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ABSTRACT

While human immunodeficiency virus (HIV)-associated wasting has declined with
significant advances in antiretroviral therapy (ART), weight gain and metabolic syndrome
(MetS) are now becoming a problem for people living with HIV (PLWH) worldwide. The
development of a new and more effective ART regimen has increased viral suppression

and improved immunologic function recovery, leading to the extension of the lifespan of
PLWH. It has recently been reported as one of the significant factors associated with weight
gain, obesity, and long-term metabolic consequences in PLWH. This article reviewed the
epidemiology of overweight and MetS among PLWH and the known risk factors for weight
gain and its major comorbidities, such as dyslipidemia, diabetes mellitus, cardiovascular
diseases, neurocognitive disorders, and liver diseases, in PLWH. In addition, reports on the
pharmacological and surgical management of overweight and obesity in PLWH has been
briefly summarized.
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INTRODUCTION

Initiation of antiretroviral therapy (ART) often leads to weight gain. Although some of this
weight gain is thought to be appropriate and considered part of the normal return to health
following the successful suppression of human immunodeficiency virus (HIV), excessive
weight gain may lead to obesity and other negative metabolic consequences [1]. Metabolic
syndrome (MetS) is a cluster of symptoms that are risk factors for cardiovascular diseases
(CVDs) and type 2 diabetes mellitus, primarily including abdominal obesity, atherogenic
dyslipidemia, hypertension, hyperglycemia, insulin resistance, a proinflammatory state,
and a prothrombotic state [2, 3]. The presence of any three of the following five risk factors
indicates MetS: (1) elevated waist circumference by population- or country-specific definition
(290 cm in men and 285 cm in women in Korea) [4]; (2) elevated triglycerides 2150 mg/dL
or pharmacological treatment of elevated triglycerides; (3) reduced high-density lipoprotein
cholesterol (HDL-C, <40 mg/dL in men and <50 mg/dL in women), or pharmacological
treatment of reduced HDL-C; (4) elevated blood pressure (systolic 2130 and/or diastolic >85
mmHg) or antihypertensive treatment in a patient with a history of hypertension; and (5)
elevated fasting glucose 100 mg/dL or pharmacological treatment of hyperglycemia [3].
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The global prevalence of this MetS among people living with HIV (PLWH) is 16.7 - 31.3%
according to a meta-analysis, possibly reflecting the extended lifespan of PLWH [5].
Understanding the burden of MetS and obesity to improve quality of life in PLWH is
important. However, the lack of a single definition for MetS and the complex relationship
between its risk factors has been a great barrier and source of complication in studies
comparing MetS in PLWH versus the general population [3, 6].

Weight gain and obesity are important causal factors of MetS in the general population. Obesity
in PLWH results in increased inflammation, increased ectopic lipid disposition, and alterations
in lipid and glucose metabolism, contributing to the development of diabetes mellitus,
neurocognitive impairments, hepatic diseases, and CVDs [7]. With the introduction of highly
active ART (HAART), the lifespan of PLWH has increased dramatically, and the proportion

of overweight and obese PLWH have been reported to also increase [8-10]. This insidiously
progressing long-term metabolic complication could become a new challenge in our clinics and
perhaps has received less attention than other acute complications of HAART or HIV infection.

This article reviewed the current epidemiology of overweight, obesity, and dyslipidemia as
MetS among PLWH and risk factors for weight gain and its major comorbidities associated
with obesity in PLWH. The Korean Society for the Study of Obesity (KSSO) defines
overweight and obesity as a body mass index (BMI) of 23.0 — 24.9 and >25 kg/m?, respectively
[4]. However, studies from other countries often define overweight and obesity as BMI 25.0
—29.9 and >30 kg/m?, respectively. Therefore, this review also described each study according
to the definition of each one. In addition, a brief review of reports on the pharmacological
and surgical management of overweight and obesity in PLWH is described.

