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Abstract
With the availability of free antiretroviral therapy (ART) across India, HIV in adults has become a chronic disease with prolonged
survival. The emergence of various non-communicable diseases in these prolonged survivors is a cause of concern. Metabolic dys-
function-associated steatotic liver disease (MASLD) in adults with HIV infection in India has not been explored to date. In this study,
we attempted to assess the existence of MASLD in thirty adults registered at the Centre of Excellence in ART Care at a tertiary
teaching hospital in New Delhi. This center provides free first-line, second-line, and third-line ART to patients as well as compre-
hensive HIV care including counseling, nutritional advice, and inpatient admissions for intercurrent illnesses. A total of 30 subjects
were enrolled in the study to assess the occurrence ofMASLD among people livingwithHIV (PLHIV) and its risk factors and to assess
hepatic fibrosis in the subjectswithMASLDusing transient elastography and clinical fibrosis scores. The study population included 13
subjects on ART (43.3%) and 17 ART-naïve subjects (56.6%). All the study subjects underwent ultrasonography (USG) for the iden-
tification of the development of MASLD in them. Steatosis was identified as an increase in the echogenicity of the liver seen as an
increase in the hepatorenal contrast and was further graded into the 3 grades of fatty liver. Out of the 30 subjects, 16.6% (5 out
of 30) were found to have MASLD on USG, with grade 1 fatty changes seen in 4 (13.3%) and grade 2 fatty changes seen in 1 out
of 30 subjects (3.3%). Amajority (40%) of the subjects were underweight (bodymass index [BMI] < 18.5). 22.7% of themale subjects
included in the study had MASLD whereas none of the females had fatty changes in the liver on USG. Out of the study subjects,
MASLD was detected in 17.6% of ART-naïve subjects while it was detected in 15.4% of subjects on ART. Although no statistically
significant association was seen with any of these parameters, a few important trends were observed. These might be statistically
significant in a higher power study with a larger sample size. Higher BMI (mean difference [MD]= 3.25, P= .09), waist circumference
(MD= 3.84, P= .15), hip circumference (MD= 4.36, P= .14), and older age (MD= 6.56, P= .07) were observed to be associated
with MASLD in our study, whereas the biochemical parameters and HIV-related factors were not seen to have any particular
trend of association in our study. However, a highermedian CD4 count was associated withMASLD as compared to the groupwith-
out fatty changes onUSG.On FibroScan, all 5 subjectswith fatty changes in our studywere found to have liver stiffness less than 7 kPa
which corresponds to F0-F1 stage of fibrosis. Using the nonalcoholic fatty liver disease score, 2 subjects had scores corresponding to
F0-F2 stage of fibrosis (as perMETAVIR score)while the rest (3 out of 5) had indeterminate values.While on FIB4 scoring, 4 subjects
had scores suggesting stage 0-1 fibrosis while 1 had a score suggestive of stage 4-6 fibrosis as per Ishak Fibrosis staging. As PLHIVwith
known diabetes mellitus, obesity, and hypothyroidism were excluded from our study, the prevalence of MASLD observed in our
study underestimates the real prevalence of MASLD in this specific population. No significant association was observed between
ART status or ART regimen and MASLD in our study subjects. However, in light of the existing evidence of association of dolute-
gravir (DTG) with significant weight gain, and the recent inclusion of DTG in the first-line ART regimen nationally in India, robust
surveillance and large-scale studies are recommended to study the contribution of DTG to MASLD in PLHIV, if any.
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Introduction
Globally, 38.0 million people were living with HIV at the end of
2023. The “treat all” policy of the World Health Organization
(WHO)has helped increase antiretroviral therapy (ART) coverage
and access and, greatly diminish mortality in people living with
HIV (PLHIV). In 2019, 68% of adults and 53% of children
living with HIV globally were receiving lifelong ART. By June
2020, 26 million people were accessing ART, marking a 2.4%
increase from an estimate of 25.4 million at the end of 2019. By
comparison, treatment coverage increased by an estimated 4.8%
between January and June of 2019. Nearly 690 000 people died
of HIV-related illnesses in 2019, 60% fewer than in 2004 and
40% fewer than in 2010.1 HIV continues to be a major global
public health issue, having claimed almost 33 million lives so
far. However, with increasing access to effective HIV prevention,
diagnosis, treatment, and care, including for opportunistic infec-
tions,HIV infection has become amanageable chronic health con-
dition, enabling PLHIV to lead long and healthy lives. The
increased life expectancy of PLHIV due to the early ART initia-
tion has led to emergence of non-communicable diseases
(NCDs) like hypertension, cardiovascular diseases, and liver
disease as important contributors to morbidity and mortality in
this population. The increased incidence of obesity, insulin resis-
tance, dyslipidemias, andmitochondrial dysfunction are all attrib-
utable to both the HIV infection itself and combination
antiretroviral therapy (cART) and are the main drivers behind
the increased incidence of NCDs in PLHIV. The proportion of
deaths caused by liver-related causes has increased between
8-fold and 10-fold in the post-antiretroviral treatment (ART) era
whereas AIDS-related mortality has fallen more than 90-fold.1

