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Background: Physical activity (PA) regulates intrahepatic storage
of fat and reduces the risk of liver steatosis. Given our limited
understanding of the pathogenesis of metabolic complications in
people with HIV (PWH), it remains unclear whether evidence from
the general population can be extrapolated to PWH. We investigated
the association between PA and liver steatosis in a single site of the
Swiss HIV Cohort Study.

Methods: We screened consecutive Swiss HIV Cohort Study
participants using vibration-controlled transient elastography and
defined liver steatosis as controlled attenuation parameter =248 dB/
m. PA was measured using the International PA Questionnaire. We
evaluated the association of 3 different measures of PA with liver

present in 235 (50.4%) individuals. In multivariable analysis, PA below
the recommendations of the European Association for the Study of the
Liver was associated with steatosis (adjusted odds ratio, 2.34; 95%
confidence interval [CI]: 1.44 to 3.85). Using alternative scales of PA,
including metabolic equivalents task minutes (min) per week (adjusted
odds ratio 0.76, 95% CI: 0.60 to 0.94) and sitting hours per day (aOR,
1.16; 1.07 to 1.26), yielded comparable results, and associations were
similar when we restricted the analyses to lean (BMI <25 kg/m?)
subjects.

Conclusions: Insufficient PA and prolonged sitting time were
associated with liver steatosis among PWH, independent of BMI.
Our results support the importance of promoting PA to prevent liver
steatosis in PWH.

steatosis in separate multivariable logistic regression models.

Key Words: liver steatosis, people with HIV, physical activity,
sedentary time

(J Acquir Immune Defic Syndr 2024;95:179-184)

Results: Of 466 participants, 127 (27.3%) were female, median age
was 52 years (interquartile range 43-59), and 244 (52.4%) were
overweight (body mass index [BMI] =25 kg/m?). Liver steatosis was
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INTRODUCTION

Liver steatosis is a major cause of liver disease in
people with HIV (PWH), affecting between 30% and 50% of
individuals.!? Its clinical presentation and disease course is
influenced by multiple elements, including genetics, meta-
bolic comorbidities, and environmental factors.> PWH are at
risk of developing liver steatosis because of the persistent
immune activation, exposure to hepatotoxic antiretroviral
therapy (ART) agents, and the high co-occurrence of
metabolic comorbidities.*

Physical activity (PA) plays an important role in the
pathogenesis of liver steatosis, because it strongly regulates
intrahepatic storage of fat and effectively reduces steatosis,
independent of changes in body mass.’> Several randomized
controlled trials have shown that PA exerts a protective effect on
steatosis, regardless of weight loss in the general population.®8
Because there are currently no approved pharmacologic thera-
pies, lifestyle modifications remain the cornerstone for prevent-
ing liver steatosis. The European association for the study of the
liver (EASL) recommends 150-200 minutes of moderate
intensity aerobic PA or =75 minutes vigorous PA per week.?
The World Health Organization recommends a similar PA
intensity to reduce the risk of chronic diseases.!”

Although guidelines encourage the implementation of
lifestyle changes for prevention and treatment of steatosis,
few data are available on the effect of exercise on steatosis in
PWH.!"! Considering that PWH tend to develop steatosis at
lower BMIs compared with individuals without HIV, it is
crucial to understand the effect of PA on steatosis in this
subpopulation.!?!3 We evaluated the association between PA
and liver steatosis among PWH in a single center of the Swiss
HIV Cohort Study (SHCS).

MATERIALS AND METHODS

Study Design and Population

The SHCS (www.shcs.ch) is a nationally representative
prospective cohort study including nearly 80% of PWH receiving
ART in Switzerland.'# Sociodemographic, clinical, and labora-
tory data, and changes in ART and comedications are recorded at
registration, and every 6 months thereafter. All centers’ local
ethical committees approved the study, and participants provided
written informed consent. For the present analysis, we included
participants at Bern University Hospital who underwent screen-
ing for liver steatosis by vibration-controlled transient elastog-
raphy (VCTE) between November 2019 and March 2023.
Participants with active or past viral hepatitis coinfection, defined
as having a positive hepatitis C virus antibody test or positive
hepatitis B virus surface antigen, and pregnant women were
excluded from the study.

