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Abstract
Hepatic steatosis (HS) related to nonalcoholic fatty liver disease (NAFLD) 
is increasing globally. In people living with human immunodeficiency virus 
(PLWH) risk factors of HS are increased. The impact of HS on outcomes 
and in particular health- related quality of life (HRQL) in PLWH remains un-
known. The aim of this cross- sectional cohort study (FLASH, Prevalence of 
Advanced Fibrosis in Patients Living With HIV) was to determine the contribu-
tion of HS on HRQL in PLWH and to identify confounders on HRQL. A total 
of 245 PLWH were prospectively enrolled. HS was assessed using vibration- 
controlled transient elastography and defined as a controlled attenuation pa-
rameter (CAP) of ≥ 275 dB/m. The analysis was performed between CAP < 275 
and ≥ 275 dB/m. The generic European Quality- of- Life 5- Dimension 5- Level 
questionnaire was used to determine differences in the HRQL. Univariable 
and multivariable linear regression models were applied to identify predictors 
with impaired HRQL in both groups. In this cohort, 65% (n = 160) presented 
without and 35% (n = 85) with HS, of whom most had NAFLD (n = 65, 76.5%). 
The HRQL (UI- value) was significantly lower in PLWH and steatosis (0.86 ± 
0.18) in comparison with no steatosis (0.92 ± 0.13). Unemployment (p = 0.025) 
and waist circumference (p = 0.017) remained independent predictors of a 
poor HRQL in the steatosis subgroup. In turn, age (p = 0.045), female sex  
(p = 0.030), body mass index (p = 0.010), and arterial hypertension (p = 0.025) 
were independent predictors of a low HRQL in the subgroup without steato-
sis. Conclusion: HS and metabolic comorbidities negatively affect the HRQL. 
Addressing these factors may improve patient- reported and liver- related out-
comes in PLWH.
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INTRODUCTION

Since the introduction of antiretroviral therapy (ART), 
significant improvements in the life expectancy of peo-
ple living with HIV (PLWH) and a reduced incidence of 
human immunodeficiency virus (HIV)– related compli-
cations have been achieved.[1] The burden of disease in 
PLWH may nowadays be affected by age- related and 
metabolic comorbidities as seen in the general popula-
tion.[2] More notably, these noninfectious comorbidities 
are all numerically more prevalent in PLWH compared 
with uninfected individuals.[3] An increasingly seden-
tary lifestyle and changing dietary patterns have led to 
a dramatic rise in obesity in the general population and 
in PLWH. Nevertheless, weight gain has also been dis-
cussed in the context of HIV infection itself and ART 
regimens.[4,5]

An often- overlooked comorbidity in this context is he-
patic steatosis (HS), more commonly referred as non-
alcoholic fatty liver disease (NAFLD), in the absence of 
high alcohol intake and other secondary causes.[6,7] In 
a previous analysis, we and others were able to show 
a high prevalence of NAFLD and its association with 
metabolic risk factors in PLWH.[8] If left undiagnosed 
and untreated, NAFLD and its inflammatory subtype, 
nonalcoholic steatohepatitis, can progress to severe 
liver- related complications with a high economic bur-
den and increased mortality.[9– 11] Current research is 
aimed at evaluating noninvasive tests (NITs), such as 
vibration- controlled transient elastography (VCTE), to 
screen and identify patients at risk without harmful side 
effects.[12]

Despite these objective findings, health- related 
quality of life (HRQL) is an important aspect of a pa-
tient’s well- being and thus in the assessment of over-
all disease burden. Patients with NAFLD and other 
chronic liver diseases show impaired HRQL.[13– 15] 
To quantify a patient’s HRQL, several generic[16] and 
disease- specific questionnaires[17] have been imple-
mented in the case of HIV. The European Quality- 
of- Life 5- Dimension 5- Level (EQ- 5D- 5L) is a generic 
measure of HRQL; it is a widely used questionnaire 
in different diseases and in PLWH.[18] The question-
naire consists of five different dimensions, an overall 
value (utility index [UI] value), and the visual analog 
scale (VAS) to assess the patient’s current health 
state.[16] A perception of poor health may negatively 
influence self- care and adherence to treatment, and 
in this context an HRQL assessment may predict 
survival in PLWH.[19] Previous studies have shown 
that symptomatic HIV infection and comorbidities 
can profoundly affect the HRQL.[20– 22] Furthermore, 
HRQL is declining with the number of coexisting co-
morbidities.[23] However, none of these studies have 
looked at HS, despite the high prevalence of meta-
bolic risk factors and the metabolic side effects of 
ART in PLWH.[5,24]

To date, the impact of HS as a liver- related comor-
bidity on HRQL in PLWH remains unknown. Moreover, 
no data exist from the generic EQ- 5D- 5L questionnaire 
related to HRQL in PLWH from Germany, although 
country- specific differences may exist.[21,25] Therefore, 
the aim of this prospective study was to determine dif-
ferences in HRQL between PLWH with and without 
HS, and to identify treatable predictors of an impaired 
HRQL in both groups.

