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Objective: Metabolic risk factors and nonalcoholic fatty liver disease (NAFLD) in
people with HIV (PWH) have been increasing. Patients exhibiting the inflammatory
subtype nonalcoholic steatohepatitis (NASH) are at increased risk of liver-related
complications. Therefore, the aim was to investigate the prevalence of NASH with
significant fibrosis in PWH using noninvasive tests (NITs).

Design: In this prospectively enrolling cohort study, 282 PWH were explored for
hepatic steatosis, fibrosis and steatohepatitis using vibration-controlled transient elas-
tography (VCTE) and the Fibroscan-AST (FAST) score.

Methods: On the basis of controlled attenuation parameter (CAP; dB/m) and liver
stiffness measurement (LSM; kPa), patients were categorized according to the presence
of steatosis (�275dB/m) and significant fibrosis (�8.2 kPa). The FAST score was
calculated according to established cut-offs.

Results: The prevalence of hepatic steatosis in this cohort was 35.5% (n¼100) with
75 (75%) of these patients fulfilling the criteria of NAFLD. The prevalence of
significant fibrosis (� F2) was 6.7% (n¼19). The FAST score identified a total of
32 (12.3%) patients with a cut-off greater than 0.35, of whom 28 (87.5%)
PWH qualified as NASH. On multivariable analysis, waist circumference was a
predictor of hepatic steatosis and type 2 diabetes was a predictor of significant
fibrosis. Type 2 diabetes and ALT remained independent predictors of a FAST score
greater than 0.35.

Conclusion: NASH with significant fibrosis is highly prevalent among PWH. The FAST
score may be helpful to identify patients at risk for significant liver disease.
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Introduction

HIV is one the most common infectious diseases
worldwide. Although associated with a poor prognosis
during earlier decades, significant improvements have
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been achieved with the introduction of long-term
antiretroviral therapy (ART) [1]. However, despite major
accomplishments in the life expectancy of people with
HIV (PWH), liver-related comorbidities are the second
leading cause of mortality [2]. Although the impact of
ine, University Medical Centre Mainz, Germany.

r Research Program, I. Department of Medicine, University

schattenberg@unimedizin-mainz.de
ne 2022.

er Health, Inc. This is an open access article distributed under the
License 4.0 (CCBY-NC-ND), where it is permissible to download and
any way or used commercially without permission from the journal. 1665

mailto:joern.schattenberg@unimedizin-mainz.de
http://dx.doi.org/10.1097/QAD.0000000000003312


1666 AIDS 2022, Vol 36 No 12
chronic hepatitis B virus (HBV) and hepatitis C virus
(HCV) coinfection as the underlying cause of chronic
liver diseases is well established, the prevalence of
metabolic risk factors and the number of PWH
developing nonalcoholic fatty liver disease (NAFLD)
has been increasing in recent years [3–5]. In the general
population, NAFLD has become one of the most
common chronic liver diseases, with a prevalence of
approximately 25% globally [6] bearing a high economic
impact [7]. NAFLD can progress to a more inflammatory
stage, termed nonalcoholic steatohepatitis (NASH), with
a significant risk of liver fibrosis, cirrhosis, and even liver
cancer [8]. In this context, liver fibrosis has become the
most important predictor of mortality [9].

Overall, the metabolic syndrome, a major risk factor for
NAFLD, has a higher prevalence in PWH compared with
the general population [10]. Both HIV infection itself and
ART have been implicated as steatogenic factors [11]. In
this context, a recent study suggested that tenofovir
alafenamide (TAF) was associated with more weight gain
and less favourable metabolic outcomes compared with
tenofovir disoproxil fumarate (TDF), independent of age
[12]. A meta-analysis, however, could not detect a higher
risk ofNAFLDonART [3].Overall, only few studies have
investigated the burden of hepatic steatosis and fibrosis in
PWHand data onNASHwith significant fibrosis is limited
[13,14]. One recent analysis exploring hepatic steatosis in
HIV-monoinfected and HCV-coinfected patients in
Germany did not report data on hepatic fibrosis [15].