The pathogenesis of metabolic dysfunction-associated steatotic
liver disease (MASLD) earlier called nonalcoholic fatty liver
disease (NAFLD) in individuals with HIV infection includesmet-
abolic syndrome, hyperuricemia, HIV-related lipodystrophy,
genetic polymorphisms, medications, HIV itself, and the gut
microbiome. The prevalence of MASLD in persons with HIV
infection ranges from 30% to 65% depending on the modality
of diagnosis.2 In fact, due to the introduction of effective therapies
against viral hepatitis and the increasing rates of obesity in many
Asian as well as Western countries, it is likely that fatty liver
disease will become the leading cause of liver cirrhosis in
HIV-infected patients. A deeper understanding and identification
of the associated modifiable risk factors, both traditional and
HIV-specific, may be highly beneficial in reducing the incidence
of this spectrum of liver disease and greatly improving the quality
of life of PLHIV. The prevalence of MASLD worldwide in
HIV-uninfected population has been estimated to be 25%
(9.3%-31%),3 while the prevalence in populations with HIV has

been estimated to be 35%.2 MASLD represents an important
risk factor for the development and progression of liver disease,
and with the availability of effective hepatitis B and C antiviral
medications, it is conceivable that MASLD could become the
most prominent liver disease affecting individuals with HIV in
the future. It is foreseen that the burden of MASLD on morbidity
andmortality is higher indeveloping countries like India due to the
lack of economic resources for screening and diagnosis. Added to
that, the prevalence of metabolic syndrome and obesity is rapidly
rising in the Asian population.3 However, there are limited studies
in the Indian population assessing the prevalence and risk factors
associated with MASLD in PLHIV. Hence, this study is of great
importance to assess the burden of MASLD in PLHIV in the
Indian population. This will help in planning and executing inter-
ventions designed for overall reduction inmorbidity andmortality
due to liver disease in PLHIV.

Methods

Study Design and Setting
This study was conducted in the Department of Medicine and
ART center in a large teaching public hospital in New Delhi,
India.

This study was done to assess the occurrence of MASLD
among PLHIV. Assessment of hepatic fibrosis among PLHIV
with MASLD using transient elastography and clinical fibrosis
score was done. In addition, the risk factors associated with
MASLD in these subjects were determined. These patients
were enrolled at a Centre of Excellence in HIV Care affiliated
with a tertiary-level teaching hospital in North India and were
receiving free highly-active antiretroviral therapy. It was a
cross-sectional study conducted for a period of 1 year. Since
this was a pilot study, a convenience sample of 30 subjects
was chosen. Subjects were screened for eligibility using the fol-
lowing criteria and consecutive subjects who consented to par-
ticipate were enrolled.

Inclusion Criteria

1. Confirmed HIV infection.
2. Age: 18 years or more.

Exclusion Criteria

1. History of alcohol consumption >140 g/week for men
and >70 g/week for women.

2. Subjects who were HBsAg-positive
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3. Subjects who were anti-HCV antibody-positive
4. Any other known cause of liver disease, eg, autoim-

mune hepatitis
5. Obese subjects, those with known diabetes mellitus,

hypothyroidism
6. Pregnancy and/or lactation.

Methodology
All enrolled study subjects were subjected to the following
assessments:

Socio-Demographic Assessment: This included assessment
of age/date of birth, gender, education, occupation, socio-
economic status using the Modified Kuppuswamy scale, state
of residence (urban or rural), marital status using a predeter-
mined proforma.

Clinical Evaluation:Detailed clinical history was taken from
all subjects. This included history of time of diagnosis of HIV,
route of transmission, opportunistic infection-related history,
ART details, known history of any liver disease or any systemic
illness known to cause liver disease, history of intake of alcohol
and other hepatotoxic drugs. A complete clinical assessment
was performed, including measurements of blood pressure,
weight, height, body mass index (BMI), and waist and hip cir-
cumference. A detailed general physical and systemic examina-
tion was done in all subjects.