Study Measurements

We obtained information on PA using the validated
International Physical Activity Questionnaire (IPAQ SF).!3
Participants were asked how much time (days, hours,
minutes) they had spent engaging in vigorous PA, such as
heavy lifting, aerobics or fast cycling, and moderate PA such
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as carrying light loads or cycling at a regular pace during the
7 days before their visit. They were also asked about the
amount of time (days, hours, minutes) they spent walking and
sitting on typical weekdays (hours, minutes). The IPAQ
interviews were conducted on the same day as the VCTE.

VCTE (Fibroscan 530; Echosens, Paris, France) pro-
vided results for liver stiffness measurement (LSM) and
controlled attenuation parameter (CAP). A minimum of 10
valid measurements with >60% success rate was required.'® In
overweight individuals with a skin-capsular distance
of >25 mm, we used the XL probe instead of the M probe.
Liver steatosis was defined as follows: using the M probe, S1
(mild steatosis) if CAP 248-267 dB/m, S2 (moderate steatosis)
if CAP 268-279 dB/m, and S3 (severe steatosis) if
CAP =280 dB/m or; using the XL probe, S1 if
242-266 dB/m; S2 if 267-285 dB/m; S3 if =286 dB/m.!7-1°
Liver fibrosis was categorized according to Metavir-equivalent
stages: FO-1 (no or mild fibrosis) if LSM <7.1 kPa, F2-3
(significant fibrosis) if LSM 7.1-11 kPa, and F4 (cirrhosis) if
LSM =11.1 kPa, as established previously.?? In addition, we
calculated the Fibroscan-AST (FAST) score which is based on
LSM, CAP, and AST. A FAST score >0.67 indicates
steatohepatitis with significant fibrosis.?!

Outcomes and Definitions

Our primary outcome was the presence of liver steatosis,
defined as CAP =248 dB/m using the M probe and
CAP =242 dB/m using the XL probe. The exposure included
3 different measures of PA: (1) Metabolic equivalents task
(MET) minutes (min) per week, by assigning standardized MET
values of 3.3 for walking, 4 for moderate, and 8 for vigorous
intensity??; (2) performance of =200 min/wk moderate
or =75 min/wk vigorous activity>?3; and (3) sitting h/d. We
categorized participants as lean if the BMI was <24.9 kg/m? and
overweight/obese if the BMI was =25 kg/m?. Arterial hyper-
tension was defined as 2 measurements =140/90 mm Hg within
1 year before VCTE or current antihypertensive treatment;
diabetes mellitus as HbAlc =6.5% or current treatment with
antidiabetic medication; and dyslipidemia as total cholesterol to
high-density lipoprotein ratio > 5 and/or currently receiving lipid
lowering therapy. Hazardous alcohol consumption was defined
as an AUDIT-c >4 for men and >3 for women.?*

Statistical Analysis

We used multivariable logistic regression to evaluate
the association between liver steatosis and PA measures
among lean and overweight participants. We evaluated
covariates of clinical significance, including sex, age (<50
vs =50 years), ethnicity (European vs other origin), HIV
transmission (men who have sex with men [MSM] vs other),
CD4 nadir (<350 vs =350 cells/uL), BMI (<25 vs =25 kg/
m?), diabetes, dyslipidemia, arterial hypertension, and haz-
ardous alcohol consumption. Covariates that were signifi-
cantly associated with liver steatosis in univariable analyses
(P < 0.05) were included in multivariable models. In
addition, all models were adjusted for exposure to tenofovir
alafenamide (TAF) and integrase-strand transfer inhibitors

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc.
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(InSTT). Statistical analyses were performed using STATA
16.0 (StataCorp, College Station, TX) and R (version 4.3).