Liver biopsy is not feasible as a screening tool and will be
replaced by noninvasive tests (NITs) and biomarkers [16].
Importantly, thehistological disease stage is considered as an
indication for antisteatotic, antifibrotic, and anti-inflam-
matory drugs inNASH that are currently being developed.
Vibration-controlled transient elastography (VCTE) has
been established and validated as anultrasound-based test to
screen for hepatic steatosis and fibrosis [17,18]. More
recently, the Fibroscan-AST (FAST) score has been
introduced to screen patients at risk of nonalcoholic
steatohepatitis with significant fibrosis [19]. For the utility
of a diagnostic test, the prevalence of the condition is of
importance for the positive-predictive value (PPV).
Therefore, the aim of this study was first to analyse the
prevalence, risk factors, and independent predictors of
NAFLDand significantfibrosis and secondly investigate the
prevalence of steatohepatitis by means of VCTE and the
FAST score in PWH.
Methods

Study design and population
A total of 282 individuals with an HIV infection were
enrolled between 2018 and 2021 in this noninterven-
tional, cross-sectional and prospectively enrolling
monocentric cohort study (FLASH, Prevalence of
Advanced Fibrosis in Patients Living With HIV,
NCT04066608) after informed consent was obtained at
the outpatient clinic of the Metabolic Liver Research
Program at the University Medical Centre Mainz in
Germany. Participants with HIV 18 years of age or older
were included into this study. HBV or HCV coinfection
statuswas assessed. Patients with an activemalignancywere
excluded. Clinical assessment was used to categorize
patients according to the amount of alcohol consumption.
NAFLD (alcohol intake: male patient <20 g/day, female
patient <10 g/day) or alcohol-related liver disease (ALD)
were defined according to current practice guidelines [20].
The metabolic syndrome and its associated risk factors
including waist circumference (men �94 cm, women
�80 cm), diabetes mellitus (previously diagnosed type 2
diabetes), raised triglycerides (�150mg/dl, or treatment of
this condition), low HDL cholesterol (men <40mg/dl;
women <50mg/dl) and arterial hypertension (systolic
�130mmHg or diastolic �85mmHg) were defined
according to the criteria of the international diabetes
federation (IDF) [21]. In this context, the metabolic
syndromewas evident if central obesity according to awaist
circumferenceor aBMIgreater than30 kg/m2 and any two
of thepreviouslymentioned factorswerepresent.BMI [kg/
m2; weight (kg)/height2 (m2)] and waist circumference
(cm)were assessedaswell as laboratoryvalueswereobtained
at study inclusion. Assessment of medical and treatment
history were retrieved from the electronic
healthcare records.

Assessment of hepatic steatosis, fibrosis and
steatohepatitis
Hepatic steatosis (CAP, dB/m) and fibrosis (LSM, kPa)
were noninvasively assessed using VCTE (FibroScan 430
mini; SMART Exam was introduced in 2020; Echosens,
Paris, France) [22]. In the majority of patients, the M
probe (91.1%; n¼ 257) was used. In cases of severe
obesity, the XL probe (8.9%; n¼ 25) was used. The
success rate was 93.4%. A total of 20 participants had to be
excluded from the study because of invalid measurements
using VCTE. The recently suggested cut-off above
275 dB/m in the EASL guidelines on noninvasive tests
was used to diagnose hepatic steatosis [23]. For the
assessment of liver fibrosis, a cut-off value of at least
8.2 kPa was considered a significant fibrosis (�F2) [17].
Measurement of LSM was considered reliable if the
interquartile range (IQR) was less than 30% and the
success rate greater than 70% [24]. To identify patients at
risk of more progressive and inflammatory fatty liver
disease, that is, NASH, the FAST score with cut-off
values of greater than 0.35 and at least 0.67, respectively,
were applied [19]. Briefly, the FAST score combines
LSM, CAP and AST blood values into a specific equation
to rule in NASH and has been validated in non-HIV-
infected individuals [19]. Due to missing AST blood
values, the FAST score was available in 93.3% (n¼ 263).
Additional surrogate scores of advanced fibrosis included
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the following: NAFLD fibrosis score (NFS) and Fibrosis-
4 (FIB-4) score with published cut-off values to rule in or
rule out advanced fibrosis [25–27].