Laboratory Investigations: All study subjects underwent the
following investigations: hemogram and platelet count, liver
function tests (alanine transaminase (ALT), aspartate transami-
nase (AST), bilirubin, alkaline phosphatase), serum albumin,
fasting blood sugar, HbA1c, fasting lipid profile (total cholesterol,
low-density lipoprotein [LDL] cholesterol, triglycerides [TGs]).
CD4 count and viral load was also obtained in all patients.

Assessment for MASLD: All study subjects underwent the
following assessment for MASLD. Ultrasonography (USG)
(abdomen)—a curvilinear probe (3-5 MHz) or sector transducer
was used to scan the liver. The liver was scanned to its entire
extent from the dome of the diaphragm to the inferior
margins and from lateral to the medial margins. Fatty liver is
seen as an increased echogenicity of the liver parenchyma.
Further grading of hepatic steatosis was done to study the
extent of fatty changes.

Grade 1: Diffusely increased echogenicity but periportal and
diaphragmatic echogenicity is still appreciable.

Grade 2: Diffusely increased echogenicity obscuring peri-
portal echogenicity but diaphragmatic echogenicity is still
appreciable.

Grade 3: Diffusely increased echogenicity obscuring peri-
portal as well as diaphragmatic echogenicity.

Assessment for Fibrosis:All study subjects found to have fatty
liver on USG underwent the following assessment for fibrosis.

1. Transient Elastography:Using the EchoSens FibroScan
430 mini plus, the liver was assessed for severity of
fibrosis. Liver stiffness is evaluated by measuring the

velocity of a vibration wave (also called a shear wave)
generated on the skin. Because fibrous tissue is harder
than normal liver, the degree of hepatic fibrosis can be
inferred from the liver hardness. A minimum of 10
valid readings, with at least 60% success rate and an
interquartile range of less than or equal to 30% of the
median value, are taken with the results expressed in
kilopascals (kPa) and then the average is taken.

Interpretation: Liver Stiffness Fibrosis Severity
(based on Brunt score)

<7 kPa F0-F1
7-8.7 kPa F2
>8.7-10.3 kPa F3
>10.3 kPa F4

2. Clinical Scores:
A) NAFLD score4—The score is calculated as
NAFLD score=−1.675+ (0.037 × age [years])+
(0.094 × BMI [kg/m2])+ (1.13 × IFG/diabetes [yes
= 1, no= 0])+ (0.99 × AST/ALT ratio)− (0.013 ×
platelet count [×109/L])− (0.66 × albumin [g/dl]).
It was done using the NAFLD score calculator
(https://www.mdcalc.com/nafld-non-alcoholic-fatty-
liver-disease-fibrosis-score).

Interpretation:
NAFLD Score Fibrosis Severity
<−1.455 F0-F2
−1.455 to 0.675 Indeterminate Score
>0.675 F3-F4
Fibrosis Severity Scale (meta-analysis of histological data in

viral hepatitis [METAVIR] scoring)
F0 no fibrosis
F1 mild fibrosis
F2 moderate fibrosis
F3 severe fibrosis
F4 cirrhosis

B) FIB4 score5—The score is calculated as FIB-4 score=
(age×AST)/(platelets×√(ALT)

It was done using the FIB4 score calculator (https://www.
mdcalc.com/fibrosis-4-fib-4-index-liver-fibrosis).

Interpretation:
FIB4 score approximate fibrosis stage (based on Ishak fibro-

sis staging)
<1.45 0-1
1.45-3.25 2-3
>3.25 4-6

Statistical Analysis
The data was entered in MS Excel spreadsheet and analysis was
done using Statistical Package for Social Sciences (SPSS)
version 25.0. For normally distributed continuous data, mean
± SD were calculated. For others that were not normally distrib-
uted, non-parametric tests were applied. The normality of data

Ram et al. 3

https://www.mdcalc.com/fibrosis-4-fib-4-index-liver-fibrosis
https://www.mdcalc.com/fibrosis-4-fib-4-index-liver-fibrosis
https://www.mdcalc.com/fibrosis-4-fib-4-index-liver-fibrosis
https://www.mdcalc.com/fibrosis-4-fib-4-index-liver-fibrosis
https://www.mdcalc.com/fibrosis-4-fib-4-index-liver-fibrosis
https://www.mdcalc.com/fibrosis-4-fib-4-index-liver-fibrosis


was tested using the Kolmogorov-Smirnov test. Qualitative var-
iables were correlated using the chi-square test/Fisher’s exact
test. A P-value of <.05 was considered statistically significant.

