1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

WEALTY 4
of %,

SERVIC

A
u
Yeyvaaa

/ HHS Public Access

Author manuscript
Dig Dis Sci. Author manuscript; available in PMC 2023 February 01.

Published in final edited form as:
Dig Dis Sci. 2022 February ; 67(2): 676-688. doi:10.1007/510620-021-06860-3.

Performance of Serum-Based Scores for Identification of Mild
Hepatic Steatosis in HBV Mono-infected and HBV-HIV Co-
infected Adults

Richard K. Sterling?, Wendy C. King?, Mandana Khalili3, David E. Kleiner?, Amanda

S. Hinerman?, Mark Sulkowski®, Raymond T. Chung®, Mamta K. Jain’, M auricio Lisker-
Melman8, David K. Wong?, Marc G. Ghany* THE HBV-HIV Cohort Study of the Hepatitis B
Research Network

1Section of Hepatology, Virginia Commonwealth University, 1200 E Broad Street, West Hospital,
Rm 1478, Richmond, VA 23298-0341, USA

2Department of Epidemiology, Graduate School of Public Health, University of Pittsburgh,
Pittsburgh, USA

SUniversity of California San Francisco, San Francisco, USA
4National Institutes of Health, Bethesda, USA

5Johns Hopkins University, Baltimore, USA

6Massachusetts General Hospital, Boston, USA

’UT Southwestern Medical Center, Dallas, USA
8Washington University School of Medicine, St. Louis, USA

9University Health Network, Toronto, Canada

Abstract

Background—There are limited data on noninvasive methods to identify hepatic steatosis in
coexisting hepatitis B virus (HBV) infection.
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Aims—To evaluate the diagnostic performance of noninvasive serum-based scores to detect
steatosis using two distinct chronic HBV cohorts with liver histology evaluation.

Methods—Chronic HBV cohorts with untreated HBV mono-infection (A = 302) and with treated
HBV-HIV (V= 92) were included. Liver histology was scored centrally. Four serum-based scores
were calculated: hepatic steatosis index (HSI), non-alcoholic fatty liver disease Liver Fat Score
(NAFLD-LFS), visceral adiposity index (\VAI), and triglyceride glucose (TyG) index. Optimal
cutoffs (highest sensitivity + specificity) to detect = 5% HS, stratified by cohort, were evaluated.

Results—HBV-HIV (vs. HBV mono-infected) patients were older (median 50 vs. 43 years),

and a higher proportion were male (92% vs. 60%), were black (51% vs. 8%), had the metabolic
syndrome (41% vs. 25%), and suppressed HBV DNA (< 1000 1U/mL; 82% vs. 9%). Applying
optimal cutoffs, the area under the receiver operator curve for detecting = 5% steatosis in HBV-
only and HBV-HI1V, respectively, was 0.69 and 0.61 for HSI, 0.70 and 0.76 for NAFLD-LFS, 0.68
and 0.64 for TyG, and 0.68 and 0.69 for VVAI. The accuracy of optimal cutoffs ranged from 61%
(NAFLD-LFS) to 67% (TyG) among HBV-only and 56% (HSI) to 76% (NAFLD-LFS) among
HBV-HIV. Negative predictive values were higher than positive predictive values for all scores in
both groups.

Conclusion—The relative utility of scores to identify steatosis in chronic HBV differs by
co-infection/anti-HBV medication status. However, even with population-specific cutoffs, several
common serum-based scores have only moderate utility. ClinicalTrials.gov NCT01924455.

Keywords
Steatosis; Noninvasive; HBV; HBV-HIV

Introduction

Nonalcoholic fatty liver disease (NAFLD) is one of the most common causes of chronic
liver disease in the USA [1] and worldwide [2]. In addition to independently increasing

the risk of hepatic decompensation and hepatocellular carcinoma (HCC) [3-5], NAFLD
contributes to the overall morbidity and mortality associated with other liver diseases,

such as chronic hepatitis B virus (HBV) [6]. NAFLD and its hallmark, hepatic steatosis,
which affects over one-fourth of adults with chronic HBV in North America [7, 8], are
associated with elevated alanine aminotransferase (ALT) levels in adults with chronic HBV
[7-10] independent of HBV infection. In addition, hepatic steatosis has been associated with
systemic inflammation [11, 12], cardiovascular disease [13-16], and atherosclerosis [17].
Therefore, identification of hepatic steatosis in those with chronic HBV, i.e., over 2 million
children and adults in North America [18] and over 250 million worldwide [19], is important
for informing appropriate management of this population. For example, anti-HBV treatment
would not be indicated for high ALT with low HBV viral replication if the elevated ALT is
caused by hepatic steatosis and not HBV-related hepatocellular damage.