Ethics
All patients provided written informed consent. The
study was conducted according to the ethical guidelines
of the 1975 Declaration of Helsinki (sixth revision, 2008).
The study protocol was approved by the ethics committee
of the Landesärztekammer Rhineland-Palatinate [Nr.
873.199.10 (7208)].

Statistical analysis
Descriptive analysis of data is expressed as median values
with interquartile ranges (IQR 25th–75th). The Mann–
Whitney U rank test was used to compare groups and to
calculate differences between two groups with continuous
variables. Categorical variables are presented as frequencies
and percentages. For the comparison of two or more
patient-groups, a chi-squared testwas applied.All testswere
two-tailed, statistically significant values were defined as P
less than 0.05. All variables with P less than 0.05 and the
clinical parameters age, sex and alcohol intake were then
included into a multivariable logistic regression model to
examine associations with NAFLD, fibrosis (LSM
�8.2 kPa) and a FAST score greater than 0.35. Due to
the large number of tests, P values should be interpreted
withcautionand inconnectionwitheffect estimates.For all
data analysis and statistical tests, IBM SPSS Statistic Version
23.0 (IBMCorp.,Armonk,NewYork,USA)wasused.For
all figures, Microsoft Excel 2016 (Microsoft Corp.,
Redmond, Washington, USA) was used.
Results

Demographic and clinical characteristics
A total of 282 PWH fulfilling the inclusion and exclusion
criteria were analysed. The majority of patients were men
(n¼ 198, 70.2%). Themedian age was 51 years (IQR 42–
58) and the median duration of established HIV infection
was 12 years (IQR 6–20). The median BMI (kg/m2) was
25 (IQR 22.3–28.1), and 15.6% (n¼ 44) were obese
according to a BMI greater than 30 kg/m2. The median
waist circumference (cm) was 96 (IQR 86.8–104), and a
total of 40.8% of male and 25.2% of female participants
showed a waist circumference above 94 and 80 cm,
respectively. The criteria of the metabolic syndrome were
fulfilled in 72 (25.5%) individuals at study inclusion.
Alcohol consumption in most individuals was less than
20 g/day (male) and less than 10 g/day (female). Most
PWH received NRTI as part of their ART with a
majority receiving TAF-containing combinations. The
majority showed a controlled HIV disease as indicated by
HIVRNA below the threshold and CD4þ cells above the
threshold of 500 cells/ml. Baseline characteristics and
laboratory results are summarized in Table 1.
Prevalence of hepatic steatosis and fibrosis in
people with HIV
The median CAP (dB/m) was 248 (IQR 214.8–300).
According to a cut-off value of at least 275 dB/m, a total
of 100 PWH (35.5%) presented with hepatic steatosis
(Supplementary Figure 1a, http://links.lww.com/QAD/
C567). On the basis of the presence of hepatic steatosis
according to a CAP greater than 275 dB/m and alcohol
intake (g/day), 76 (27%) PWH were considered to have
NAFLD, whereas 13 (4.6%) qualified for alcohol-related
liver disease (ALD). Because of missing data on alcohol
intake, a total of 11 PWH remained undefined.

The median LSM (kPa) in the study cohort was 4.6 (IQR
3.8–5.7). A total of 263 (93.3%) PWH had a LSM below
8.2 kPa excluding relevant fibrosis, whereas 19 (6.7%)
participants presented with significant fibrosis (F2; cut-off
� 8.2 kPa) (Supplementary Fig. 1b, http://links.lww.
com/QAD/C567).