PREVALENCE OF OVERWEIGHT, OBESITY, AND METS IN
PLWH

There have been several recent reports of an increasing proportion of overweight and obesity
among PLWH globally [8-16]. Among these, one study reported trends in BMI change and
weight gain with ART among PLWH in the United States and Canada [10]. This cohort

study compared 14,084 PLWH from 17 cohorts with controls matched by sex, race, and

age between 1998 and 2010. After 3 years of ART, obesity (BMI 230 kg/m?) increased from
9.0% (at baseline) to 18%, whereas 22% of individuals with a normal BMI (18.5 — 24.9 kg/
m?) at baseline became overweight (BMI 25.0 —29.9 kg/m?), and 18% of those overweight

at baseline became obese. Similarly, other studies have confirmed the high prevalence of
overweight, obesity, and weight gain during ART [8, 9, 1116].

Women with HIV type 1 (HIV-1) experience a significantly greater increase in BMI following
ART initiation than men [10, 17]. Pooled BMI data from three randomized clinical trials of
ART initiation in PLWH in the United States compared 760 women and 3,041 men to test
whether BMI changes in the first 96 weeks following ART initiation differed by sex. After 96
weeks, adjusting for pre-ART initiation age, CD4" T cell count, HIV-1 viral load, race/ethnicity,
study, and ART regimen, the mean BMI change for women was 0.59 kg/m? (95% confidential
interval [CI]: 0.37 — 0.81) more than that for men (P <0.001). Sex was associated with pre-
ART CD4* T cell counts and HIV-1 viral load, suggesting that for subgroups with higher viral
loads and lower CD4" T cell counts at baseline, the estimated BMI changes in women are
larger than the average estimated difference [17].
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Interestingly, Phalane et al. reported that the prevalence of MetS in sub-Saharan Africa

was lower in PLWH than in the HIV-negative control group (28.1% vs. 43.9%, P=0.013)

[18]. In contrast, a Polish study reported that the prevalence of MetS (22.2%) in PLWH was
higher than in the general population [19]. Data from 1,861 in-care PLWH in four southern
United States from the 2013 — 2014 Medical Monitoring Project survey showed overall MetS
prevalence was 33.5%, and women were 2.24 times more likely to have MetS than men (95%
CI: 1.69 — 2.97) [20]. This study showed that age and female sex were significant predictors of
MetS and emphasized the importance of regular screening for MetS risk factors among aging
PLWH during clinical follow-up [20].

To date, there have been few studies on weight and MetS in Korean PLWH. The report on
obesity among Korean PLWH was a cross-sectional study investigating the prevalence of and
risk factors for metabolic abnormalities, not MetS, by definition [21]. Among 1,091 HIV-
infected patients in the Korea HIV/acquired immune deficiency syndrome (AIDS) cohort
study enrolled across 19 hospitals between 2006 and 2013, the prevalence of obesity (BMI
225 kg/m?) was reported as high as 16.4% (140/856), and there was no difference between
treatment-naive and treatment-experienced patients (17.6% vs. 15.6%, P=0.452). This study
also reported that 5.5% of the patients had abdominal obesity, and increased levels of fasting
glucose, total cholesterol, LDL-C, and triglycerides were present in 10.4%, 6.0%, 5.5%, and
32.1% of PLWH. Decreased HDL-C levels were observed in 44.2% of the patients, and high
systolic blood pressure in 14.3% of PLWH [21].

A recent Asia-Pacific regional cohort study enrolling 4,931 PLWH from the Therapeutics
Research, Education, and AIDS Training in Asia HIV Observational Database (TAHOD)
cohort reported that at ART initiation, the median weight was 55 (interquartile range [IQR]:
48 - 63) kg and BMI was 20.5 kg/m?* (IQR: 18.4 —22.9). At 1, 2, and 3 years of ART, the overall
mean weight gain was 2.2, 3.0, and 3.7 kg, respectively. Weight gain after ART initiation was
significantly higher among those initiating ART with a lower CD4" T cell count, higher HIV
RNA, and an integrase strand transfer inhibitor (INSTI)-based regimen after controlling for
baseline BMI. This study also reported that 295/3,503 had incident MetS [1.18 (95% CI: 1.05 —
1.32)/100 person-years], and greater weight gain over 3 years of ART was associated with the
development of MetS components such as hypertension, impaired glucose, and dyslipidemia,
irrespective of baseline BMI levels [15].

