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Abstract
Background: HIV infection is one of the most important health problems worldwide. With effective
antiretroviral therapy (ART), the mortality rate of HIV-infected patients has signi�cantly declined.
Currently, metabolic complications become more common and lead to increasing morbidity and mortality
in HIV-infected patients. Non-alcoholic fatty liver disease (NAFLD) has emerged as a common metabolic
complication in these patients. Our study was aimed to determine the prevalence and predicting factors
of NAFLD in HIV-infected population.

Methods: A cross-sectional study was conducted in HIV-infected patients receiving ART without history of
regular alcohol consumption or known chronic liver diseases. The data of demographic and clinical
parameters, metabolic pro�les, bioelectrical impedance analysis, liver ultrasonography and transient
elastography (TE) with controlled attenuation parameter (CAP) were collected. The prevalence and
predicting factors of NAFLD were analyzed. NAFLD was de�ned when CAP ≥248 dB/m. Patients were
categorized into two groups: NAFLD and non-NAFLD. Signi�cant liver �brosis was de�ned when liver
stiffness measurement (LSM) >7.0 kPa. Predicting factors of NAFLD were determined using logistic
regression analysis.

Results: A total of 150 patients were included in the study. Forty-eight (32.0%) patients had NAFLD.
Among this group, signi�cant �brosis was diagnosed in 5 (10.4%) patients and steatosis by
ultrasonography was documented in 31 (64.6%) patients. Baseline characteristics including age, sex, CD4
cell count, types of ART regimens and duration of ART between the two groups were not different
(p>0.05). Blood pressure, waist circumference, body mass index (BMI), percentage of fat, AST, ALT,
HbA1c, LDL, and triglycerides were higher in the NAFLD group (p<0.05). By multivariate analysis, high
BMI [odds ratio (OR) 1.596; 95% con�dence interval (CI), 1.336-1.907, p<0.001], triglycerides level more
than 150 mg/dl [OR 3.722; 95% CI, 1.508-9.187, p<0.004] and advance age [OR 1.076; 95% CI, 1.017-
1.139, p<0.011] were predicting factors of NAFLD.

Conclusions: NAFLD is commonly found in HIV-infected patients receiving ART while signi�cant �brosis
is relatively uncommon. High BMI, age and triglycerides appear to be predicting factors of NAFLD. The
regimen and duration of ART are not associated with NAFLD. Screening for NAFLD by TE with CAP in HIV-
infected patients should be recommended for early detection of NAFLD.

Background
HIV infection is a common and important health problem worldwide. Life expectancy of HIV-infected
patients has signi�cantly increased due to effective antiretroviral therapy (ART). In 2017, the magnitude
of HIV infection in adults was 36.9 million cases globally. Among this number, 21.7 million was on ART
[1]. Currently, metabolic complications become more common and lead to high morbidity and mortality in
HIV-infected patients [2-4]. Non-alcoholic fatty liver disease (NAFLD) has emerged as a common
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metabolic complication in HIV-infected patients. There is a strong association between NAFLD and
metabolic syndrome. HIV infection is probably one of the risk factors of NAFLD [5].

   NAFLD is the most common liver disease in developed countries [6]. It was de�ned when liver fat
accumulation exceeding 5% of the liver in the absence of regular alcohol consumption [6]. Clinical
presentation of NAFLD could be asymptomatic or mild increased serum transaminases. Furthermore,
hepatocellular carcinoma can occur in NAFLD without the background of liver cirrhosis [7]. Liver biopsy
has been the gold standard procedure to diagnose NAFLD but it is invasive and unrealistic in clinical
practice especially in HIV-infected patients [6]. Currently, non-invasive tools have replaced liver biopsy for
liver �brosis assessment. Transient elastography (TE) with controlled attenuation parameter (CAP) and
liver ultrasonography can be used as screening tools for NAFLD in HIV infected patients [8-10]. A strong
correlation of CAP and fat accumulation in the liver has been reported in clinical studies [8, 11]. CAP has
been reported to be useful in diagnosis of liver steatosis [8].

There are only a few studies that determine the prevalence and predicting factors of NAFLD in HIV-
infected population [12-16]. HIV infected patients have higher risk of metabolic syndrome compared to
normal population. Early detection of NAFLD in HIV-infected patients with appropriate intervention may
prevent the progression of NAFLD and the development of complications. The primary objective of this
study was to evaluate prevalence in HIV-infected patients. The secondary objectives were to determine
the predicting factors of NAFLD and severity of NAFLD in HIV-infected patients.

Methods
Patients

A cross-sectional study was conducted at Ramathibodi Hospital, Bangkok, Thailand during October 2017
to October 2018. HIV–infected patients who were on ART with complete virological suppression
(undetectable HIV RNA) and without history of alcohol consumption were enrolled to the study from the
Infectious Disease Clinic.