Comparison of people with HIV characteristics
with nonalcoholic fatty liver disease and fibrosis
A high prevalence (n¼ 38, 38.2%) of the metabolic
syndrome and its associated risk factors was seen in PWH
with NAFLD. The median BMI (kg/m2) was signifi-
cantly higher if NAFLD was present [27.7 (IQR 25.4–
31.6)]. Obesity (BMI >30) was more prevalent in PWH
with NAFLD. Median waist circumference (cm) was
higher in NAFLD [102 (IQR 97–113)], and a higher
prevalence of a waist circumference (cm) greater than 94
(men; n¼ 49) and greater than 80 (women; n¼ 16),
respectively, was seen. The blood levels of ALT,
triglycerides and uric acid showed higher median values
in NAFLD. PWH with significant fibrosis (LSM
�8.2 kPa) were older [55 (IQR 50–63)] and showed a
longer disease duration (time since diagnosis). Further-
more, a higher median BMI (kg/m2) [27.1 (IQR 24.5–
34.7)] and waist circumference (cm) [104 (95–117.3)]
were observed. Liver enzymeswere significantly higher in
PWH presenting with fibrosis [ALT: 36 (IQR 24–59);
AST: 35 (IQR 28–40.5)]. In contrast, HIV-related
parameters were not significantly different between these
groups. Numerically, a higher proportion of PWH and
NAFLD were treated with TAF compared with TDF. A
comparison of patients based on the presence of NAFLD
and significant fibrosis is shown in Table 2. Furthermore,
anti-HBc and anti-HCV were positive in n¼ 5 and n¼ 2
in the subgroup with a LSM at least 8.2 kPa, respectively.
The NFS identified a higher number of PWH at risk of
fibrosis than the FIB-4. The surrogate scores of advanced
fibrosis are shown in Supplementary Table 1, http://links.
lww.com/QAD/C567.

Clinical predictors of nonalcoholic fatty liver
disease and fibrosis in people with HIV
A multivariable logistic regression model was built
including all clinical variables with a P less than 0.05
in the univariable analysis as well as the clinical parameters

http://links.lww.com/QAD/C567
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Table 1. Baseline characteristics and metabolic profile of people
with HIV.

Variable Total cohort (n¼282)

Age in years 51 (42; 58)
Time since diagnosis (years) (n¼268) 12 (6; 20)
Male 198 (70.2)
Female 84 (29.8)
VCTE
CAP (dB/m) 248 (214.8; 300)
LSM (kPa) 4.6 (3.8; 5.7)

Metabolic comorbidities
BMI (kg/m2) (n¼272) 25 (22.3; 28.1)

Underweight (<18.5 kg/m2) 9 (3.2)
Normal weight (18.5 to <25kg/m2) 126 (44.7)
Overweight (25 to <30 kg/m2) 93 (33)
Obese (>30kg/m2) 44 (15.6)

Waist circumference (cm) (n¼270) 96 (86.8; 104)
Male >94cm 115 (40.8)
Female >80 cm 71 (25.2)

Type 2 diabetes (n¼261) 30 (10.6)
Total cholesterol >200mg/dl (n¼181) 91 (32.3)
Triglycerides >150mg/dl (n¼175) 71 (25.2)
HDL-cholesterol: male <40mg/dl 39 (13.8)
female <50 mg/dl (n¼149) 13 (4.6)
Arterial hypertension (n¼268) 85 (30.1)
Metabolic syndrome 72 (25.5)

Alcohol consumption (n¼282)
Male >20 (g/day) No: 165 (90.2);

yes: 22 (9.8)
Female >10 (g/day) No: 68 (90.7);

yes: 7 (9.3)
Laboratory values
ALT (U/l) (n¼263) 24 (18; 32)
AST (U/l) (n¼263) 26 (23; 32)
Triglycerides (mg/dl) (n¼175) 131 (91; 190)
Cholesterol (mg/dl) (n¼181) 200 (174; 226)
HDL (mg/dl) (n¼133) 48 (39; 57.5)
LDL (mg/dl) (n¼133) 120 (102; 144)
HbA1c (%) (n¼133) 5.4 (5.1; 5.7)
Uric acid (mg/dl) (n¼146) 5.5 (4.8; 6.4)

Hepatitis serology
Anti-HCV positive (n¼134) 8 (2.8)
HBsAg positive (n¼129) 4 (1.4)

HIV-related parameters and medication (ART)
CDC stage (n¼185) A: 80 (43.2);

B: 47 (16.7);
C: 58 (20.6)

HIV RNA (n¼274)
Above threshold 102 (36.2)
Below threshold 172 (61)

CD4þ (cells/ml) (n¼266) 723.5 (515.8;
910.8)

>500 cells/ml 207 (73.4)
NRTI 253 (89.7)

TAF as part of ART 179 (63.5)
TDF as part of ART 31 (11)

NNRTI 62 (22)
PI 41 (14.5)
INSTI 188 (66.7)

DTG 68 (36.2)
TAF and INSTI 124 (44)