Results
The results are presented in the following section.

All subjects included in the study were above 18 years of age.
The mean age of the subjects was 33.36± 7.95 years (range
18-54 years). Maximum number of subjects were in the 31-40
years age group (46.7%). In the study population of 30 subjects,
22 (73.3%) were male and 8 (26.7%) were female. All subjects
were literate, 85% had finished high school. The remaining
15% were graduates or with higher education. Forty percent
were semi-skilled workers and 35% were skilled workers, the
rest were unemployed. The majority of the subjects were resi-
dents of urban areas and belonged to the upper-lower socioeco-
nomic class as per the modified Kuppuswamy scale.

Route of Transmission
The self-perceived risk of HIV acquisition was enquired from
all study subjects. The most common known route of HIV
transmission was heterosexual route in 16 out of 30 (53.3%).
The routes of transmission are shown in Figure 1.

The study population included 13 subjects on ART (43.3%)
and 17ART-naïve subjects (56.6%). Out of the 13 study subjects,
5 (38.4%) were on tenofovir, lamivudine, and efavirenz (TLE)
regimen and 4 (30.8%) were on tenofovir, lamivudine, and dolu-
tegravir (TLD) regimen, while the other 4 patients were on
second- or third-line regimens. The distribution of ART regimen
in the study subjects has been summarized in Table 1.

The mean BMI (kg/m2) of the study population was 20.77±
3.84 kg/m2. A majority (40%) of the subjects were underweight
[BMI <18.5]. 30%of the study subjects were overweight/obese
as per the Asian standards [BMI >22.9]. The BMI of the study
subjects is summarized in Table 2.

Staging of the HIV infection was done in all the study sub-
jects at study enrollment by using the WHO clinical staging
system. The clinical stages identified are depicted in Table 3.

All patients underwent USG abdomen and fatty liver was
detected in 5 out of 30 (17%) cases.22.7% of the male subjects
included in the study had MASLD whereas none of the females
had fatty changes in the liver on USG. Four out of 5 had Grade 1
fatty liver and one had Grade 2 fatty liver. No patient had Grade
3 fatty liver.

Out of the subjects who had MASFLD, 40% had stage I/II
disease and 60% had stage III/IV disease. Out of the study

Figure 1. Routes of transmission of HIV in the subjects.

Table 2. BMI in the study subjects.

BMI category No. %

<18.5 kg/m2 12 40.0
18.5-22.9 kg/m2 9 30.0
23.0-24.9 kg/m2 6 20.0
25.0-29.9 kg/m2 3 10.0
Total 30

Table 1. ART regimen in recruited subjects.

ART regimen No. %

TLD 4 30.8
TLE 5 38.4
RAL+ LPV/r 2 15.4
T L+ATV/r 1 7.7
Z L+ATV/r 1 7.7
Total 13

RAL, raltegravir; LPV/r, Lopinavir / ritonavir; TL, Tenofovir + Lamivudine; ATV/r,
Atazanavir / ritonavir; ZL, Zidovudine + Lamivudine.

Table 3. WHO clinical stage in the study subjects.

WHO clinical stage No. %

Stage I 5 16.6
Stage II 9 30.0
Stage III 9 30.0
Stage IV 7 23.3
Total 30
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subjects, MASLD was detected in 17.6% of ART-naïve sub-
jects while it was detected in 15.4% of subjects on ART. The
association of fasting blood glucose with MASLD was
checked in the study population. Impaired fasting glucose
(IFG) was defined as a fasting blood glucose of 100-125 mg/
dL. The findings have been described in Table 4.

We analyzed 20 parameters for association with MASLD in
the study subjects, including 13 biochemical parameters and
some anthropometric measures. Although no statistically signif-
icant association was seen with any of these parameters, a few
important trends were observed. These might be statistically
significant in a higher power study with a larger sample size.
Higher BMI (mean difference [MD]= 3.25, P= .09), waist cir-
cumference (MD= 3.84, P= .15), hip circumference (MD=
4.36, P= .14), and older age (MD= 6.56, P= .07) were
observed to be associated with MASLD in our study, whereas
the biochemical parameters and HIV-related factors were not
seen to have any particular trend of association in our study.
However, a higher median CD4 count was associated with
MASLD as compared to the group without fatty changes on
USG. This comparison is summarized in Table 5.

Fibrosis in MASLD
The study subjects with MASLD on USG underwent assess-
ment for hepatic fibrosis. Hepatic fibrosis was assessed using
transient elastography and clinical fibrosis predictive scores. 2
scores were utilized in our study (FIB4 score and NAFLD
score). The prevalence of fibrosis and its grading on each
modality has been described in the following tables (Tables
6–8).