DYSLIPIDEMIA AND ART

Dyslipidemia is characterized by one or more of the following: increased triglyceride (=150
mg/dL), total cholesterol (2200 mg/dL), LDL-C levels (2130 mg/dL), and/or decreased HDL-C
levels (<40 mg/dL). Before the introduction of HAART, Grunfeld et al. reported that patients
with HIV infection showed decreased total cholesterol and HDL-C levels, but patients with
AIDS had elevated plasma triglyceride and free fatty acid levels [22]. HIV is associated with
chronic inflammation and immune activation, leading to decreased levels of total cholesterol
and HDL-C and increased levels of LDL-C and triglycerides [23, 24]. Dyslipidemia has been
suggested to be associated with age, sex, genetic factors, and lifestyle, including diet [25].

A comprehensive review of lipid levels as a risk factor for CVDs in PLWH in Asian regions

(including Korea) reported that dyslipidemia was less prevalent in patients who first
presented with HIV compared with in HIV-negative controls. In addition, total cholesterol
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levels were on average lower in HIV-positive patients, whereas findings were inconsistent
regarding triglyceride levels [26]. This review also showed that ART had an unfavorable effect
on blood lipid levels in Asian PLWH [20].

HIV infection and HAART are associated with abnormalities in lipid metabolism [27]. ART
regimens containing tenofovir disproxil fumarate (TDF) are associated with lower lipid levels
than those containing didanosine, zidovudine, stavudine, or abacavir [28, 29]. Recently, TDF
was replaced with tenofovir alafenamide (TAF) because of the renal and bone toxicity of TDF,
resulting in a significant increase in triglyceride, total cholesterol, LDL-C, and HDL-C levels
[30, 31]. A prospective study investigating the incidence of dyslipidemia in PLWH reported
that older non-nucleoside reverse transcriptase inhibitors (NNRTIs), such as efavirenz and
ritonavir-boosted protease inhibitors (PIs) containing ARTs, were associated with a greater
risk of dyslipidemia than newer agents from the same class of ART. In addition, dyslipidemia
was less common with INSTIs than with boosted PIs [32]. This report also found that,
compared with dolutegravir, dyslipidemia was more common with elvitegravir/cobicistat and
raltegravir but less common with rilpivirine. [32]. Raltegravir, dolutegravir, and bictegravir
had superior lipid profiles than boosted PI, efavirenz, and elvitegravir/cobicistat, in studies
conducted on naive participants, and are associated with a clinically significant decrease in
lipoproteins by switching studies [33].

WEIGHT GAIN AND ART

In the 1990s, lower lean and fat mass were observed in ART-naive PLWH than in people
without HIV before the onset of severe CD4" T cell depletion [1, 34, 35]. During the first

year of ART in PLWH, weight gain was universally reported, regardless of the type of the
regimen [36-38]. Some older antiretroviral agents, such as nucleoside and nucleotide reverse
transcriptase inhibitors (NRTIs) and PIs, redistributed fat from the subcutaneous tissue on
the face and extremities to excess adipose tissue on the abdomen, known as lipodystrophy
[39]. After the avoidance of older ARTs, especially thymidine analogue NRTIs (zidovudine
and stavudine) and indinavir, the incidence of lipodystrophy among PLWH has dramatically
declined [1]. However, HAART containing INSTIs plus TAF has been reported to be
associated with greater weight gain than other regimens [40-43]. Weight gain was greater in
more recent trials and with the use of newer ART regimens. Through the pooled analysis of
eight randomized controlled clinical trials of treatment-naive PLWH initiating ART between
2003 and 2015, comprising >5,000 participants and 10,000 person-years of follow-up, weight
gain after initiation of HAART could be due to partial return to a healthy condition with the
restoration of lean body mass, but some composition of ART was found to contribute to
greater weight gain with demographic factors and HIV-related factors [43]. INSTI use was
associated with greater weight gain than PIs or NNRTIs, with dolutegravir and bictegravir
associated with more weight gain than elvitegravir/cobicistat. Among the NNRTIs, rilpivirine
was associated with greater weight gain than efavirenz. Among nucleoside/NRTIs, TAF is
associated with greater weight gain than TDF, abacavir, or zidovudine [43].

