8.2%) 17 (23.0%)

Abbreviations: cART (combined antiretroviral therapy); HDL-C (high-density
lipoprotein cholesterol); PLWH (people living with human immunodeficiency
virus).

whom cART was switched from RPV/TDF/FTC to RPV/TAF/
FTC were limited. A relatively small number of patients were
included in this study. Second, 95.6% of the participants were
male, and our findings may not be generalizable to female.
Since females were reported as one of the etiologies of greater
weight gain when switching from TDF to TAF [10], and females
had more than double the odds of having metabolic syndrome
than males [29], our results might underestimate the prevalence
of poor metabolic outcomes in female patients. Based on
information from the Taiwan Centers for Disease Control in
December 2022, males comprised 94.9% of patients with HIV
infection in Taiwan, which is similar to the findings of our
study. Third, some pre-existing risk factors for metabolic syn-
drome, such as smoking, alcohol consumption, high-fat diet,
stressful and sedentary lifestyles, and family history of diabetes
mellitus, before the change of cART were not collected in this
study. Fourth, we lacked a control group, including PLWH who
did not switch cART, to evaluate the influence of time change
on our results. Lastly, the time of blood collection for bio-
chemical analysis was not controlled. In our hospital, PLWH
undergo regular blood tests every 6 months to monitor their
lipid profiles, and they receive thorough education about the
importance of fasting before the examination. Fasting status
was rechecked by a medical technologist at the blood draw
counter to avoid any influence of meals on serum lipid results.
Despite these limitations, this longitudinal retrospective cohort

Influence of baseline factors other than metabolic syndrome criteria on developing metabolic syndrome in the third year after changing cART from rilpivirine/tenofovir disoproxil fumarate/

TABLE 4

emtricitabine to rilpivirine/tenofovir alafenamide/emtricitabine.

Multivariate analysis

0Odds Ratio(95% CI)

Univariate analysis

Non-metabolic syndrome

Metabolic syndrome

p value

No. (%) p value

39 (33-48)

No. (%)
45 (39-52)

Characteristics

0.403

1.017 (0.978-1.057)
0.692 (0.123-3.903)

0.007

Age (years), median (IQR)

Male

0.677

0.198
0.279

105 (97.2)
100 (92.6)
8.5 (6-12.75)
19 (19-21.75)
603 (463.75-764.5)

69 (93.2)
65 (87.8)
12 (6-16.25)
19 (19-22.5)
611.5 (537-820.75)

Men who have sex with men

0.105

1.055 (0.989-1.125)

0.008

Duration of HIV infection (years)

0.240
0.181

Serum HIV RNA levels (copies/mL), median (IQR)

CD4* cell counts (cells/uL), median (IQR)

0.863

1.000 (0.999-1.002)

0.262

9 (8.3)
13 (46.4)
22.76 20.86-24.60)

10 (13.5)
15 (20.3)
25.27 (23.11-27.03)

g/dL

LDL-C > 130 mg/dL

Total cholesterol >200 m
Body mass index

0.463

1.390 (0.576-3.355)

0.130
<0.001

<0.001

1.357 (1.192-1.546)

Abbreviations: cART (combined antiretroviral therapy); HIV (human immunodeficiency virus); IQR (interquartile range); LDL-C (low-density lipoprotein cholesterol).
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study represents serial changes in serum lipid levels, body
weight, and metabolic syndrome during the switch from RPV/
TDF/FTC to RPV/TAF/FTC. We believe that the findings of our
study may provide useful information regarding PLWH ex-
periencing gradual aging in the current era.

In conclusion, we found a gradually higher prevalence of meta-
bolic syndrome among PLWH with cART switched from RPV/
TDF/FTC to RPV/TAF/FTC, which plateauing beyond 2 years.
The BMI before changing cART was an independent predictor of
metabolic syndrome. In addition, there were fewer prescriptions
of medication for dyslipidemia and hypertension. Physicians
should closely monitor the values of metabolic profiles among
PLWH under cART, especially when changing from TDF to TAF.
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