Tables 9 and 10 depict the assessment of the subjects with
MASLD and a comparison of the 2 scoring systems.

Discussion
The present study assessed the prevalence of MASLD in 30
PLHIV attending a public ART center, the extent of hepatic
fibrosis in those affected, and the risk factors associated with
the development of MASLD. PLHIV with HBV/HCV coinfec-
tion, any known liver disease, a significant history of alcohol
intake (defined as >140 g/week for men and >70 g/week for
women), obesity, and known diabetes mellitus and hypothy-
roidism were excluded from the study as we wanted to study
the prevalence of MASLD directly related to HIV infection
only. In our study, the mean age of the subjects was 33.63±
7.95 years (range 18-54 years) and 73.3% were male. The
majority of the subjects were residents of urban areas and

belonged to the upper-lower socioeconomic class as per the
modified Kuppuswamy scale. This is the usual profile of
PLHIV accessing services through the ART centers in the
national program—predominantly young, urban, upper lower
socio-economic class.

The mean BMI of the study subjects was 20.77± 3.84 kg/m2

and 40% were underweight (BMI <18.5 kg/m2). Anand et al
conducted a study to assess the anthropological and nutritional
profile of PLHIV in India in 2014 and had similar observations,
with a mean BMI of 19.73± 3.55 kg/m2 and 40% were under-
weight.6 This is in stark contrast to the PLHIV population of the
US where the data from NHANES 2003-2014 showed a mean
BMI of 34.3± 2.3 kg/m2 among HIV-infected women and 26.2
± 0.7 kg/m2 among HIV-infected men.7 This reflects the prev-
alence of undernutrition among PLHIV in India. The reasons
for this are manifold: lack of knowledge about a balanced
diet, traditional low-protein diet, low socioeconomic status,
food insecurity, psychosocial issues, social abuse or neglect
by family, and the effect of HIV infection itself.

The study population comprised both ART naïve PLHIV
and PLHIV receiving ART. Out of the subjects on ART,
69.2% were on first-line regimen and the rest were on other
second-/third-line ART regimen. This high proportion of
PLHIV on second and third-line ART regimen among the
study subjects is possibly explained by the fact that our ART
center is a designated Centre of Excellence in HIV Care
where subjects are referred from all over North India for the ini-
tiation of second- and third-line ART regimen. Further, patients
on second-line and third-line regimens would have been on
ART for longer periods of time and hence an association
between ART duration and MASLD could also be assessed.

All the study subjects underwent a USG for the identification
of the development of MASLD in them. Steatosis was identified
as an increase in the echogenicity of the liver seen as an increase
in the hepatorenal contrast and was further graded into the 3
grades of fatty liver. Out of the 30 subjects, 16.6% (5 out of
30) were found to have MASLD on USG, with grade 1 fatty
changes seen in 4 (13.3%) and grade 2 fatty changes seen in
1 out of 30 subjects (3.3%).

A meta-analysis of MASLD in PLHIV by Maurice et al
described the prevalence of MASLD in PLHIV to be 35%.8

Studies done in different parts of the world have described the
prevalence of MASLD as varying from 28.8% to 48%.8 A study
performed in Canada by Vuille Lessard et al showed a 48% prev-
alence of MASLD in PLHIV on transient elastography, whereas
studies done in Italy and Spain showed a prevalence of 36.9%
and 40% respectively with computerised tomography (CT) used
as the modality of diagnosis.9–11 A Chinese study using magnetic
resonance spectrometry as the modality for diagnosis, described
the prevalence of MASLD in PLHIV to be 28.8%, whereas a
similar study in the Japanese PLHIV population used USG as
the modality and observed the prevalence to be 31%.12,13

Multiple factors can explain the relatively lower prevalence
of MASLD seen in our study as compared to the observations
by others. Firstly, most of the studies included in the meta-
analysis used CT, biopsy, or transient elastography as the

Table 4. Association of IFG with MASLD.