METHODS

Patients

A total of 302 PLWH were approached between 2018 
and 2021 for this prospectively enrolling single- center 
cohort study (FLASH, Prevalence of Advanced Fibrosis 
in Patients Living With HIV; NCT04066608) after in-
formed consent was obtained at the outpatient clinic of 
the Metabolic Liver Disease Research Program at the 
University Medical Center Mainz in Germany. Of these 
patients, 57 did not meet the inclusion criteria and had 
to be excluded from the analysis. A final number of 245 
PLWH were eligible for study inclusion. Participants 
with an active malignancy or below 18 years of age 
were not included. A flow diagram is seen in Figure 1. 
Medical and treatment history was available from the 
electronic health care records. Education was catego-
rized in higher and lower education. Higher education 
means that individuals had at least a high school di-
ploma. Number of medications is the total number and 
does not include the number of pills taken. HIV- RNA 
viral load was divided into two groups: below and above 
the 50 copies/ml threshold. In the case of incomplete 
data, the total number (n) of analyzed data is provided 
for the respective variables.

Assessment of HS

Hepatic steatosis was noninvasively assessed by 
measuring the controlled attenuation parameter (CAP, 
dB/m) using VCTE (FibroScan 430 mini; SMART Exam 
was introduced in 2020; Echosens).[26] A CAP of ≥ 
275 dB/m was chosen to define HS in this analysis, 
according to current practice guidelines.[27] In most 
cases, the M probe was used (n = 222, 90.6%), and 
in cases of severe obesity the XL probe (n = 23, 9.4%) 
was used. Fibrosis was measured using liver stiffness 
measurement (LSM, kPa) with VCTE. A LSM ≥ 8.2 
kPa defined significant fibrosis (≥F2 fibrosis).[28] Only 
measurements with an interquartile range– to– median 
ratio <30% and a success rate >70% were considered 
valid.[29] A total of 16 patients were excluded due to in-
valid measurements. NAFLD was defined according to 
current practice guidelines.[30]



   | 2013HEPATOLOGY COMMUNICATIONS 

Assessment of metabolic risk factors

The metabolic syndrome and its associated risk fac-
tors, including waist circumference (males ≥ 94 cm, 
females ≥ 80 cm), diabetes mellitus (previously diag-
nosed type 2 diabetes), elevated triglycerides (≥150 
mg/dl, or treatment of this condition), low high- density 
lipoprotein cholesterol (males < 40 mg/dl; females < 50 
mg/dl), and arterial hypertension (systolic ≥ 130 mm Hg 
or diastolic ≥ 85 mm Hg), were defined according to 
the criteria of the International Diabetes Federation.[31] 
Body mass index (BMI) was calculated using height 
and weight (BMI = weight [kg]/height² [m²]). Waist cir-
cumference (cm) was measured at study inclusion. The 
amount of alcohol consumption (g/day) was determined 
clinically. Higher alcohol intake was defined as 20  
g/day and 10 g/day for males and females, respectively. 
Laboratory values were assessed at baseline at study 
inclusion.

Assessment of HRQL

For the assessment of HRQL in PLWH, the validated 
German version of the EQ- 5D- 5L questionnaire was 
used under standardized conditions. The EQ- 5D- 5L rep-
resents a generic measure of the quality of life,[16] which 
has previously been used in PLWH[21] and in patients 

with chronic liver disease.[32] It contains five dimensions 
to capture different aspects of someone’s HRQL. The 
five dimensions include mobility, self- care, usual activi-
ties, pain/discomfort, and anxiety/depression. Each of 
the dimensions have five response levels ranging from 
no problems, slight problems, moderate problems, se-
vere problems, to extreme problems. Numbers from 1 
(“no problems”) to 5 (“extreme problems”) quantify the 
different response levels numerically. The overall cur-
rent health is reflected in the EQ VAS ranging from 0 (the 
worst health) to 100 (the best health). The UI indicates 
an overall score based on the five dimensions with the 
use of a country- specific value set. For the analysis of 
the UI- value in this study, the value set for Germany was 
used.[33] Higher scores on the five dimensions indicate 
a poorer HRQL, whereas higher scores on the UI- value 
and VAS indicate a better HRQL.