Although assessment of liver histology is optimal for evaluation of coexisting hepatic
steatosis in the context of HBV, due to the invasiveness of liver biopsy, noninvasive tests
(i.e., imaging and serum-based algorithms) to identify steatosis have received increased
attention over the last decade. Imaging-based tests for steatosis include B-mode ultrasound
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(US), continuous attenuated parameter (CAP) as part of vibration controlled transient
elastography (VCTE), and magnetic resonance (MR) imaging and spectroscopy techniques.
B-mode US, used as part of hepatocellular carcinoma (HCC) surveillance, is unable to
accurately detect mild-moderate hepatic steatosis (< 20-30%) [20, 21]. CAP and MRI

have better performance across the spectrum of hepatic steatosis severity. However, they
are not widely available and increase the cost of care [22-24]. In addition, other imaging-
based methods of elastography, such as shear wave elastography (SWE), do not provide
steatosis assessment. Serum-based algorithms, which may include demographic and clinical
variables, such as sex, body mass index (BMI), waist circumference (WC), diabetes and
metabolic syndrome, and laboratory variables, such as aspartate aminotransferase (AST),
ALT, glucose, insulin, triglycerides, and high-density lipoprotein (HDL) cholesterol [16,
25-31], have the advantage of broader applicability and can be incorporated into clinical
practice in a variety of settings, including primary care settings, with minimal expense.

Popular serum-based algorithms for hepatic steatosis include the hepatic steatosis index
(HSI) [17, 27, 32-34], the nonalcoholic fatty liver disease Liver Fat Score (NAFLD-LFS)
[34-36], visceral adiposity index (VAI), and the triglyceride glucose index (TyG index)

[34, 37-41]. It is important to note, however, that of these four scores, only the HSI has
been tested in HBV [32] and some of these scores have only been evaluated in relation to
histology-determined hepatic steatosis in a sample in which 95% of participants had at least
mild hepatic steatosis and suspected NAFLD [34]. Thus, their applicability in the context
of HBV is largely unknown. In addition, it is unknown whether HIV co-infection or use of
antivirals to suppress HBV as part of anti-HIV therapy might impact their utility.

To address this gap in knowledge, our aims were to 1) determine the diagnostic performance
of four popular serum-based scores (LFS, HSI, VAI, and TyG index), including their ability
to quantitatively predict histology-determined = 5% hepatic steatosis in two distinct HBV
cohorts of adults with chronic HBV, and 2) evaluate whether the performance of these tests
differs between those with an untreated HBV mono-infection versus HBV-HIV co-infection
on anti-HBV therapy.

Participants and Methods

All participants were enrolled in the Hepatitis B Research Network (HBRN) adult cohort
study or the HBV-HIV cohort ancillary study of the HBRN, as previously described
[42-44]. In brief, all participants were HBV surface antigen (HBsAQ) positive, age 18 years
or older, and did not have a history of hepatic decompensation, HCC, or solid organ or bone
marrow transplant. While the HBRN adult cohort excluded those with HIV co-infection, the
presence of anti-HIV was required in the HBV-HIV cohort. Liver biopsy was performed as
part of the baseline research assessment of the HBVV-HIV study. In contrast, liver biopsy
was only assessed in HBRN adult cohort participants if performed for clinical care (such