IFG No MASLD MASLD present Total P-value

No 20 2 22 .10
Yes 5 3 8
Total 25 5
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diagnostic modality, which have much higher sensitivity as
compared to USG for the detection of MASLD in the patients.8

Another major factor was the exclusion of patients with tradi-
tional risk factors for MASLD such as obesity, diabetes melli-
tus, and hypothyroidism in this study which have well-known
association with the development of MASLD and metabolic
syndrome. In the present study, we wanted to estimate the prev-
alence of MASLD that can be directly attributed to HIV infec-
tion in the study subjects by excluding those with known risk
factors. If we had recruited subjects without excluding these
risk factors, the prevalence of MASLD in our population
would also have been higher. To the best of our knowledge,
there are no published studies assessing the prevalence of
MASLD among PLHIV in India. However, there are studies
describing the prevalence of MASLD in the Indian general pop-
ulation. Amarapurkar et al evaluated 1168 study subjects with
an USG to study the prevalence of MASLD in the Indian pop-
ulation and found it to be 16.6%.14 Similar studies conducted in
the eastern coastal India and southern India found the preva-
lence of MASLD to be 24.5% and 32%, respectively.15,16

The socio-demographic, anthropological, clinical, and
immunological parameters that predicted MASLD in PLHIV
were assessed in our study. As the study subjects were only
30, the study may not be powered enough to obtain meaningful
statistical associations. Still, an attempt was made to assess the
risk factors associated with MASLD. All 5 subjects, who were
detected to have MASLD on USG, were male. As per existing
data, the overall prevalence of MASLD appears to be higher in
men, however, the prevalence of NASH with more advanced
stages of fibrosis appears to be somewhat higher in women.17

Differential rates of disease progression resulting in an
increased risk of severe fibrosis in post-menopausal women
compared to men are possibly attributed to loss of the protective
effects of estrogen against fibrogenesis.18

The mean BMI of subjects with MASLD was higher (23.48
± 4.38 kg/m2) compared to those without MASLD (20.23±
3.58 kg/m2). The same was seen for the mean weight
(61.40 kg vs 51.56 kg), waist circumference (76.24 cm vs

72.40 cm), and hip circumference (102.60 cm vs 98.24 cm).
Though these differences were large, however, none of these
parameters achieved statistical significance, owing probably
to the small sample size. Maurice et al described a significant
association of MASLD with high BMI (MD= 2.92), waist cir-
cumference (MD= 8.05), and type 2 diabetes mellitus (OR=
1.61) in their meta-analysis of MASLD in PLHIV.8

This observation reflects the important role of obesity, insulin
resistance, and adipose tissue-mediated cytokines in the pathogen-
esis and development of MASLD. The proposed mechanisms are
the imbalance of adipose-derived signals secondary to increased
adipose tissue, especially decreased adiponectin levels, leading
to increased free fatty acids (FFA) supply due to increased lipol-
ysis from both visceral/subcutaneous adipose tissue and/or
increased intake of dietary fat, decreased FFA oxidation,
increased de novo hepatic lipogenesis and decreased hepatic
very low-density lipoprotein-TG secretion. These mechanisms
lead to the accumulation of various lipids (predominantly
TGs) in the liver resulting in hepatic steatosis. This association
is very crucial, especially in light of the increased incidence of
weight gain and obesity observed with the newer ART regimen,
especially with dolutegravir (DTG) and tenofovir alafenamide
(TAF). Only recently our national program has transitioned to
a DTG-based first-line ART for all PLHIV. We need robust sur-
veillance systems to monitor weight gain on DTG (if any) in our

Table 6. Fibrosis stage based on FIB4 score (ISHAK fibrosis staging)
in MASLD subjects.

Fibrosis stage No. %

Stage 0-1 4 80.0
Stage 2-3 0 0.0
Stage 4-6 1 20.0
Total 5

Table 7. Fibrosis stage based on NAFLD score in MASLD patients.

METAVIR fibrosis stage based on NAFLD score No. %

Stage F0-F2 2 40.0
Indeterminate 3 60.0
Stage F3-F4 0 0.0
Total 5

Table 8. Fibrosis stage based on FibroScan in MASLD patients.

Fibrosis stage Liver stiffness (kPa) No. %

F0-F1 <7 5 100
F2 >7-8.7 0 0
F3 >8.7-10.3 0 0
F4 >10.3 0 0

Table 9. Assessment of subjects with MASLD for fibrosis using FIB4
score, NAFLD score, and FibroScan (N= 5).

FIB4 score (Ishak
score)

NAFLD score (METAVIR
score) FibroScan

Stage No. (%) Stage No. (%) Stage No. (%)

0-1 4 (80%) F0-F2 2 (40%) F0-F1 5 (100%)
2-3 0 Indeterminate 3 (60%) F2 0
4-6 1 (20%) F3-F4 0 F3 0

F4 0

Table 10. Proposed comparison between ISHAK staging and
METAVIR scoring of hepatic fibrosis.