Statistical analysis

Descriptive and categorical variables are presented 
as median values with interquartile ranges (IQR 25th; 
75th) or mean values with SD and frequencies with per-
centages. For the comparison of differences between 
groups of categorical variables, an unpaired t test or 
the Mann- Whitney U test was used. The chi- squared 
test was applied for the comparison of two or more 

F I G U R E  1  Flow diagram showing the exclusion of ineligible participants. CAP, controlled attenuation parameter; EQ- 5D- 5L, European 
Quality- of- Life 5- Dimension 5- Level; HIV, human immunodeficiency virus; PLWH, people living with HIV; VCTE, vibration- controlled 
transient elastography
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patient- groups. All tests were two- tailed; statistically 
significant values were defined as p < 0.05. Univariable 
linear regression was used to examine correlations  
between demographic and clinical variables with the 
UI- value of the EQ- 5D- 5L. All variables with a p value 
of < 0.05 in the univariable analysis were then analyzed 
in a multivariable linear regression model based on a 
stepwise variable selection process. For all data analy-
ses and statistical tests, IBM SPSS Statistic Version 
23.0 (IBM Corp.) was used. For all figures, Microsoft 
Excel 2016 (Microsoft Corp.) was used.

RESULTS

Demographic and clinical characteristics

A total of 245 PLWH were prospectively enrolled, of 
whom 35% (n = 85) were classified as having HS 
as defined by a CAP of ≥ 275 dB/m on VCTE. The 
median LSM was 4.6 kPa in the entire cohort with a 
higher median value in the steatosis group (5.0 kPa). 
Significant fibrosis was detected in a total of 16 PLWH 
(6.5%). The remaining 65% (n = 160) of participants 
had no HS. In the total cohort, 27.2% (n = 65) were 
classified as having NAFLD. The median age was 
52, and metabolic comorbidities were highly preva-
lent in the entire cohort. PLWH presenting with HS 
were older (p = 0.041), and more males were affected  
(p = 0.027). Overall, metabolic risk factors were more 
common in the HS group, with a median BMI of 28.2 
kg/m² (overweight) and a median waist circumference 
of 104 cm. Additionally, median alanine aminotrans-
ferase, gamma- glutamyltransferase, and triglyceride 
levels significantly differed between both groups. 
No differences were seen in HIV- related character-
istics, including CD4+ cell count and HIV RNA. The 
prevalence of HIV stages was not significantly differ-
ent between both groups. Demographic and clinical 
characteristics and a comparison between PLWH 
presenting with and without HS are summarized in 
Table 1.

HRQL in PLWH

The mean EQ- 5D- 5L VAS score and UI value were 
76.8 ± 19.5 and 0.90 ± 0.15, respectively. The pain/
discomfort (1.72 ± 0.87) and anxiety/depression (1.59 
± 0.87) dimensions showed the highest mean scores, 
whereas the self- care dimension had the lowest mean 
score (1.10 ± 0.44) (Table 2). Concomitantly, a high 
proportion of PLWH reported problems in the pain/
discomfort (n = 122, 50.4%) and anxiety/depression  
(n = 96, 39.8%) dimensions. The distribution of each 
dimension (percentage) in the entire cohort is depicted 
in Figure S1. The UI- value and the dimension mobility 

significantly differed between males (m) and females (f) 
(UI- value: [m] 0.91 ± 0.12 vs. [f] 0.86 ± 0.20, p = 0.029; 
mobility: [m] 1.32 ± 0.72 vs. [f] 1.54 ± 0.97, p = 0.048). 
Although the dimension anxiety/depression was higher 
in females, no significant difference between males 
and females was seen (Table S1).

Comparison of the HRQL between PLWH 
presenting with and without HS

PLWH presenting with HS had an overall lower UI- value 
in comparison to PLWH with no HS (no HS: 0.92 ± 0.13 
vs. HS: 0.86 ± 0.18, p = 0.013) (Table 2). The scores of 
the mobility (1.55 ± 0.96, p = 0.016) and pain/discomfort 
(1.91 ± 0.95, p = 0.012) dimensions were significantly 
higher in the HS group. The dimension anxiety/depres-
sion showed high values in both groups. Furthermore, 
no differences were seen in the self- care and usual ac-
tivities dimensions as well as in the VAS. More than half 
of PLWH in the steatosis subgroup reported problems 
in the pain/discomfort (58.3%) dimension. A high pro-
portion of participants (no HS: 42.4%; HS: 34.9%) re-
ported problems in the anxiety/depression dimension. 
The comparison of the distribution of each dimension 
(%) between both groups is shown in Figure 2.