The main inclusion criteria were HIV-infected patients who were receiving ART with undetectable HIV viral
load within 6 months and gave signed consent to participate in the study. The exclusion criteria included
patients with the presence of viral hepatitis B or hepatitis C co-infection, other known liver disease such
as cirrhosis or hepatocellular carcinoma, critical illness or active opportunistic infection (OI), and active
alcohol consumption (male > 30 g/day, female > 20 g/day) [16]. Our protocol was reviewed and approved
by the Committee of Human Rights Related to Research Involving Human Subjects, Faculty of Medicine
Ramathibodi Hospital, Mahidol University, and the study was conducted in accordance with the principle
of Good Clinical Practice.

Baseline characteristic, anthropometric measurement, bioelectrical impedance analysis and biochemical
data



Page 4/14

General information such as age, sex, ART regimen, history of OI, underlying condition, current
medications were reviewed from medical database. Blood pressure and metabolic pro�les including body
weight (BW), height (Ht), waist circumference (WC) and hip circumference (HC) were collected. Body
mass index (BMI) were calculated. Biological impedance analysis was done in all patients for muscle
mass, fat mass, percentage of fat, basal metabolic rate (BMR), appendicular skeletal muscle mass
(ASM/Ht2). Blood tests including complete blood count, CD4 cell count, HIV RNA, blood urea nitrogen,
creatinine, liver function test, fasting plasma glucose (FPG), 2-hour 75-gram oral glucose tolerance test
(OGTT), insulin level, lipid pro�les, hepatitis B surface antigen and anti-hepatitis C antibody were
performed. The diagnosis of pre-diabetes and diabetes were based on the de�nition from American
Diabetes Association in 2017 [17]. The study protocol is shown in Figure 1.

Assessment of fatty liver and liver stiffness by transient elastography with controlled attenuation
parameter (CAP) and ultrasonography

TE with CAP and liver ultrasonography were performed on the same day and after 6-hour fasting. The
probe transducer was placed on the skin, between the ribs at the level of the right lobe of liver by a single
experienced operator who performed 10 valid acquisitions with interquartile range/median (IQR/M) of
liver stiffness (LS) less than 0.3 [18, 19]. The software then calculated the median values of LS and CAP.
In this study, NAFLD was de�ned as CAP at least 248 dB/m [20]. The cut-off values at 248, 268 and 280
dB/m were used to de�ne NAFLD stage S1 (steatosis >5%), NAFLD stage S2 (steatosis >33%) and NAFLD
stage S3 (steatosis >66%) [20]. Signi�cant liver �brosis was de�ned as LS at least 7.1 [16]. Liver cirrhosis
was de�ned as LS at least 13 kPa with the presence of cirrhotic features from ultrasonography [16, 21,
22].

Liver ultrasonography was performed and the result was interpreted by a single experienced hepatobiliary
radiologist. Fatty liver was identi�ed when liver echogenicity exceeded that of renal cortex and spleen and
there was attenuation of ultrasound wave, loss of de�nition of diaphragm and poor delineation of the
intrahepatic architecture [9]. The degree of fatty liver by ultrasonography was classi�ed to mild, moderate,
and severe hepatic steatosis [9].

Non-invasive �brosis markers

The simple biomarker �brosis-4 index (FIB-4) was also calculated as follows: (age (years) x aspartate
aminotransferase (AST))/(platelet count (109/l) x (alanine aminotransferase (ALT))0.5 [23]. A standard
cut-off value of signi�cant �brosis was 2.67 [24]. AST to platelet ratio index (APRI) was calculated and it
was correlated with the severity of liver �brosis [16]. APRI score greater than 1.0 had a sensitivity of 76%
and a speci�city of 72% for predicting of cirrhosis [16]. NAFLD �brosis score (NFS) was calculated to
estimate the amount of scarring in liver in NAFLD group by using the cut-offs < -1.455 as F0-F2, -1.455 –
0.675 as indeterminate score and > 0.675 as F3-4. NFS was calculated from na�dscore.com [23, 25, 26].
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Statistical analysis

We estimated the sample size for each group using the n4studies program version 1.4.0 [27]. The sample
size was calculated on the basis of a previous study that revealed the prevalence of NAFLD at 48% [16].
Assuming a power of 80% and an alpha of 0.05, we needed a sample of at least 131 individuals in a two-
tailed test. We compared the characteristics of participants between groups by outcome status using
Student’s t test or Mann-Whitney U test when appropriate for independent continuous variables. Chi-
square test was used to compare any independent categorical values between groups. Predicting factors
of NAFLD were determined using logistic regression analysis. Final models were adjusted for tentative
predicting factors. Results were reported as odds ratio (OR) with 95% con�dence interval (CI). All tests
were two-tailed and with a signi�cance level at 0.05. The difference was considered statistically
signi�cant when P value was less than 0.05. Statistical analyses were performed using SPSS statistic
version 23.