as for elevated liver enzymes) or as a requirement for study entry into the HBRN Immune
Active treatment trial (NCT01369212). Informed consent was obtained from all individual
participants included in the study.
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Of adults enrolled in either cohort, the following exclusion criteria were employed: 1) no
liver biopsy or inadequate liver tissue to determine hepatic steatosis, 2) acute HBV, 3)
history of treatment for alcohol-related liver disease or at-risk alcohol intake (defined as >
5 drinks on = 1 day in past month in men/women, or > 4 drinks/day or > 14 drinks/week
in men, or > 3 drinks/day or 7 drinks/week in women [45]) in the year prior to the biopsy,
and 4) insufficient clinical or laboratory data obtained within 24 weeks of biopsy to calculate
at least one of the four serum-based hepatic steatosis scores. Among the non-HIV cohort
only, participants were also excluded from this report if they had chronic hepatitis C or
delta co-infection (thus, the group is referred to as HBV-only hereafter), or were on HBV
treatment within 4 weeks prior to the liver biopsy or collection of clinical data (whereas
participants of the HBV-HIV cohort were generally on anti-HBV therapy as part of their
combined anti-retroviral regimen (CART)).

Assessment of Liver Histology

Unstained slides of liver biopsies were submitted for hematoxylin and eosin (H&E)

and Masson trichrome staining by a central laboratory. Histologic findings were scored
blindly with respect to clinical and laboratory data, by the HBRN Pathology Committee
(DEK, chair) composed of pathologists from participating HBRN clinical centers. Biopsies
determined as inadequate (i.e., not representative) by the HBRN Pathology committee
(*1%) were excluded. Hepatic steatosis was graded based on the proportion of steatotic
hepatocytes assessed at low magnification: none (0%), minimal (> 0- < 5%), mild (5-33%),
moderate (34-66%), and severe (= 67%) [46].

Assessment of Clinical and Laboratory Data and Data Definitions

Self-reported race and ethnicity were categorized as non-Hispanic black, hon-Hispanic
white, Asian, and other, due to the low frequency of other groups. Past-year alcohol
consumption was graded as none or minimal (< 1 drink per month) or low risk (more
than none or minimal but < 4 drinks/day or 14 drinks/week in men, < 3 drinks/day or 7
drinks/week in women) [45]. Current cCART was determined from self-report and medical
records.

Laboratory testing by local site included plasma glucose, insulin, HDL cholesterol,
triglycerides, AST, ALT, platelet counts, hemoglobin, qualitative HBV e-antigen (HBeAg)
and surface-antigen (HBsAg), and HBV DNA. HBV DNA and quantitative HBsAg and
HBeAg testing was done centrally, as previously described, at a HBRN-funded virology
laboratory (University of Washington, Seattle, WA) [44]. Additionally, among the HBV-
HIV cohort only, the following tests were performed centrally in a commercial laboratory
(TrueHealth Diagnostic Laboratories, Inc., Richmond, VA): plasma glucose, insulin, total
cholesterol, LDL cholesterol, HDL cholesterol, and triglycerides. Triglycerides, glucose, and
insulin from samples taken after fewer than 8 h of fasting were excluded.

BMI was calculated from measured weight in kilograms (kg) divided by height in meters
(m) squared. Overweight was defined as BMI of 23— < 27.5 kg/m? if Asian and 25— < 30
kg/m2 for all other racial groups, and obesity was defined as BMI = 27.5 kg/m? if Asian
and = 30 kg/m? for all other racial groups [47]. WC was measured following a standard

Dig Dis Sci. Author manuscript; available in PMC 2023 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sterling et al.

Page 5

protocol. High-risk WC was defined as = 80 cm for Asian women and = 88 cm for women
of all other races, = 90 cm for Asian men, and = 102 cm for men of all other races

[48]. Anti-diabetic and lipid medications were self-reported and obtained through medical
records. Diabetes (type 1 or type 2) was defined as self-report of the condition, current

use of anti-diabetic medications or fasting glucose = 126 mg/dL. Metabolic syndrome was
defined as the presence of at least 3 of 5 standard criteria: 1) abnormal glucose metabolism
(fasting glucose = 100 mg/dL or diabetes), 2) elevated blood pressure (systolic pressure

> 130 and/or diastolic pressure = 85 mmHg) or use of antihypertensive medications, 3)
high-risk WC, 4) elevated triglycerides (= 150 mg/dL) or current use of lipid-lowering
agent, and 5) low HDL cholesterol level (HDL < 50 mg/dL in females and < 40 mg/dL

in males) [49]. Hyperlipidemia was defined as self-report of the condition, current use of
lipid lowering medication or low-density lipoprotein (LDL) = 160 mg/dL. Insulin sensitivity
was assessed with HOMA-IR: fasting insulin (mU/L) x fasting glucose (mmol/L)/22.5. The
upper limit of normal (ULN) for ALT was 30 U/L for males and 19 U/L for females [50].