Clinical predictors of impaired HRQL in 
PLWH and without HS

The factors age (β: −0.254; 95% confidence interval 
[CI] −0.414, −0.101), disease duration (β: −0.183; 95% 
CI −0.347, −0.021), BMI (β: −0.251; 95% CI −0.408, 
−0.095), waist circumference (β: −0.272; 95% CI 
−0.425, −0.115), arterial hypertension (β: −0.306; 95% 
CI −0.466, −0.153), and triglyceride levels (β: −0.236; 
95% CI −0.448, −0.032) were all associated with a 
lower HRQL. In a multivariable linear regression analy-
sis, age (β: −0.168; 95% CI −0.369, −0.005), female 
sex (β: −0.173; 95% CI −0.348, −0.018), BMI (−0.214; 
95% CI −0.391, −0.054), and arterial hypertension  
(β: −0.194; 95% CI −0.378, −0.025) remained inde-
pendent predictors of a worse HRQL in PLWH and 
without HS (Table 3).

Clinical predictors of impaired HRQL in 
PLWH and with HS

The factors unemployment (β: −0.293; 95% CI −0.503, 
−0.069), waist circumference (β: −0.235; 95% CI 
−0.450, −0.014), arterial hypertension (β: −0.297; 95% 
CI −0.525, −0.079), and cholesterol (β: −0.343; 95% 
CI −0.523, −0.078) were all associated with a lower 
HRQL. In turn, a higher education (β: 0.268; 95% CI 
0.041, 0.487) showed a positive correlation with a 
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TA B L E  1  Demographic and clinical characteristics of PLWH presenting with and without HS

Variable

Total cohort (n = 245) No HS (n = 160) HS (n = 85)

p valuen (% or IQR) n (% or IQR) n (% or IQR)

General characteristics
Age (years), n = 245 52 (42; 58) 51 (41; 57) 53 (47; 60) 0.041
Disease duration, n = 231 13 (7; 23) 13 (7; 23) 14 (6; 25.8) 0.869
Sex 0.027

Male 174 (71) 106 (66.3) 68 (80)
Female 71 (29) 54 (33.7) 17 (20)

Unemployment 27 (11) 16 (11.6) 11 (13.9) 0.617
School education, n = 214 0.144

Lower education 146 (68.2) 88 (64.7) 58 (74.4)
Higher education 68 (31.8) 48 (35.3) 20 (25.6)

Number of medications (>4), n = 234 36 (14.7) 21 (13.9) 15 (18.1) 0.398
VCTE (HS/fibrosis)
CAP (dB/m) 245 (214.5; 293) 224 (203; 244) 315 (292; 342) <0.001
LSM (kPa) 4.6 (3.9; 5.7) 4.5 (3.7; 5.6) 5.0 (4.1; 6.2) 0.036
Fibrosis ≥ 8.2 kPa 16 (6.5) 10 (6.3) 6 (7) 0.807
NAFLD 65 (27.2) 0 65 (76.5)
Metabolic comorbidities
Hyperlipidemia 73 (29.8) 39 (24.8) 34 (40) 0.013
Arterial hypertension, n = 230 75 (30.6) 42 (27.1) 33 (41.2) 0.027
Type 2 diabetes 27 (11) 13 (8.1) 14 (16.5) 0.055
Metabolic syndrome 68 (27.8) 31 (19.4) 37 (43.5) <0.001
BMI (kg/m²), n = 241 25.1 (22.4; 28.5) 23.5 (21.8; 26.4) 28.2 (25.4; 32.6) <0.001
Waist circumference (cm), n = 238 96 (86.7; 104.3) 92 (84; 100) 104 (98; 114) <0.001
Higher alcohol intake, n = 239 28 (11.4) 14 (8.7) 14 (17.7) 0.054
Laboratory values
ALT (U/l), n = 231 23 (18; 32) 22 (17; 30) 28 (19.5; 39.5) <0.001
AST (U/l), n = 231 26 (23; 31) 26 (22; 30) 26 (23; 33.5) 0.248
GGT (U/l), n = 226 27.5 (19; 44.3) 25 (18; 36.8) 34 (23.5; 55) <0.001
Triglycerides (mg/dl), n = 154 133 (90; 191.5) 109.5 (82.8; 170.8) 179 (115; 239) <0.001
Cholesterol (mg/dl), n = 159 202 (177; 229) 197.5 (172; 226.3) 207 (183; 233) 0.124
Leukocytes, n = 240 6.5 (5.3; 7.8) 6.3 (5.1; 7.7) 6.7 (5.5; 7.8) 0.140
Hemoglobin, n = 240 14.9 (13.6; 15.7) 14.7 (13.4; 15.5) 15.2 (14.5; 15.9) 0.001
HIV- related characteristics
CD4+ (cells/µl), n = 266 727 (516.8; 901.3) 710 (515.5; 882) 801 (529.5; 996) 0.140
HIV RNA, n = 238 0.236