ISHAK fibrosis stage METAVIR score

0-1 F0-F1
2-3 F2
4-5 F3
6 F4

Ram et al. 7



population. No significant association was seen between ART
status and MASLD in our study subjects. 15.4% of the subjects
on ART hadMASLD while 17.6% of the ART-naïve study sub-
jects had MASLD (P= 1.0). Duration of ART, duration since
HIV diagnosis, and WHO clinical stage of the disease also
did not have any association with MASLD in the study subjects.
Similar results were obtained in the meta-analysis by Maurice
et al8 In the study conducted by Nishijima et al in Japan, 435
Asians with HIV infection were analyzed for the association
of MASLD with both traditional and HIV-related risk factors.
Multivariate analysis showed that no HIV-specific variables,
including treatment with dideoxynucleoside analogs (didano-
sine, stavudine, and zalcitabine) and cumulative duration of
ART, were associated with MASLD.12

The association of CD4 count with MASLD was also
assessed in our study. The median CD4 in the subjects with
MASLD was 489 cells/mm3 whereas the subjects without
MASLD on USG had a median CD4 count of 275 cells/mm3.
This observation, although statistically insignificant (P= .22),
is consistent with other published studies assessing the parame-
ter. In a study conducted by Guaraldi et al, the mean CD4 count
in the subjects with MASLD was 585.9 cells/mm3 as compared
to 509.1 cells/mm3 in the subjects without MASLD.11Similarly,
higher CD4 counts were observed in PLHIV with MASLD as
compared to those without MASLD in studies conducted by
Lui et al (551 vs 483 cells/mm3) and Nishijima et al (421 vs
343 cells/mm3).13 The role of ART in the development of
MASLD is still controversial given the contrasting results of
various studies. Several antiretroviral drugs cause unfavorable
metabolic changes such as dyslipidemia and insulin resistance.
Nucleoside/Nucleotide Reverse Transcriptase Inhibitors
(NRTIs) cause metabolic disturbances by inhibiting the replica-
tion of the mitochondrial DNA by binding to intramitochondrial
polymerase gamma, leading to impairment of oxidative phos-
phorylation promoting the formation of reactive oxygen
species and subsequently, mitochondrial injury.19 Another
class of ARTs, protease inhibitors (PIs), especially the early gen-
eration PIs, also display an unfavorable metabolic profile with an
increased risk for insulin resistance and dyslipidemia.

The recent inclusion of DTG in the first-line ART regimen
worldwide merits special attention in this context as DTG is
well known to cause significant weight gain. In the
ADVANCE trial, mean weight gain in the DTG-containing
regimen was 7.1 kg when combined with TAF and 4.3 kg
when combined with TDF, as compared to 2.3 kg in the group
on TLE regimen, and was greater among women than men.20

The viral suppression achieved with DTG, the high genetic
barrier to resistance, and its side effect profile are remarkable
upgrades over efavirenz and other non nucleoside reverse tran-
scriptase inhibitors as the incidence of drug-induced liver
disease and neuropsychiatric events are much lower with DTG.
However, the increased weight gain and the higher association
with obesity and insulin resistance leading to the development
of T2DM can indirectly lead to increased development of
MASLD and increased cardiovascular mortality. To gauge this
effect, more large-scale cohort studies need to be conducted.

Several biochemical parameters including hemoglobin,
TLC, platelet count, ALT, AST, serum protein, serum
albumin, international normalised ratio, total cholesterol,
LDL, high-density lipoprotein (HDL), and serum TG levels
were analyzed for association with MASLD in the study sub-
jects. None of them had a statistically significant association
with the development of MASLD. IFG was also analyzed for
association with the development of MASLD. 37.5% of the
subjects with IFG had MASLD whereas only 9% of the subjects
without IFG had fatty changes. This is a significant observation
though this difference was not statistically significant, probably
due to the small size of the group with IFG (P= .10). IFG rep-
resents a component of metabolic syndrome and is often an
early sign of insulin resistance. High fasting glucose level
was seen to be an independent risk factor with a statistically sig-
nificant association with MASLD in PLHIV by Maurice et al.8

A study by Jimba et al studied the association of MASLD with
fasting plasma glucose (FPG) levels in the Japanese population.
The prevalence of MASLD increased with increasing FPG
levels: 27% in the subgroup with normal fasting glucose,
43% in IFG, and 62% in newly diagnosed diabetes.21

Fibrosis
In our study, the subjects who were detected to have fatty
changes on USG were then assessed for fibrosis.
Identification and quantification of fibrosis are clinically impor-
tant because fibrosis correlates with clinical outcomes. The indi-
viduals with MASLD were assessed for hepatic fibrosis using
both clinical scores and transient elastography.