RESULTS

Study Population

During the study period, 484 SHCS participants
followed at Bern University Hospital underwent screening
for liver steatosis and fibrosis by VCTE. We excluded 18
PWH without data on PA. Of 466 individuals included in our
analyses, 127 (27.3%) were female, 339 (72.7%) were

Caucasian, and 244 (52.4%) were overweight/obese. The
median age was 52 years (interquartile range [IQR] 43-59)
and the median CD4* count was 723 cells/uL (IQR 545-953).
EASL recommendations for PA were met by 148 individuals
(31.8%; Table 1). Cardio-metabolic risk factors were more
frequent in the group who did not meet the EASL recom-
mendations: 56.6% vs. 43.2% were overweight, 41.5% vs
31.1% had dyslipidemia, 33.0% vs. 25.7% arterial hyperten-
sion, and 13.5% vs. 6.8% diabetes mellitus. The proportion of
individuals exposed to TAF was 60.1% in the group who did
not meet the EASL recommendations, and 46.6% in the other

TABLE 1. Demographic and Clinical Characteristics of the Study Population at the Time of Transient Elastography Measurement

and Lifestyle Assessment, Stratified by PA Recommendations by EASL

PA Above EASL-Recommended Threshold*

PA Below EASL-Recommended Threshold*

Characteristics N =148 N =318
Median age, yr (IQR) 51 (42-59) 52 (44-59)
Female sex (%) 32 (21.6) 95 (29.9)
Region of origin (%)
Europe 114 (77.0) 225 (70.8)
Aftica 24 (16.2) 63 (19.8)
Asia 4(2.7) 21 (6.6)
Other 6 (4.1) 9 (2.8)
HIV transmission group (%)
MSM 89 (60.1) 142 (44.7)
Heterosexual 52 (35.1) 150 (47.2)
PWID 0 (0.0 2(0.6)
Other/unknown 7 4.7) 24 (7.5)
Overweight or obese (%) 64 (43.2) 180 (56.6)
Arterial hypertension (%) 38 (25.7) 105 (33.0)
Diabetes (%) 10 (6.8) 43 (13.5)
Dyslipidemia (%) 46 31.1) 132 (41.5)
History of cardiovascular diseasef (%) 8(54) 23 (7.2)
Median BMI, kg/m? (IQR) 24.4 (22.1-26.8) 25.8 (22.9-29.8)
Hazardous alcohol consumption (%)} 35 (25.6) 60 (20.8)
Smoking (%) 32 (21.8) 86 (26.8)

Median current CD4" count, cells/uL (IQR)
Median CD4 nadir in cells/uL (IQR)
Median eGFR in mL/min (IQR)

695 (540-942)
263 (128-379)
87.5 (73.8-101.7)

734 (550-968)
217 (118-330)
86.3 (71.9-101.8)

ART duration, yr (IQR) 11 (6-20) 12 (7-19)
Current ART regimen (%)
3TC/ABC/DTG 41 (27.7) 59 (18.6)
FTC/TAF/BIC 28 (18.9) 55(17.3)
FTC/TAF/DTG 15 (10.4) 47 (14.8)
3TC/DTG 13 (8.8) 12 (3.3)
Other 49 (33.1) 139(43.7)
No treatment 2 (1.3) 6 (1.9)
Current exposure to TAF (%) 69 (46.6) 191 (60.1)
Current exposure to InSTI (%) 116 (78.4) 224 (70.4)
Current exposure to TDF (%) 6 (4.1) 12 (3.8)
Current exposure to EFV (%) 6 4.1 12 (3.8)

*Performance of =200 min/wk moderate or =75 min/wk vigorous activity.
TA history of cardiovascular disease included the past occurrence of myocardial infarction, cerebral infarction, coronary angioplasty/stenting, coronary artery bypass grafting, or

any procedure on peripheral arteries.

fHazardous alcohol consumption was defined as an AUDIT-c >4 points for men and >3 points of women.

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc.
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group. A similar proportion of participants was exposed to
InSTI in both groups (70.4% and 78.4%, respectively).