Below threshold 166 (67.8) 113 (72.4) 53 (64.6)
Above threshold 72 (29.4) 43 (27.6) 29 (35.4)

CDC stage, n = 155 0.335
A 69 (44.5) 46 (47.9) 23 (38.9)
B 40 (25.8) 21 (21.8) 19 (32.2)
C 46 (29.7) 29 (30.2) 17 (28.8)

NRTI 0.395
TAF as part of ART 155 (86.1) 98 (54.4) 57 (36.7)
TDF as part of ART 25 (13.8) 18 (72) 7 (28)
PI, n = 241 39 (15.9) 28 (17.8) 11 (13.1) 0.341
INSTI, n = 241 161 (65.7) 101 (64.3) 60 (71.4) 0.265

Note: Data are expressed as numbers, median, percentage (%), or interquartile ranges (IQR 25th; 75th). p values refer to the comparison between no HS 
versus HS. Boldface indicates statistical significance. A p value < 0.05 was considered statistically significant.
Abbreviations: ALT, alanine- aminotransaminase; ART, antiretroviral therapy; AST, aspartate- aminotransaminase; BMI, body mass index; CDC, Centers for 
Disease Control and Prevention; GGT, gamma- glutamyltransferase; INSTI, integrase inhibitor; LSM, liver stiffness measurement; TAF, tenofovir alafenamide; 
TDF, tenofovir disoproxil fumarate; NAFLD, nonalcoholic fatty liver disease; NRTI, nucleoside reverse- transcriptase inhibitor; PI, protease inhibitor.
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better HRQL. In a multivariable linear regression analy-
sis, unemployment (β: −0.270; 95% CI −0.492, −0.035) 
and waist circumference (β: −0.289; 95% CI −0.492, 
−0.051) remained the two independent predictors of a 
worse HRQL in PLWH and with HS (Table 4). Although 
HS was associated with a lower HRQL in the analysis 
of the total cohort, it did not remain an independent pre-
dictor (Table S2).

Next, we investigated predictors of a poor HRQL 
in the dimension’s mobility and pain/discomfort within 
the HS subgroup. Higher education (β: −0.299; 95% 
CI −0.516, −0.086) was a predictor of a better mobil-
ity, whereas waist circumference (β: 0.314; 95% CI 
0.085, 0.518) remained an independent predictor of a 
poor mobility (Table S3). In turn, arterial hypertension 
was the only independent predictor of an impaired pain/

discomfort dimension (β: 0.301; 95% CI 0.084, 0.510) 
(Table S4).

DISCUSSION

In this study, HRQL was analyzed using the generic 
EQ- 5D- 5L questionnaire in PLWH presenting either 
with or without hepatic steatosis (HS). Despite the ris-
ing numbers of patients with chronic liver diseases and 
the detrimental effects on HRQL, no data related to 
HS and HRQL in PLWH currently exist. Here, we show 
that PLWH presenting with HS have a poorer HRQL. 
More specifically, the mobility and pain/discomfort di-
mensions were the most burdensome in this subgroup 
analysis. In the entire cohort, the anxiety/depression 

TA B L E  2  Mean scores of the EQ- 5D- 5L questionnaire and a comparison of PLWH and no HS versus HS

Variable Total cohort (n = 245) No HS (n = 160) HS (n = 85) p value

EQ- 5D- 5L

Mobility, n = 238 1.38 ± 0.80 1.29 ± 0.69 1.55 ± 0.96 0.016
Self- care, n = 241 1.10 ± 0.44 1.08 ± 0.46 1.13 ± 0.44 0.472

Usual activities, n = 239 1.33 ± 0.73 1.28 ± 0.64 1.43 ± 0.86 0.124

Pain/discomfort, n = 242 1.72 ± 0.87 1.63 ± 0.81 1.91 ± 0.95 0.012
Anxiety/depression, n = 241 1.59 ± 0.87 1.57 ± 0.77 1.63 ± 1.03 0.629

VAS, n = 245 76.8 ± 19.5 77.8 ± 18.6 74.7 ± 20.9 0.225

UI- value, n = 236 0.90 ± 0.15 0.92 ± 0.13 0.86 ± 0.18 0.013

Note: Data are expressed as means with SD. Boldface indicates statistical significance. A p value < 0.05 was considered statistically significant.
Abbreviations: UI, utility index; VAS, visual analog scale.