In the Women’s Interagency HIV Study from 2006 to 2017, 234 women living with HIV who
switched to, or were added an INSTI to ART (SWAD group), were compared with 884 women
on non-INSTI ART (STAY group). On average, compared with the STAY group, the SWAD
group experienced mean greater increases of 2.1 kg in weight and 0.8 kg/m? in BMI, and
these changes were all significant [40]. The randomized multicenter trial with 613 PLWH
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in Cameroon compared weight gain between dolutegravir/lamivudine/TDF and efavirenz/
lamivudine/TDF regimen groups and reported a greater weight gain (median weight gain, 5.0
vs. 3.0 kg, P <0.001) and higher incidence of obesity (22% vs. 16%, P = 0.043) in dolutegravir/
lamivudine/TDF treatment [41].

A Swiss cohort study conducted between 2016 and 2019 showed that TAF affected weight.
A total of 4,375 PLWH who received TDF-containing ART for >6 months were enrolled, and
3,484 (79.6%) switched to TAF while 891 (20.4%) continued TDF. After 18 months, switching
to TAF was associated with an adjusted mean weight increase of 1.7 kg (95% CI: 1.5 - 2.0),
compared with 0.7 kg (95% CI: 0.4 —1.0) with the continued use of TDF (between-group
difference, 1.1 kg [95% CI: 0.7 —1.4]). Among individuals with a normal BMI, 13.8% who
switched to TAF became overweight/obese compared with 8.4% of those continuing TDF
(difference, 5.4% points [95% CI: 2.1 - 8.8]). TAF-ART has become the first-line treatment
in all major HIV treatment guidelines, and new concerns remain that replacing TDF with
TAF is associated with adverse metabolic changes, including weight increase and obesity
development [44].

The 96-week data from the 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) trial, including 1,053 PLWH,
identified that mean weight gain was highest (7.1 kg) in the TAF/emtricitabine/dolutegravir
group, followed by 4.3 kg in the TDF/emtricitabine/dolutegravir group and 2.3 kg in the
TDF/emtricitabine/efavirenz group, and was greater among women than among men [42].
Differences in weight gain were significant between each regimen, possibly due to the
additive effects of dolutegravir and TAF on weight gain [42, 45].

There are few reports on the effects of ART on weight gain in Asian PLWH [46, 47]. A
Japanese retrospective observational study evaluated ART-associated weight gain in

adult treatment-naive Asian PLWH for 5 years following treatment initiation [47]. Five

years after treatment initiation, the average weight gain among PLWH who were started

on dolutegravir-, darunavir-, and elvitegravir-based treatment was 5.3, 4.1, and 4.6 kg,
respectively, whereas those started on raltegravir-, lopinavir-, and atazanavir-based
treatment gained an average of 1.9, 2.1, and 2.3 kg, respectively. Average weight gain in
PLWH who started treatment with the backbone drugs, TAF, abacavir, and TDF, was 4.1, 3.0,
and 3.0 kg, respectively, and those treated with dolutegravir plus TAF/emtricitabine gained
an average of 6.7 kg [47]. The regimen, including DTG and TAF, was associated with the
greatest weight gain, similar to previous reports. Kuo et al. reported weight gain among 693
PLWH in Taiwan, who had good viral suppression, up to 48 weeks after switching from a PI-
or NNRTI-based regimen to TAF/emtricitabine/elvitegravir/cobicistat [46]. Significant weight
gain occurred after switching from non-INSTI-based ART to co-formulated elvitegravir/
cobicistat/emtricitabine/TAF and was associated with dyslipidemia and an increase in
hemoglobin Alc levels [46].