There are multiple clinical scoring systems to predict hepatic
fibrosis. We have included NAFLD score and FIB4 score in our
study to assess the subjects for fibrosis based on clinical and
laboratory parameters. Both scoring systems have shown
promise in identifying advanced fibrosis in MASLD patients
with fairly high accuracy.22,23 Cut-offs established based on
results of previous studies comparing the scoring systems
with liver biopsy findings have been used to maximize the pos-
itive and negative predictive values.

Transient elastography is one of the best radiological modal-
ities to detect advanced hepatic fibrosis. Liver stiffness is eval-
uated by measuring the velocity of a vibration wave (also called
a shear wave) generated on the skin. Because fibrous tissue is
harder than normal liver, the degree of hepatic fibrosis can be
inferred from the liver hardness. The cut-offs corresponding
to different grades of hepatic fibrosis on liver biopsy have
been established for specific liver diseases. The cut-off values
for liver stiffness on FibroScan in MASLD have been accepted
from the study by Wong et al in 2010 which corresponds to the
Brunt score of hepatic fibrosis on biopsies.24

On FibroScan, all 5 subjects with fatty changes in our study
were found to have liver stiffness less than 7 kPa which corre-
sponds to F0-F1 stage of fibrosis.

Using the NAFLD score, 2 subjects had scores correspond-
ing to F0-F2 stage of fibrosis (as per METAVIR score) while
the rest (3 out of 5) had indeterminate values. While on FIB4
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scoring, 4 subjects had scores suggesting stage 0-1 fibrosis
while 1 had a score suggestive of stage 4-6 fibrosis as per
Ishak Fibrosis staging (Table 9). The proposed comparison
between Ishak fibrosis stages and METAVIR scoring has
been shown in Table 10.

To summarize, MASLD is an important disorder and is part
of the spectrum of metabolic diseases and NCDs that are on the
rise in PLHIV. As the burden of Opportunistic infections is
reducing among PLHIV with earlier initiation of ART, NCDs
are emerging as significant contributors to the overall morbidity
and mortality in these patients. With increasing life span due to
effective ART, the burden of NCDs is escalating. Even among
developing and resource-constrained nations, the most impor-
tant cause of mortality among PLHIV is now NCDs. The
unique metabolic milieu of the PLHIV—chronic inflammation,
insulin resistance, metabolic abnormalities, and long-term ART
—all play a part in the development and progression of NCDs.

MASLD is an important metabolic disease among these. In
light of the existing literature and the above observations, we
emphasize that MASLD in PLHIV is an understudied clinical
entity that greatly contributes to the overall mortality and mor-
bidity in the HIV-infected population.

MASLD contributes directly to mortality secondary to liver
disease through progression to cirrhosis and end-stage liver
disease, as well as increases cardiovascular mortality due to
the associated features of insulin resistance and metabolic syn-
drome. A noteworthy point to understand is that if detected
early, timely interventions in the diet and lifestyle along with
the available pharmacological therapeutic options can drasti-
cally help in decelerating the progression of liver disease and
the onset of fibrosis leading to a cascading decrease in
mortality.

Studies on MASLD are yet lacking in our country. Ours is
among the first Indian studies to systematically study
MASLD among PLHIV. Hence, there is a dearth of data on
the exact burden and impact of the disease in the Indian
PLHIV. It is imperative that larger, multicenter studies across
ART centers in India should be done to understand the extent
of the problem. The national program must now focus its atten-
tion on ameliorating NCDs among PLHIV and develop strate-
gies for the screening, diagnosis, and management of these
conditions among them.

What This Study Adds

• As PLHIV with known diabetes mellitus, obesity, and
hypothyroidism were excluded from our study, the prev-
alence of MASLD observed in our study underestimates
the real prevalence of MASLD in this specific
population.

• The prevalence of MASLD in PLHIV in our study was
16.6%. This is a large number, considering the exclusion
criteria of other predisposing conditions like obesity,
T2DM, hypothyroidism, and concurrent hepatitis B/C.
This underscores the requirement of a screening strategy

as part of the national program for PLHIV to detect
MASLD early.

• However, in light of the existing evidence of association
of DTG with significant weight gain, and the recent
inclusion of DTG in the first-line ART regimen nation-
ally, robust surveillance and large-scale studies are rec-
ommended to study the contribution of DTG to
MASLD in PLHIV, if any.
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