F I G U R E  2  Distribution of the EQ- 5D- 5L dimensions in PLWH and without hepatic steatosis (HS) or with HS. The EQ- 5D- 5L 
questionnaire consists of five dimensions: mobility, self- care, usual activities, pain/discomfort, and anxiety/depression. Each of these 
dimensions is divided into five levels of perceived problems: no problems, slight problems, moderate problems, severe problems, and 
extreme problems
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dimension was also a major aspect of HRQL. In the 
subgroup analysis of PLWH and without HS, older age, 
female sex, a high BMI, and arterial hypertension were 
negatively associated with HRQL. More importantly, in 
this study we identified potentially treatable comorbidi-
ties. Addressing these factors may not only enhance 
HRQL but also affect the resolution of HS and its re-
lated complications.

Comorbidities have a significant impact on the 
HRQL in PLWH,[23] and chronic health conditions are 
more prominent in PLWH > 50 years or older compared 

with the general population.[34] In the assessment of 
comorbidities, however, HS is often overlooked, de-
spite its high prevalence in this analysis (>35%) and 
in previous studies.[8] Moreover, HIV itself and certain 
ART regimens can have negative metabolic outcomes, 
which need additional consideration in the context of 
lifestyle- associated factors.[35] In a previous analysis 
and in this current study we did not see any impact 
of these HIV- related parameters on HS or HRQL in 
PLWH. A recent longitudinal analysis reported a higher 
risk of tenofovir alafenamide and integrase inhibitors 

TA B L E  3  Clinical predictors of impaired health- related quality of life in PLWH and without HS

Variable

EQ- 5D- 5L UI- value

Univariable analysis Multivariable analysisa

β 95% CI p value β 95% CI p value

General characteristics

Age −0.254 −0.414, −0.101 0.001 −0.168 −0.369, −0.005 0.045
Disease duration −0.183 −0.347, −0.021 0.027
Sex, female −0.150 −0.311, 0.009 0.063 −0.173 −0.348, −0.018 0.030
Unemployment −0.077 −0.240, 0.092 0.378

Higher education 0.169 −0.002, 0.324 0.053

Number of medications (>4) −0.117 −0.281, 0.047 0.160

Fibrosis ≥ 8.2 kPa −0.056 −0.213, 0.101 0.485

Metabolic comorbidities

BMI −0.251 −0.408, −0.095 0.002 −0.214 −0.391, −0.054 0.010
Waist circumference −0.272 −0.425, −0.115 0.001
Higher alcohol intake 0.009 −0.148, 0.167 0.907

Type 2 diabetes −0.148 −0.301, 0.010 0.067

Arterial hypertension −0.306 −0.466, −0.153 <0.001 −0.194 −0.378, −0.025 0.025
Hyperlipidemia 0.118 −0.043, 0.280 0.148

Metabolic syndrome −0.148 −0.310, 0.010 0.066

Laboratory values

ALT (U/l) 0.083 −0.076, 0.229 0.322

AST (U/l) 0.079 −0.080, 0.226 0.346

Triglycerides −0.236 −0.448, −0.032 0.024
Cholesterol 0.095 −0.128, 0.350 0.358

Hemoglobin 0.068 −0.086, 0.212 0.404

Leukocytes 0.005 −0.145, 0.153 0.955

HIV- related characteristics

CDC stage C 0.058 −0.139, 0.247 0.580

HIV RNA 0.052 −0.102, 0.198 0.529

CD4 cells/µl 0.076 −0.081, 0.224 0.356

TAF vs. TDF 0.081 −0.102, 0.255 0.399

PI −0.028 −0.191, 0.134 0.728

INSTI 0.053 −0.109, 0.216 0.514

Note: Univariable and multivariable linear regression analyses were done. With all factors showing a p value < 0.05 and the clinical parameters of age and sex, 
a multivariable linear regression model was built. Confidence interval (CI) and Beta (β) show each of the standardized values. Boldface indicates statistical 
significance. A p value < 0.05 was considered statistically significant.
aMultivariable linear regression analysis, stepwise selection (n = 137): age, disease duration, sex, BMI, and waist circumference; triglycerides were excluded 
due limited numbers available.
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for steatosis progression.[5] To detect and screen pa-
tients at a particular risk of developing HS, NITs such 
as VCTE with no harmful side effects have become 
valuable tools in the clinical routine.[12] In this study, 
PLWH with HS had an overall lower HRQL, and these 
patients were mostly affected in the mobility and pain/
discomfort dimensions. Interestingly, Balderson et al. 
were able to show that physical functioning was the 
major variable to be affected by chronic diseases in 
PLWH.[34] Waist circumference remained an indepen-
dent predictor of impaired mobility in the subgroup with 