Few studies have examined the relationship between ART and weight gain in Korean HIV
patients. The longitudinal analysis study of PLWH enrolled in TAHOD cohort including 20
Korean HIV patients showed that Asian PLWH starting with INSTI-based ART had greater
weight gain than those with NNRTI (difference = 2.1 kg; 95% CI: 0.7 — 3.5), weight gain
after ART initiation was significantly higher among those initiating ART and INSTI-based
regimens after controlling for baseline BMI [15].
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Several factors have been found to be associated with weight gain during ART. Several studies
reported sex differences in weight gain associated with ART: women have been consistently
found to experience greater weight gain [41-44]. The New Antiretroviral and Monitoring
Strategies in HIV-infected Adults in Low-Income Countries (NAMSAL) trial showed that
women and those with high viral loads (100,000 copies/mL) at baseline were at higher risk of
weight gain (by at least 10.0% from baseline) following dolutegravir-based treatment initiation
[41]. Similarly, the ADVANCE trial showed that women gained more weight than men in all
treatment regimens [42]. Recently, Mulenga et al. presented 144-week data from the VISEND
(Virological Impact of Switching from Efavirenz and Nevirapine based first line ART Regimens
to Dolutegravir) study in Zambia, an open-label non-inferiority study that compared second-
line dolutegravir- and boosted PI-based regimens with TDF/lamivudine or TAF/emtricitabine
vs. zidovudine/lamivudine as the backbone [48]. Consistent with other trials, weight gain was
more likely in the TAF arms, particularly among women. As weight gain was more pronounced
in the TAF group, especially in women, therapy should be individualized considering the risk
of obesity and other comorbidities. Sax et al. also reported that baseline demographic factors
associated with weight gain included a lower CD4 cell count, higher HIV-1 RNA titer, no
injection drug use, female sex, and black race [43]. A baseline CD4" T cell count of <50 cell/mm?
was also observed as a factor associated with a greater increase in BMI from a previous report
[9]. Some studies showed racial differences in INSTI-related weight gain; black or African
PLWH were more likely to gain weight on ART [43, 44]. Therefore, updated DHHS guidelines
recommend that clinicians consider the possibility of weight gain in women, particularly black
women, when initiating or changing ART regimens [49].

Weight gain after ART initiation, higher HIV-1 RNA titer and lower CD4" T cell count at
baseline were the factors associated with increased weight gain during ART [41]. Sax et al.
hypothesized that PLWH taking a newer ART regimen have a lower possibility of adverse
gastrointestinal effects than those taking older ART, which might result in greater weight
gain among PLWH taking newer ART [43]. The mechanism of this weight gain associated
with specific ART is incompletely understood but adipose tissue dysregulation or dysfunction
may be associated with INSTI-related weight gain [50, 51]. Moreover, in vitro studies have
shown that INSTIs may affect appetite through the levels of leptin and adiponectin in adipose
tissue exposed to dolutegravir [52]. Therefore, further laboratory-based studies may be
needed to understand the mechanism of the association between adipose tissue and ART.
Moreover, long-term clinical outcome data on whether ART-associated weight gain could

be reversible by switching from INSTIs and/or TAF are needed. Although weight gain and
obesity could be potential problems for future clinical outcomes associated with newer ARTs,
current guidelines do not advise restricting the use of these ARTs, even in people who may

be more vulnerable to weight gain and the development of obesity after ART initiation. This
is because the available data continue to support the benefits of HAART in extending life
expectancy by effective and rapid suppression and control of HIV infection.

Whether ART-associated weight gain leads to the development of CVD and diabetes mellitus
remains unknown. Many studies have reported changes in the levels of lipid profiles or serum
glucose as the parameter of MetS, but long-term follow-up data are rare regarding disease
occurrences, such as diabetes mellitus and cardiovascular accidents, as a consequence of
these changes. Taramasso et al. suggested that despite increasing weight and BMI, PLWH
had a significantly improved metabolic profile compared with previously reported data

[14]. The Data Collection on Adverse Events of Anti-HIV Drugs (D:A:D) cohort did not

show a correlation between BMI change and CVD risk in overweight and obese PLWH [53]
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nor a correlation between ART-related weight gain and increased incidence of diabetes
mellitus [54]. The veterans aging cohort study included 4,184 men and 127 women from
2000 to 2008, followed up for an additional 5 years to assess mortality, and observed that
weight gain after ART was associated with lower mortality for those who were not initially
overweight [55]. The proportion of women enrolled in this study was too small (2.9% of the
whole cohort) and it was difficult to apply the findings to newer ARTs. Hence, it was possible
that the effects of weight gain on mortality, especially among women, were not examined
properly [25]. Therefore, further long-term research is needed to clarify the clinical impact of
ART-associated weight gain on the development of CVDs, diabetes mellitus, and mortality,
especially among Korean PLWH.