Results
Patient characteristics

A total of 150 HIV-infected patients were included in this study after meeting the inclusion and exclusion
criteria. Demographic data and other baseline characteristics are summarized in Table 1. Of all, 48
patients had NAFLD by CAP criteria, accounting for a prevalence of 32% in this HIV-infected study
population.

Comparison of baseline characteristics and HIV pro�les between the NAFLD and non-NAFLD groups       

Among 150 HIV-infected patients, 55.30% were male with mean age ± standard deviation of 45.83 ± 9.54
years. NAFLD patients were older with the greater number of male and diabetes (Table 1). Mean body
weight, BMI, WC, WC/HC ratio, systolic blood pressure and diastolic blood pressure in the NAFLD group
were signi�cantly higher than the non-NAFLD group. From biological impedance analysis, mean muscle
mass, fat mass, percentage of fat and ASM/Ht2 of the NAFLD group were signi�cantly higher than the
non-NAFLD group, which was corresponded with a higher BMR in the NAFLD group.

            The median (range) duration of ART was 7.40 (4.40-8.90) years (Table 2). One hundred and ten
(73.3%) patients were on non-nucleoside reverse transcriptase inhibitor (NNRTI)-based regimens with 32
(21.3%) patients on protease inhibitor (PI)-based regimens, and 8 (5.3%) patients on other regimens such
as integrase inhibitor-based regimen. The pattern of ART regimen use was not signi�cantly different
between the two groups.

Laboratory data

Mean hemoglobin, AST, ALT and gamma-glutamyl transferase, total protein and creatinine were
signi�cantly higher in the NAFLD group than the non-NAFLD group (Table 3). The NAFLD group had
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triglycerides (TG), low-density lipoprotein cholesterol (LDL), FPG, 2-hr OGTT and hemoglobin A1c (HbA1c)
signi�cantly higher than the non-NAFLD group. Median (IQR) insulin was higher in NAFLD group. In
addition, patients with NAFLD also had signi�cantly lower level of high-density lipoprotein cholesterol
(HDL).

Non-invasive hepatic steatosis and �brosis assessment

From the examination of the 48 patients in the NAFLD group by TE, 15 (31.3%) patients were in S1
steatosis; 8 (16.7%) patients were in S2 steatosis; and 25 (52.1%) patients were in S3 steatosis (Table 4).
Of all, 50 (33.3%) patients had steatosis from ultrasonography and 31 (64.6%) patients were in the
NAFLD group. Among these 50 patients, 37 (24.7%) patients had mild steatosis, 11 (7.3%) patients had
moderate steatosis and 2 (1.3%) patients had severe steatosis. CAP signi�cantly correlated with the
degree of steatosis from ultrasonography with a Spearman Rank correlation coe�cient of 0.42 (p<0.003)
(Figure 2).

            Among patients with NAFLD, 5 (10.4%) patents had signi�cant �brosis from LS criteria. Two
patients who were diagnosed cirrhosis from ultrasonography were referred to the liver clinic for further
investigation. The mean APRI score, but not the mean FIB-4 and NFS scores, was signi�cantly higher in
the NAFLD than the non-NAFLD groups. The mean NFS in the NAFLD group was -2.12 ± 1.21, which
signi�ed the absence of signi�cant �brosis [23, 25, 26].

Predicting factors of NAFLD by US and CAP criteria in HIV-infected patients

From univariate analysis, sex, age, BMI, systolic blood pressure, hemoglobin, percentage of CD4 cell,
creatinine, ALT, HDL, TG, HbA1c, percentage of fat and ASM/Ht2 by biological impedance analysis were
associated with NAFLD in this study population. From multivariate analysis, high BMI [odds ratio (OR)
1.596; 95% con�dence interval (CI), 1.336-1.907, p<0.001], triglyceride level more than 150 mg/dL [OR
3.722; 95% CI, 1.508-9.187, p<0.004] and advance age [OR 1.076; 95% CI, 1.017-1.139, p<0.011] were
independent predicting factors of NAFLD in HIV population, as shown in Table 5.