Data are expressed as numbers, median, percentage (%) or inter-
quartile ranges (IQR 25th–75th). ALT, alanine-aminotransaminase;
ART, antiretroviral therapy; AST, aspartate-aminotransaminase;
CDC, Centres for Disease Control and Prevention; DTG, dolutegra-
vir; HDL, high-density lipoprotein; INSTI, integrase inhibitors; LDL,
low-density lipoprotein; TAF, tenofovir alafenamide; TDF, tenofovir
disoproxil fumarate; NRTI, nucleoside reverse-transcriptase inhibi-
tors; NNRTI, nonnucleotide reverse transcriptase inhibitors; PI,
protease inhibitors.
age and sex to assess predictive factors of NAFLD and
fibrosis in this cohort. Waist circumference (OR¼ 1.1,
95% CI 1.067–1.135, P< 0.001) remained the only
independent predictor of NAFLD. The variable type 2
diabetes (OR¼ 5.056, 95% CI 1.386–18.44, P¼ 0.014)
remained the only independent predictor of significant
fibrosis (Table 3). In turn, HIV-related parameters showed
no association with NAFLD and fibrosis in the
univariable analysis (data not shown).

Prevalence of steatohepatitis with significant
fibrosis in people with HIV
To identify PWH with steatohepatitis and at least
significant fibrosis, the FAST score was explored
(n¼ 263). In total, the FAST score was above the cut-
off more than 0.35 in 32 (12.1%) of the patients. Of these,
9.1% (n¼ 24) of the cohort were in the intermediate
range between greater than 0.35 and less than 0.67,
whereas 3% (n¼ 9) ruled-in applying the cut-off of at
least 0.67 (Supplementary Figure 2, http://links.lww.
com/QAD/C567). In turn, 231 (87.8%) of PWH were
FAST score negative. In the 32 individuals with a FAST
score greater than 0.35, n¼ 28 were classified as NASH,
whereas n¼ 2 qualified for alcoholic steatohepatitis
(ASH). Due to missing data on alcohol intake, a total
of two PWH remained undefined.

Comparison of people with HIV characteristics
with a FAST score greater than 0.35 and at least
0.67
The majority of PWH with a FAST score greater than
0.35 were of male sex (84.4%). Metabolic comorbidities
were generally more prevalent in PWH with a FAST
score greater than 0.35. The BMI (kg/m2) was
significantly higher in both groups (>0.35 and �0.67)
in comparison to less than 0.35, and more patients were
obese (>30 kg/m2). Median waist circumference was also
higher in both groups, and particularly more men showed
a waist circumference of more than 94 cm. Likewise, a
diagnosis of type 2 diabetes at study inclusion was more
prevalent in both groups. Liver-related blood values
(ALT, AST) as well as triglycerides and HbA1c (%) were
significantly higher in PWH and a FAST score greater
than 0.35. No major differences were seen in the analysis
of HIV-related parameters within these groups. A
comparison of these characteristics is shown in Table
4. Additionally, in the group with a FAST score greater
than 0.35, n¼ 7 were anti-HBc-positive and n¼ 2 anti-
HCV-positive.

Clinical predictors of a FAST score greater than
0.35 in people with HIV
Next, clinical predictors of a FAST score greater than
0.35 were analysed by means of univariable and
multivariable logistic regression models. Blood levels of
AST were excluded from the analysis to avoid multi-
collinearity as it is a part of the FAST score. Type 2
diabetes (OR¼ 17.31, CI 4.188–71.52, P< 0.001) and
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Table 3. Multivariable analyses of predictors for NAFLD and fibrosis in people with HIV.