COMORBIDITIES ASSOCIATED WITH WEIGHT GAIN AND
OBESITY

Risk factors associated with diabetes mellitus in the general population are also common
among PLWH, including older age, high BMI, central adiposity, family history of diabetes,
and Hispanic or African American ethnicity [56-60]. Low CD4" T cell counts and treatment
regimens with older NRTTs and PIs are additional risk factors for diabetes among PLWH [58,
61]. The risk of diabetes mellitus according to weight gain among PLWH from the Veterans
Aging Cohort Study is greater than that in the general population [54]. PLWH had a lower
prevalence of diabetes mellitus at baseline (12% in PLWH wvs. 23% in those HIV-negative),
however, the association between weight gain and the risk of diabetes mellitus was linear
for PLWH and uninfected people, but the slope of the association was steeper for PLWH. For
each 5 pounds (~2.27 kg) of weight gained, PLWH were at a higher increased risk (14.0%) of
developing diabetes mellitus than HIV-negative individuals (8.0%, P <0.01) [54]. Similar to
HIV-negative people, PLWH with diabetes have a higher risk of CVD, chronic kidney disease,
and mortality than those without diabetes [60].

A study using the Korean National Health Insurance Service (NHIS) claims database
including 14,134 PLWH and 282,039 HIV-negative general population from 2004 to 2016
reported that the incidence of diabetes mellitus was higher in PLWH than in the general
population (10.4% in PLWH vs. 6.6%, P <0.001). Moreover, the incidence of diabetes mellitus
was found to be higher in PLWH than in controls at younger ages [62]. However, no robust
study has defined the relationship between the weight gain effect during ART and the
incidence of diabetes mellitus among Korean PLWH; however, further long-term follow-up
cohort studies are needed to clarify the effect of weight gain during ART on the development
of diabetes mellitus among Korean PLWH.

A recent systematic review of five databases reported that the risk of CVDs development in
PLWH was twice that of the general population, and the global burden of HIV-associated
CVDs has tripled over the past two decades [63]. Triant et al. reported that the difference
in acute myocardial infarction (AMI) rates between PLWH and non-HIV patients was
significant, with a relative risk (RR) 0of 1.75 (95% CI: 1.51 — 2.02; P <0.0001), and the RRs
(for HIV vs. non-HIV) were 2.98 (95% CI: 2.33 —3.75; P <0.0001) for women and 1.40 (95%
CI: 1.16 - 1.67; P=0.0003) for men, adjusting for age, sex, race, hypertension, diabetes,
and dyslipidemia [64]. Therefore, the authors suggested that AMI rates and cardiovascular
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risk factors increased in HIV patients compared with that in non-HIV patients, particularly
among women, and that cardiac risk modification strategies might be important for the long-
term care of PLWH [64].

However, the contribution of obesity to the development of CVD in PLWH is not well
understood. The D:A:D study reported the contribution of obesity to increase CVD risk,
showing that the RR of CVD for obese PLWH (BMI 230 kg/m?) compared with that for normal
weight PLWH (BMI of 23 — 25 kg/m?) was 1.31 (95% CI: 1.03 —1.67) [56]. However, a study
using the Korean NHIS claims database including 14,134 PLWH and 282,039 HIV-negative
general population from 2004 to 2016 reported that the incidence of CVD among PLWH

was lower than that in the general population in all age groups (1.4% vs. 3.1%, P <0.001),
while adjusted incidence ratios for CVD among PLWH are increasing [62]. Therefore, further
long-term follow-up studies are necessary to clarify the relationship between CVD and HIV
infection among Korean PLWH.

Inflammation linked to abdominal obesity has been suggested to contribute to neurocognitive
impairment (NCI) among PLWH [65-67]. A cross-sectional substudy of the CNS HIV Anti-
Retroviral Therapy Effects Research cohort showed that central obesity was associated with
higher prevalence of NCI in PLWH, whereas diabetes appeared to be associated with NCI only
in older patients [67]. Sattler et al. reported that neurocognitive function was significantly
linked to abdominal obesity, systemic inflammation (high IL-6 levels), and immune activation
in plasma (high sCD14 levels) and cerebrospinal fluid (high sCD40L), suggesting that
abdominal obesity, inflammation, and central nervous system immune activation may be
potential therapeutic targets for NCI in HIV-positive patients [65]. Yu et al. also reported that
MetS in PLWH was most strongly associated with the neurocognitive domains of learning, fine
motor skills, and executive function, and diabetes and elevated triglycerides were the MetS
components most strongly linked to increased global neurocognitive deficits in PLWH [66].