The closest clinical and laboratory data obtained near the time of biopsy were used to
calculate the following published steatosis scores:

HSI: 8 * ALT/AST + BMI (+ 2 if diabetes; + 2 if female) [27].

NAFLD-LFS: —-2.89 + 1.18 * metabolic syndrome (yes = 1/no = 0) + 0.45 * diabetes (yes =
2/no = 0) + 0.15 * insulin (mU/L) + 0.04 * AST(U/L)—0.94 * AST/ALT [35].

TyG index: In[(triglycerides)(mg/dL) * 8 glucose (mg/dL)/2] [41].

VAL: [WC/39.68 + (1.88*BMI)] * (triglycerides/1.03) * (1.31/HDL), for males; [WC/36.58
+(1.89 * BMI)] * (triglycerides/0.81) * (1.52/HDL), for females [38].

Statistical Analysis

Because the HBV-HIV cohort was on anti-HBV therapy as part of cART and the HBV
alone was not on anti-HBV therapy at the time of biopsy, our aim was not to compare the
two cohorts, but rather to compare the performance of non-invasive models for steatosis in
each distinct cohort. Analyses were conducted using SAS, version 9.4 (SAS Institute Inc.,
Cary, NC, 2000). Descriptive statistics summarized demographic, clinical, virologic, and
histologic characteristics. The Pearson ;(2 test or Fisher exact test for categorical variables,
the Kruskal-Wallis test for continuous variables, and the Cochran—Armitage trend test for
ordinal variables were used to compare characteristics of the HBV-only versus HBV-HIV
groups. All further analyses were stratified by co-infection status.

The distribution of each serum-based hepatic steatosis-related score by hepatic steatosis
grade is presented graphically using boxplots. Correlations between each score and hepatic
steatosis grade were assessed with Kendall’s tau-b. Given the low frequency of moderate
and severe hepatic steatosis (i.e., = 33%) in both groups, hepatic steatosis of at least mild
severity (i.e., = 5%) was evaluated in the remainder of the analyses.

The discriminatory capacity of each hepatic steatosis-related score (continuous) for the
diagnosis of = 5% hepatic steatosis was calculated using receiver operating characteristics
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(ROC) curves. DeLong’s test was used to evaluate whether the areas under the ROC
(AUROQC:s) differed by score. The AUROCS, sensitivity (SE), specificity (SP), SE + SP,
positive predictive value (PPV), negative predictive value (NPV), and the diagnosis accuracy
(i.e., sum of true positives and true negatives over the number of participants) were
calculated for the optimal cutoff of each ROC curve, defined by the highest SE + SP, as

well as for previously established cutoffs (> 41 for HSI, > 0.16 for NAFLD-LFS, > 8.38 for
TyG, > 1.25 for VAI) [34].

Multivariable logistic regression was used to determine whether population-specific
predictive models for differentiating = 5% hepatic steatosis versus < 5% hepatic steatosis
performed better than the four established models that we tested. The following established
risk factors were considered: age, sex, black race, alcohol risk, WC, BMI, metabolic
syndrome, glucose, diabetes, hypertension, hyperlipidemia, HDL cholesterol, triglycerides,
ALT, AST, ALT/AST, and hemoglobin [27, 32, 35, 38, 41]. Serum uric acid and gamma
glutamyl transferase (GGT) [25, 32] were not available for consideration. Using backward
elimination, variables with p < 0.10 were retained. Models were first built excluding
variables missing in over 10% of participants and then built with consideration of all
variables.