Discussion
The prevalence of NAFLD in HIV-infected patients who were on ART and without the history of viral
hepatitis infection, heavy alcohol drinking or other known chronic liver disease was 32%, which was
comparable to the results from the previous studies (35%-55%) [12, 14-16, 28, 29]. A recent meta-analysis
study of 10 moderate to low quality articles using different methods to assess hepatic steatosis
demonstrated that the prevalence of NAFLD was 35% (95%CI, 29-42) [14]. CAP at least 248 dB/m was
used to de�ne NAFLD in this study, similarly to the previous studies [15, 20]. However, using various
cutoffs values for NAFLD may lead to a wide range of prevalence of NAFLD in HIV-infected population
[16, 28, 30].
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In this study, the prevalence of signi�cant liver �brosis was 10.4% among HIV-infected patients with
NAFLD, which was lower than the results from the previous reports (15%-22%) [12, 14, 16]. The lower rate
of signi�cant liver �brosis may be related to the fewer number of patients with PI-based regimen use in
this study. From a previous study, patients who were on PI had increased risk of signi�cant �brosis [16].
PI may increase the risk of hyperlipidemia and diabetes by suppressing proteasome-mediated breakdown
of nascent apolipoproteins B, resulting in the overproduction of TG-rich lipoproteins and an increased risk
of insulin resistant by inhibiting glucose transporter 4 at adipose and muscle [31]. Therefore, PI may
increase the risk of liver steatosis and signi�cant �brosis. From this hypothesis, the duration of ART
should increase the risk of metabolic syndrome and NAFLD. However, the duration of ART was not found
to be a predicting factor for NAFLD in this study. 

To the best of our knowledge, our report is the �rst study to explore the prevalence of NAFLD in HIV-
infected patients in South-east Asia. Nevertheless, we acknowledge several limitations of this study.
Although TE with CAP and liver ultrasonography are non-invasive tools often used for assessing NAFLD
in clinics, they are not gold standard diagnostic tools. Liver biopsy, a gold standard histological
assessment, was not done to con�rm the diagnosis of NAFLD. There were some cases with diagnostic
discrepancy between the two tests. However, the accuracy of CAP in comparison with liver biopsy for the
evaluation of liver steatosis has been reported [20]. A recent meta-analysis study showed that the cut-off
value of CAP at 248 dB/m had the sensitivity and speci�city of 69.0% and 82% to detect NAFLD stage S1
(i.e. liver steatosis >5%) [20]. In addition, CAP values were correlated with degree of hepatic steatosis from
ultrasonography (Figure 2). In the settings that TE with CAP is not available, ultrasonography may be
used to detect hepatic steatosis with at least a moderate degree of liver fat deposit. This study is a cross-
sectional study from a single center that provides the standard care for HIV-infected patients.
Longitudinal study should be conducted for assessing the relationship between HIV infection and the
development of hepatic steatosis [32].

We also carried out biological impedance analysis to study body component of the study patients. We
suspected that HIV-infected patients may have sarcopenic obesity with low muscle mass in patients with
normal or high body weight. In contrast, the study results demonstrated the presence of copious muscle
mass correlating with increased body weight [33]. This could be due to a good standard care of HIV
patients.

From the results of our study, the independent predictors of NAFLD were high BMI, advance age, and
serum TG level higher than 150 mg/dL which are similar to the results from the previous studies [12, 14-
16, 28]. Screening for the presence of NAFLD in HIV patients who have these factors is useful for early
detection of NAFLD in these patients.

Conclusion
NAFLD is commonly found in HIV-infected patients receiving ART. Nevertheless, signi�cant �brosis is
relatively infrequent in the HIV infected population. High BMI, advance age and serum TG level above 150
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mg/dL appear to be the predicting factors of NAFLD. Types of ART regimen and duration of ART taking
are not associated with the presence of NAFLD. Screening for NAFLD by TE with CAP in HIV-infected
patients with these predicting factors should be recommended for early detection of NAFLD.
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Legends
Figure 1. Protocol �ow chart

 

Figure 2. Correlation between controlled attenuation parameter (CAP) and grading of hepatic steatosis
from ultrasonography

 

 

Table 1. Baseline characteristics and bioelectrical impedance analysis between non-alcoholic fatty liver
disease (NAFLD) and non-NAFLD groups

 

Table 2. History of anti-retroviral therapy (ART), opportunistic infection (OI) and family history of
metabolic conditions between non-alcoholic fatty liver disease (NAFLD) and non-NAFLD groups.
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Table 3. Laboratory data between non-alcoholic fatty liver disease (NAFLD) and non-NAFLD groups.

 

Table 4. Non-invasive hepatic steatosis and �brosis assessment between non-alcoholic fatty liver disease
(NAFLD) and non-NAFLD groups.

 

Table 5. Univariate and multivariate analysis for the factor associated with the presence of non-alcoholic
fatty liver disease (NAFLD).

Tables
Due to technical limitations, tables are only available as a download in the supplemental �les section
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Figure 1

Protocol �ow chart
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Figure 2

Correlation between controlled attenuation parameter (CAP) and grading of hepatic steatosis from
ultrasonography
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