Non-alcoholic fatty liver disease (NAFLD), ranging from simple steatosis (also known as non-
alcoholic fatty liver, NAFL) to non-alcoholic steatohepatitis (NASH), fibrosis, and cirrhosis,
which may ultimately progress to hepatocellular carcinoma, is associated with metabolic
abnormalities, such as obesity, diabetes, hypertension, and dyslipidemia [68]. The prevalence
of NAFL (13 - 65%) and NASH (10%) in PLWH was reported as higher than that in the global
HIV-negative population (25% and 3 - 5%, respectively) [69-71]. One meta-analysis study
including 10 studies from the United States (n = 4), Canada (n = 1), France (n = 2), Italy (n =

1), Japan (n = 1), and China (n = 1) showed that the prevalence of NAFLD (by imaging studies),
NASH, and fibrosis (by biopsied populations) among PLWH was 35.3% (95% CI: 28.9 —42.5),
41.7% (95% CI: 22.3 — 64.0), and 21.7% (95% CI: 13.3 —33.7), respectively [72]. The risk factors
for NAFLD in PLWH were high BMI, waist circumference, type 2 diabetes, hypertension,
triglycerides, and high CD4" T cell count. However, HIV viral load, duration of HIV infection,
duration of ART, and CD4" T cell count nadir were not associated with NAFLD [72].

MANAGEMENT OF WEIGHT TO CONTROL METS

Therapeutic weight loss is an important factor in reducing the complications of obesity
in the general population. The degree of weight loss required for therapeutic benefit was
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known as 3 - 10% for preventing diabetes mellitus, 5 - 15% for hypertension, 3 - 15% for
dyslipidemia, and 10% for NAFLD [73]. Studies analyzing the effects of weight loss on MetS
parameters in PLWH showed mixed results [74, 75]. Engelson et al. reported that moderate
weight loss achieved by a short-term program of diet and exercise in obese HIV-positive
women appeared safe and induced loss of adiposity in both subcutaneous adipose tissue
and visceral adipose tissue regions [74]. Despite reduced food intake, weight, and fat loss,
as well as improvements in strength, fitness, and quality of life, the lack of improvement in
metabolic parameters suggests that additional interventions are necessary to reduce the risk
of diabetes mellitus and CVDs in this population [74]. However, Fitch et al. reported that
intensive lifestyle modification significantly improved important cardiovascular risk indices
in PLWH with MetS and suggested that lifestyle modification might be a useful strategy to
decrease cardiovascular risk in PLWH [75]. A prospective clinical trial evaluated the effect of
moderate diet-induced weight loss in obese HIV-positive women and showed that moderate
diet-induced weight loss improves multi-organ insulin sensitivity in HIV-positive women to
the same extent as in HIV-negative women [76].

Exercise and physical activity with medical nutritional therapy (for example, low-calorie
diets) are important factors in lifestyle interventions for weight loss. Behavior therapy can
be applied not only as a programmed behavior intervention for weight control but also to
change behaviors related to food intake and physical activity [4]. According to the KSSO
guidelines, pharmacological intervention is recommended when non-pharmacotherapy-
treated patients with BMI of 225 kg/m? fail to lose more than 5% weight (Fig. 1) [4]. As of
2020, four types of anti-obesity agents have been approved for long-term administration in
Korea: orlistat (Xenical®, Roche S.p.A, Milano, Italy, pancreatic and gastric lipase inhibitor),
naltrexone-bupropion (Contrave®, Orexigen Therapeutics, La Jolla, CA, USA, reuptake
inhibitor of dopamine and morepinephrine/opoid antagonist), liraglutide (Saxenda®,

Novo Nordisk, Kalundborg, Denmark, glucagon-like peptide-1 [GLP-1] agonists), and
phentermine/topiramate (Qsymia®, Alvogen Korea, Seoul, Korea, norepinephrine-relieving

BMI 23.0 - 24.9 (overweight)
Patient Measure weight, height; | ,| BMI25.0-29.9 (class I obesity) Yes Assess and treat CVD risk factors
encounter calculate BMI (kg/m?) BMI 30.0 - 34.9 (class Il obesity) BMI 295.0 and obesity-related diseases
BMI >35.0 (class Ill obesity) l
Comprehensive
lifestyle modification
Yes

Follow-up and maintenance of

Follow-up and maintenance of
comprehensive lifestyle modification |

Weight loss 5% and sufficient
improvement in health targets

I

Intensive lifestyle intervention

yes Weight loss 5% and sufficient

comprehensive lifestyle modification |

improvement in health targets

o

BMI >35.0 or >30.0
with obesity-related diseases:
consider bariatric/metabolic surgery

and pharmacotherapy

Figure 1. Treatment algorithm for the primary care of patients with obesity suggested by the 2020 Korean Society for the Study of Obesity Guidelines. (J Obes

Metab Syndr 2021;30:81-92 [4]).