NAFLD Fibrosis

Multivariable logistic regressiona Multivariable logistic regressionb

Variable OR CI P value OR CI P value

Waist circumference (cm) 1.1 1.067–1.135 <0.001
Type 2 diabetes 5.056 1.386–18.44 0.014

Multivariable logistic regression analysis of data is shown. With all factors showing a P value less than 0.05 in the univariable analysis and the
variables, age and sex, a multivariable regression model was built. Age, sex, BMI and ALT were not predictive of NAFLD. Likewise age, sex, BMI,
ALT, AST and alcohol intake were not predictive of fibrosis. Metabolic syndrome was excluded from the multivariable analysis to avoid
multicollinearity. The variable triglycerides was excluded because of limited numbers available. Odds ratio (OR) and 95% confidence interval (CI)
are shown. Boldface indicates statistical significance. A P value less than 0.05 was considered statistically significant. NAFLD, nonalcoholic fatty
liver disease.
aMultivariable logistic regression: age, sex, BMI, waist circumference, ALT (n¼230).
bMultivariable logistic regression: age, sex, BMI, waist circumference, ALT, AST, type 2 diabetes, alcohol intake (n¼212).
ALT (OR¼ 1.118, CI 1.070–1.167, P< 0.001) were the
only independent predictors of a FAST score greater than
0.35 in this cohort (Table 5). HIV-related parameters
showed no impact on a FAST score greater than 0.35 in
the univariable analysis (data not shown).
Discussion

In this analysis, we used a novel NIT for the detection of
NASHwith significant fibrosis in PWH. The FAST score
was developed and validated in patients with NASH and
showed a sensitivity of 90% to rule-out NASH with
significant fibrosis using a cut-off of less than 0.35 [19]. In
the current study, the FAST score exceeded the lower
threshold of 0.35 in 32 (11.3%) individuals, of whom the
majority were related to NASH. We observed hepatic
steatosis in 35.5% of PWH as assessed by CAP, and most
patients presented with a NAFLD. Significant fibrosis
(�8.2 kPa) was detected in 6.7% of PWH.

A number of emerging medical therapies for NASH are
under way. The FAST score has been developed to
determine those patients that are potential candidates for
pharmacotherapy. To date, little data are available on the
prevalence of NASH with significant fibrosis in PWH. In
this cohort study, we define NASH based on the FAST
score in PWH, which identified a similar prevalence of
NASH reported in monoinfected HIV patients when
using liver histology as a reference [28]. In the same study,
ALT levels of at least 36U/l were identified to have the
highest predictive value for NASH, which is in line with
our observations. Type 2 diabetes and other metabolic
risk factors (hypertension and obesity) are highly
associated with NAFLD/NASH and are well known
risk factors for liver cirrhosis and hepatocellular
carcinoma (HCC) in these patients [29]. Interestingly,
type 2 diabetes and ALTremained independent predictors
of a FAST score greater than 0.35 in this cohort. The
FAST score may additionally aid in the identification of
patients at risk for NASH, although future studies are
needed to verify these findings.

Cut-off values were chosen according to the recently
published guidelines on noninvasive tests to rule-in hepatic
steatosis and from a UK-based study for ruling-in
significant fibrosis [17,23]. A meta-analysis of HIV and
HCV-coinfected patients that analysed hepatic steatosis by
liver biopsy reported a prevalence of roughly 50% [30].
Other studies have reported a similar prevalence ranging
from 40 to 48% in HCV-coinfected and monoinfected
PWH using a lower cut-off of 238 dB/m in cohorts from
Spain and Canada, respectively [13,31]. In a study from
Brazil, excluding patients with excessive alcohol use, the
prevalence of NAFLD remained at 38% applying a lower
cut-off of 238 dB/m [32]. According to the ANRS-
ECHAMstudy,which used a liver biopsy as a reference, the
optimal cut-off was considered to be greater than 280 dB/
m to detect hepatic steatosis in PWH [28]. The estimated
overall prevalence of NAFLD in the general population is
around 25% globally and 23% in Germany [6,33]. The
differences in prevalence of NAFLD in PWHdiffers across
previous studies andmayneed tobeconsideredwith respect
to the applied cut-off value. Yet, the prevalence ofNAFLD
is higher in PWH as this and other studies confirm.

In our analysis, waist circumference remained an
independent predictor of NAFLD. Other studies have
identified BMI to be the strongest predictor of steatosis
[31]. Although BMI showed a strong association, it did
not remain an independent predictor of steatosis in
comparison to waist circumference in this study.
Furthermore, the risk of developing NAFLD increases
with both higher BMI and waist circumference [34].
Waist circumference is considered a surrogate of visceral
fat and central obesity, and is an integral part of the
definition of the metabolic syndrome [21]. Moreover,
previous studies have highlighted the close relationship of
waist circumference and visceral adiposity with the
prevalence of NAFLD [35]. In PWH, central obesity may
also be a result of lipodystrophy, which, however, has
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Table 5. Multivariable analysis of predictors for a FAST score greater than 0.35 in people with HIV.