HS. Metabolic risk factors such as a high BMI may also 
cause more orthopedic issues, especially in the knees, 
with additional limitations in mobility and the ability to 
exercise.[36] Indeed, exercise has been shown to have 
positive effects on the HRQL in PLWH.[37] This may 
also explain the burden of the pain/discomfort dimen-
sion in these patients in addition to other comorbidities, 
primarily arterial hypertension or chronic back pain.[3,34] 
However, older age has also been reported to affect the 
pain/discomfort dimension independent of HS.[21] In the 
context of HS, lifestyle interventions with a change in 

TA B L E  4  Clinical predictors of impaired health- related quality of life in PLWH and with HS

Variable

EQ- 5D- 5L UI- value

Univariable analysis Multivariable analysisa

β 95% CI p value β 95% CI p value

General characteristics

Age −0.002 −0.229, 0.225 0.987

Disease duration 0.038 −0.199, 0.277 0.746

Sex, female −0.198 −0.410, −0.021 0.076

Unemployment −0.293 −0.503, −0.069 0.011 −0.270 −0.492, −0.035 0.025
Higher education 0.268 0.041, 0.487 0.021
Number of medications (>4) −0.036 −0.275, 0.199 0.751

Fibrosis ≥ 8.2 kPa −0.083 −0.362, 0.165 0.460

Metabolic comorbidities

BMI −0.196 −0.413, −0.024 0.081

Waist circumference −0.235 −0.450, −0.014 0.037 −0.289 −0.492, −0.051 0.017
Higher alcohol intake −0.060 −0.295, 0.174 0.609

Type 2 diabetes 0.073 −0.157, 0.309 0.516

Arterial hypertension −0.297 −0.525, −0.079 0.009
Hyperlipidemia 0.028 −0.200, 0.257 0.803

Metabolic syndrome 0.057 −0.168, 0.281 0.615

Laboratory values

ALT (U/l) 0.105 −0.133, 0.364 0.358

AST (U/l) −0.058 −0.431, 0.256 0.612

Triglycerides 0.181 −0.074, 0.380 0.182

Cholesterol −0.343 −0.523, −0.078 0.009
Hemoglobin 0.025 −0.200, 0.249 0.829

Leukocytes −0.148 −0.378, 0.077 0.191

HIV- related characteristics

CDC stage C −0.172 −0.467, 0.104 0.208

HIV RNA 0.030 −0.202, 0.264 0.793

CD4 cells/µl −0.135 −0.379, 0.096 0.238

TAF vs. TDF 0.170 −0.093, 0.458 0.190

PI 0.089 −0.139, 0.322 0.430

INSTI −0.181 −0.404, 0.041 0.109

Note: Univariable and multivariable linear regression analyses were done. With all factors showing a p value < 0.05 and the clinical parameters of age and sex, 
a multivariable linear regression model was built. CI and β show each of the standardized values. Boldface indicates statistical significance. A p value < 0.05 
was considered statistically significant.
aMultivariable linear regression analysis, stepwise selection (n = 64): age, sex, unemployment, higher education, waist circumference, and arterial 
hypertension; cholesterol was excluded due to limited numbers available.
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diet and physical exercise are cornerstones in the treat-
ment of NAFLD.[38] Therefore, it is important to educate 
these patients about the positive effects of lifestyle in-
terventions to reduce weight.