Association of PA Measures With
Liver Steatosis

Overall, 235 (50.4%) participants had liver steatosis
and 157 (33.7%) had severe steatosis. Among individuals
with liver steatosis, 9 (3.8%) had an LSM compatible with
significant fibrosis (F2-F3), 4 (1.7%) had a measurement
compatible with cirrhosis (F4), and 3 (1.3%) participants had
a FAST score compatible with steatohepatitis with significant
fibrosis. One patient had autoimmune hepatitis without signs
of activity or fibrosis, and 1 patient had a hemochromatosis
with significant fibrosis (F2-3). The proportion of individuals
with liver steatosis was 34.3% in participants who met the
EASL PA recommendations and 56.3% in individuals who
did not. In multivariable analyses, individuals who reported
PA below EASL recommendations had an increased risk for
steatosis compared with the others (adjusted odds ratio [aOR]
2.34, 95% confidence interval [CI]: 1.44 to 3.85, Fig. 1).

Physical activity scales

PA below EASL recommendations*

Full study population
n =466

Lean individuals

Additional risk factors for liver steatosis included
age =50 years, BMI =25 kg/m?, diabetes mellitus, being
Caucasian, and exposure to TAF (see Table S1, Supplemental
Digital Content, http:/links.Iww.com/QAI/C159). Using
alternative scales of PA yielded similar results: PA measured
in MET-min/week was inversely associated with the risk of
liver steatosis (aOR 0.76 per increase of 5000 MET-min per
week, 95% CI: 0.60 to 0.94, Fig. 1), whereas the risk of
steatosis was associated with increased daily sitting time
(aOR, 1.16 per additional hour, 95% CI: 1.07 to 1.26, Fig. 1).
The association between daily sitting time and liver steatosis
remained significant in people who did not meet the EASL
PA recommendations (aOR 1.19; 95% CI: 1.07 to 1.26).

Association of PA Measures With Liver
Steatosis in Analyses Stratified by
BMI Category

Among 222 lean individuals, 65 (29.3%) had liver
steatosis and 2 (0.9%) had fibrosis or cirrhosis. The inverse
association between MET-min/week and liver steatosis

Odds Ratio [95% ClI]

2.40[1.61-3.61]
= 2.34 [1.44-3.85]

1.71[0.93-3.24]

n =222
Overweight individuals
n =244
MET-min/week**
Full study population
n =466

Lean individuals
n =222

Overweight individuals
n =244

Sitting hours/day
Full study population
n =466

Lean individuals
n =222

Overweight individuals
n =244

+

= 1.63 [0.83-3.25]

2.73[1.50-4.97]
= 3.32 [1.63-6.90]

0.69 [0.56-0.84]
0.76 [0.60-0.94]

0.58 [0.39-0.83]
0.58 [0.38-0.86]

0.80 [0.61-1.02]
0.89[0.67-1.18]

1.20 [1.12-1.29]
1.16 [1.07-1.26]

1.16 [1.05-1.29]
1.14 [1.02-1.29]

1.21[1.09-1.35]
1.17 [1.04-1.32]

0.5 1.0

3.0 5.0
OR

| Univariable M Multivariable |

FIGURE 1. Forest plot of odds ratios among patient subgroups for the association between liver steatosis and 3 PA scales.
Multivariable analyses were adjusted for age, sex, BMI, ethnicity, diabetes, dyslipidemia, arterial hypertension, exposure to TAF,
and exposure to InSTI. *Performance of =200 min/wk moderate or =75 min/wk vigorous activity. **Per 5000 MET-min more per