FAST score >0.35

Multivariable logistic regressiona

Variable OR CI P value

Type 2 diabetes 17.31 4.188–71.52 <0.001
ALT (U/l) 1.118 1.070–1.167 <0.001

Multivariable logistic regression analysis of data is shown. With all factors showing a P value less than 0.05 in the univariable analysis and the
clinical variables age, sex and alcohol intake, a multivariable regression model was built. Age, sex, BMI, waist circumference and alcohol intake
were not predictive of a FAST score greater than 0.35. Metabolic syndrome and AST were excluded to avoid multicollinearity. Odds ratio (OR) and
95% confidence interval (CI) are shown. Boldface indicates statistical significance. A P value less than 0.05 was considered statistically significant.
aMultivariable logistic regression: age, sex, BMI, waist circumference, ALT, type 2 diabetes, alcohol intake (n¼212).
become less common because of advances in modern
treatments. In the clinical setting, despite its low costs, the
variability of waist measurement across different centres
limits its applicability.

Hepatic steatosis can give rise to inflammation and
subsequent hepatic fibrosis, which are constituting
NASH. In the current cohort, significant fibrosis was
seen in 6.7% of PWH as assessed by VCTE (LSM) at a
cut-off at least 8.2 kPa (�F2). Similar results were
previously reported in studies from Denmark (12%,
>7.6 kPa) [36] and Brazil (10%, >8.7 kPaM probe and
>7.2 kPa XL probe) [32]. A study from Germany showed
a higher prevalence of 16% using a lower cut-off greater
than 7.1 in HCV-coinfected PWH [37]. However, a
recent study has shown a poor performance of LSM to
detect significant fibrosis (�F2) at a cut-off of 7.1 kPa in
PWH [28]. Importantly, the PPV of LSM to rule-in for
significant fibrosis (�F2) greatly depends on the disease
prevalence in the population [17]. In our cohort, type 2
diabetes was an independent predictor of significant
fibrosis. Type 2 diabetes is generally known as a major
driver of disease progression in patients with NAFLD and
especially if fibrosis is present [38].

Despite the strong association of metabolic factors with
NAFLD, significant fibrosis and NASH in this cohort,
other studies have reported the impact of the HIV
infection itself and components of the ART regimen as
steatogenic factors [12,15]. These have largely focused on
the assessment of weight gain and body composition in
the context of ART [12,39], and not hepatic steatosis
specifically. In the current analysis, treatment with TAF
was not associated with a higher prevalence of hepatic
steatosis. In this context, larger and longitudinal
conducted studies are required to investigate the impact
of ART on hepatic steatosis. The numerically larger
number of TAF in patients with NAFLD might
potentially be related to the selective prescription of
TAF over TDF in patients with metabolic risk factors,
which could be detrimental for kidney or bone health.

This study has several limitations. Liver biopsy remains
the reference standard for the assessment of hepatic
steatosis, fibrosis and steatohepatitis. However, it is an
invasive procedure with a relevant risk and costs [40].
MRI may also provide a noninvasive assessment of
steatosis with a high accuracy [28] but it is associated with
high costs and not routinely available for this purpose.
Furthermore, in separating NAFLD from ALD, border-
line cases can introduce bias. In PWH, the history of
chronic viral infection with HBVandHCV can add to the
fibrosis burden in a specific patient. Although we applied
the FAST score regardless of alcohol intake, the number
of participants with high alcohol consumption was low
and did not affect our results. On the contrary, based on
the prospective recruitment at a single centre with a high
experience of performing VCTE, this data set represents a
large and well characterized cohort that carries a
high validity.

This study identified metabolic risk factors that may also
be addressed by lifestyle interventions in PWH. More
importantly, this study highlights the applicability of a
NIT to detect NASH with significant fibrosis, and thus,
helps to identify patients that are metabolically unhealthy.
Addressing these factors may improve the metabolic
health and prevent the progression to more severe chronic
liver diseases in PWH.
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