BMI, body mass index; CVD, cardiovascular disease.
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agent/GABA receptor modulator) [4]. The placebo-subtracted mean weight loss at >1 year
of pharmacotherapy in the general population was approximately 9.8 kg in phentermine/
topiramate, 5.3 —5.9 kg in liraglutide, 6.6 —15.8 kg in semaglutide (GLP-1 agonist), 4.4 kg in
naltrexone/bupropion, and 3.1 kg in orlistat, but all of them have respective adverse effects
and drug-drug interactions, so prescription to patients must be individualized considering

Weight gain, metabolic syndrome, and ART

underlying medical comorbidities and concomitant medications [77].

Orlistat was recommended to avoid concomitant use with most available ART drugs, except
injectable entry inhibitors, and naltrexone/bupropion also has serious drug-drug interactions
with NNRTISs, PIs, and INSTIs [78]. Liraglutide has no clinically relevant interactions with
NRTIs, INSTIs, and entry inhibitors, but it has a drug-drug interaction with ritonavir and PIs.
Therefore, it is not contraindicated but clinical monitoring is recommended. Atazanavir and
rilpivirine should be administered 4 h before liraglutide due to the potential for inhibition

of gastric secretion, resulting in decreased concentrations of atazanavir and rilpivirine [78].
Pentermine/topiramate also has some drug interactions with antiretroviral agents, such as
ritonavir or cobicistat (moderate CYP2DG6 inhibitor) and efavirenz (CNS depression effect);
therefore, it should be administered under close clinical monitoring because of the potential
for increased concentrations of phentermine (http://www.uptodate.com. accessed April 21,
2022) [78]. Furthermore, if phentermine/topiramate is co-administered with TDF or TAF,

it is recommended to monitor for increased risk of renal toxicity, but there is no known
interaction between NNRTIs and entry inhibitors [78]. There have been no well-designed
studies to evaluate the effects of these anti-obesity agents on weight reduction in PLWH
receiving HAART globally; therefore, further long-term, large-scale prospective cohort
studies are needed to clarify the effect of anti-obesity pharmacotherapy and weight loss on
MetS in obese and overweight PLWH in the future.

In Korea, since January 2019, the national health insurance plan has covered bariatric surgery
for the treatment of patients with severe obesity (BMI >35 kg/m? or BMI >30 kg/m? plus
obesity-related comorbidities) [4]. Evidence of the efficacy of PLWH is limited because only

a small number of case series or retrospective studies of PLWH exist; however, most studies
suggest that bariatric surgery is a safe and effective method for reducing weight in morbidly
obese PLWH [79-84]. Only one study assessed the pharmacokinetics of ART regimens in HIV-
positive patients after bariatric surgery. It reported that four PLWH displayed detectable viral
load along with a significant decrease in raltegravir and atazanavir treatment, leading to ART
change with subsequent undetectable viral load, and one had persistent detectable viral load
despite ART change. Therefore, the authors suggested that ART should be monitored after
post-sleeve gastrectomy to control HIV infection [84].

CONCLUSION

Weight gain and obesity are increasing in PLWH worldwide, and the prevalence of obesity is
high in Korea (16.4% from 2006 to 2013). In particular, the newly introduced ARTs of INSTIs
and TAF, are well known to be related to weight gain during HAART. Patient characteristics,
such as female sex, are risk factors; therefore, it is necessary to consider these when
prescribing HAART to vulnerable PLWH. There have been no well-designed studies defining
the relationship between weight gain during treatment and the incidence of complications,
such as diabetes mellitus, CVDs, neurocognitive disorders, and NAFLD. Further follow-

up cohort studies are needed to clarify these long-term outcomes among Korean PLWH.
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Furthermore, large-scale, long-term follow-up studies are needed to determine whether
weight reduction in overweight or obese PLWH can reduce the morbidity of chronic MetS
and mortality.
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