week.
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remained similar when we restricted the analyses to lean
subjects (aOR 0.58, 95% CI: 0.38 to 0.86, Fig. 1). In addition,
the association and effect size between sitting time and liver
steatosis was similar in the lean subpopulation (aOR 1.14,
95% CI: 1.02 to 1.29, Fig. 1). However, we found no
evidence for an independent association between PA below
EASL recommendations and steatosis among lean individuals
(aOR 1.63, 95% CI: 0.83 to 3.25, Fig. 1). Among 244
overweight participants, 170 (69.7%) had liver steatosis and
11 (4.5%) had liver fibrosis or cirrhosis. In this subgroup we
did not find a significant association between MET-min/week
and the presence of liver steatosis (aOR 0.89, 95% CI: 0.67 to
1.18, Fig. 1), but overweight individuals who did not met the
EASL recommendations had a higher risk of liver steatosis
(aOR 3.32, 95% CI: 1.63 to 6.90, Fig. 1). Increased sitting
hours (aOR 1.17, 95% CI: 1.04 to 1.32) remained signifi-
cantly associated with liver steatosis in overweight subjects

(Fig. 1).

DISCUSSION

In our single-site study of consecutive PWH under-
going systematic screening for liver steatosis, participants
with PA below EASL recommendations were more than
twice as likely to have liver steatosis compared with more
active individuals. We observed similar results when using
other measures of PA, including MET-min/week or sitting
time, and most associations remained significant when we
constrained the analyses to lean subjects. Taken together,
our results highlight the importance of promoting PA and
reducing sitting time to prevent liver steatosis
among PWH.

In line with studies among populations without HIV,
we found a strong association between PA below EASL
recommendations of =200 min/wk of moderate or =75 min/
wk vigorous activity and liver steatosis, after adjusting for
steatosis risk factors and ART components linked to weight
increases, such as INSTIs and TAF. Our association between
MET-min/week and liver steatosis contributes to the available
evidence that a combined effect of different PA intensities is
associated with a lower risk of liver steatosis in PWH. MET-
min are used to estimate the energy expenditure for PA, and
thereby present an objective measurement. In line with
previous studies in the general population, we showed
a significant dose—response effect of PA measured by MET-
min/week on the risk of liver steatosis.?> This finding is
especially relevant for participants who cannot reach the
recommended amount of PA and indicates that increasing
time spent walking or in lower-intensity PA, may also be
beneficial. Because some studies among PWH showed no
significant effect of PA interventions on weight, PA may have
an independent effect on the development of liver steatosis,
which could be driven by metabolic changes other than
weight.2¢

Although liver steatosis is closely linked to being
overweight, a subset of PWH developed liver steatosis despite
a normal BMI. In lean persons, genetics or the gut microbiota

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc.

are well-recognized factors influencing the development of
liver steatosis, and behavioral factors such as PA, diet, or
alcohol use may also contribute.?” For instance, Mohammed
et al'? showed that PWH with liver steatosis had a lower BMI
and were more physically active compared with controls. In
our cohort, nearly half of participants were lean and one-third
of them had steatosis. The magnitude of the association
between MET-min/week or sitting time and liver steatosis
remained similar to results from the main analysis, which
confirms the importance of PA in nonobese populations as
well. To improve our understanding of the link between PA
and liver steatosis, prospective cohorts with subgroup anal-
yses for distinct phenotypes are needed.

We investigated the association between PA and liver
steatosis in a well-characterized cohort of consecutive PWH
who underwent systematic assessments of several measures
of PA and VCTE. Our results appear robust because the
detailed demographic, clinical, laboratory and behavioural
data, and the longitudinal information on ART regimens and
comedications allowed for an accurate adjustment for relevant
confounders. However, given the cross-sectional nature of
this study, the temporal relationship between liver steatosis
and PA remains unclear. Only a small number of participants
had an LSM compatible with significant fibrosis or cirrhosis;
thus, we were unable to investigate the association of PA with
advanced liver steatosis or NASH. Finally, we had a relatively
low number of PWH of African origin in our study, so our
results may not be generalizable to other settings.

In conclusion, we show that decreased PA and
prolonged sitting time are associated with liver steatosis
among PWH, independent of BMI. These observations
highlight the beneficial effect of PA and highlight the
importance of incorporating counselling on PA in the
management and prevention of liver steatosis.
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