The mean UI- value of the entire cohort was 0.90 
± 0.15 (median 0.91) in the current study, which is 
higher than the pooled UI- value (0.84) from various 
countries in a recent meta- analysis.[18] A cohort from 
Vietnam showed the lowest UI- value, and HRQL was 
negatively affected in symptomatic and more advanced 
HIV stages.[22] Using a specific HRQL questionnaire 
(MOS- HIV) for PLWH, CD4+ count and viral load 
showed no independent association in a study from 
Ireland,[39] which is consistent with our findings with 
the EQ- 5D- 5L. Our cohort was in large parts well con-
trolled; most had suppressed viral loads, and the me-
dian CD4+ cell count was above >500 cells/µl. Overall, 
the differences in these HRQL findings may be mul-
tifactorial and country- specific.[25] According to previ-
ous studies, low socioeconomic status and income are 
often associated with low HRQL.[40] We were not able 
to see an effect of unemployment or education level on 
the HRQL in PLWH and without HS. Interestingly, in the 
subgroup of PLWH with HS, unemployment remained 
an independent predictor of a poor HRQL and higher 
education was positively correlated with better HRQL. 
Obesity, a major risk factor for HS, is often associated 
with unemployment.[41] Only recently, a study identified 
lower risk of NAFLD in patients with higher education, 
partially mediated by a better diet quality and physical 
activity.[42] In this regard, HS may reflect lower socio-
economic status in PLWH.

In line with previous findings, anxiety/depression 
and pain/discomfort were found to be the most bur-
densome dimensions in PLWH.[21] Mental well- being 
often coexists with chronic diseases that need lifelong 
treatment such as HIV[43] or chronic liver diseases.[44] 
Popping et al. recently found a high prevalence of 
anxiety/depression in PLWH compared with the gen-
eral population, especially if patients were >60 years 
of age.[25] Notably, older age remained independently 
associated with low HRQL in the subgroup analysis 
without HS in this study. Although the anxiety/depres-
sion dimension was prominent in both subgroups, they 
were not significantly different from each other. Due to 
stigmatization and the need for lifelong adherence to 
ART, HIV infection itself may have a higher impact on 
mental health than other chronic diseases.[45] Besides 
anxiety and depression, fatigue is frequently present in 
patients with more advanced chronic liver disease.[46] 
However, the EQ- 5D- 5L does not specifically assess 
fatigue; therefore, liver- specific questionnaires may 
need to be used to capture this aspect in patients with 
hepatic steatosis. Moreover, females were more nega-
tively affected in their HRQL than males in this study, a 
finding that has been observed with other chronic con-
ditions.[32] Previous studies have often looked at the 

number of comorbidities in general without addressing 
the burden of individual comorbidities.[23] In the sub-
group without HS, a higher BMI and arterial hyperten-
sion remained independent predictors of lower HRQL. 
This was a surprise, as arterial hypertension is mostly 
clinically asymptomatic. On the other hand, the treat-
ment of arterial hypertension involves the prescription 
of medications that add to the medication burden, and 
some (e.g., beta- blockers) may negatively affect activ-
ity and energy. Although other studies have reported 
lower HRQL with a higher number of prescribed medi-
cations,[21] we were not able to replicate these findings. 
BMI and arterial hypertension are treatable conditions. 
If they are adequately treated, this may also prevent 
progression to HS.

Although HS correlated with a lower HRQL, it did not 
remain an independent predictor in the analysis of the 
entire cohort. We hypothesize that this may be associ-
ated with, in large part, “invisibility” of HS for patients. 
Therefore, waist circumference, arterial hypertension, 
and even unemployment are more visible and may 
have immediate effects on one’s perceived health. 
However, this creates an argument to screen for HS 
and target HS for treatment with, for example, lifestyle 
interventions.

This study has several limitations. No disease- 
specific HRQL assessment was used in this analysis; 
instead we used a generic questionnaire. Therefore, 
disease- related aspects, either in the case of HIV 
infection or HS, may be underreported. To capture 
more liver- related aspects of HRQL, the Chronic Liver 
Disease Questionnaire (CLDQ) could have been 
used.[32] However, the CLDQ has not been validated 
in PLWH and without chronic liver diseases so far, and 
most of this cohort had no HS. Moreover, the current 
study is a single- center analysis, with the potential for 
referral bias and the lack of generalizability to other 
populations. Another limitation is the large proportion of 
men in this cohort. However, the EQ- 5D- 5L is a widely 
used and validated questionnaire that provides a quick 
assessment of an individual’s HRQL.

In summary, the current analysis highlights that met-
abolic risk factors negatively affect HRQL using a ge-
neric quality- of- life tool in PLWH. Additionally, HS had 
a negative effect on HRQL, albeit not independently of 
metabolic comorbidities in this cohort. Identification of 
modifiable metabolic risk factors affecting both HS and 
HRQL may significantly improve patient- reported out-
comes in PLWH. More importantly, treatment of these 
factors may prevent the progression to more severe 
liver disease. However, longitudinal studies are war-
ranted to verify these results.
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