Study Participants

Of the 1996 adult HBRN cohort participants, 302 met inclusion criteria for this report, and
of the 135 HBV-HIV participants, 92 met inclusion criteria for this report (Supplemental
Fig. 1). The vast majority (260 of 302 [86.1%] and 90 of 92 [97.8%] in the HBV-only

and HBV-HIV analysis samples, respectively) had clinical data (i.e., score components)
collected within 12 weeks of biopsy. The sample size differed by score, reflecting
differences in data completeness by score components. For example, among HBV-only
participants, 296 had the HSI, which does not include a data component requiring a fasting
blood draw, versus 115, 101, and 71 participants for the TyG index, VAI, and NAFLD-LFS,
respectively.

Participant Sociodemographic, Clinical, and Virologic Characteristics

Among the HBV-HIV participants, 6.5% (7= 6) were anti-HCV positive and 4.4% (7

= 4) were anti-HDV positive. All but 3 (96.7%) were on CART treatment at the time of
biopsy (most common was Tenofovir, alone or in combination). Specifically, 95.7% (n

= 88) were on a nucleoside reverse transcriptase inhibitor (NRTI), 33.7% (/7= 31) were

on a non-nucleoside reverse transcriptase inhibitor (NNRTI), and 45.7% (7= 42) were

on a protease inhibitor (P1). The majority had < 20 copies/mL of HIVV RNA (77.9%; n

= 67) and were HIV stage 1 (CD4 = 500 cells/mm3) (58.6%; n=51). The HBV-HIV
versus HBV-only group differed with respect to most characteristics (Table 1). For example,
participants with HBV-HIV versus HBV-only were older (median age 50 vs 43 years), and
a higher percentage were male (92.4% vs 59.6%), were black (50.6% vs 7.6%), were North
American born (100% vs 13.7%), and reported low-risk (versus no/minimal risk) alcohol
consumption; a smaller percentage were Asian (5.7% vs 81.4%) (p for all < 0.001). Their
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BMI and WC were also higher, they had lower HDL cholesterol, and a higher percentage
had hyperlipidemia and metabolic syndrome versus HBV-only (p for all < 0.05). However,
diabetes prevalence was similar (p = 0.65). Although a higher percentage with HBV-HIV
were HBeAg positive, a higher percentage had suppressed HBV DNA (81.5% vs 9.0%) and
their median ALT, AST, and total bilirubin were lower versus the untreated HBV-only group
(pfor all <0.001).

Assessment of Liver Histology

There was not a significant difference in prevalence of = 5% hepatic steatosis (27.2% HBV-
HIV versus 30.5% HBV-only; p=0.55). However, there was indication of a possible trend
(p=0.05) toward higher grade levels of hepatic steatosis among HBV-only participants (e.g.,
11.3% vs 4.3% = 33% hepatic steatosis; Table 2).

Serum-Based Scores

HBV-HIV versus HBV-only participants had a lower median HSI, but a higher median TyG
index and VAI (p for all < 0.01), while there was not a significant difference in median
NAFLD-FLS (p = 0.60; Table 2). The distribution of each noninvasive serum score by
severity of hepatic steatosis is shown in Fig. 1. Correlations were fairly weak (Kendall’s
tau-b (t): range 0.28-0.37; p< 0.01) for HSI, TyG index, and VAl among both groups (Fig.
1). The correlation with NAFLD-LFS was slightly stronger (z = 0.47; p< 0.0001) among the
HBV-HIV group, but not significant (x = 0.14; p = 0.14) among HBV-only.

Discriminatory Capacity of Serum-Based Scores

The ROC for differentiation of > 5% hepatic steatosis by each noninvasive serum score is
shown in Fig. 2. Within the HBV-only sample, there was not a significant difference in
AUROCs between scores (DeLong’s p-value range for all comparisons: 0.19-0.95). Within
the HBV-HIV sample, NAFLD-LFS had a higher AUROC (0.83) than HSI (0.66; p< 0.01)
or VAI (0.67; p= 0.04); other pairwise comparisons were not significant (DeLong’s p value
range for comparisons: 0.17-0.65). With the exception of the NAFLD-LFS, AUROC point
estimates were higher in the HBV-only vs HBV-HIV group: 0.71 (95%Cl, 0.65-0.77) vs
0.66 (95%Cl, 0.54-0.78) for HSI, 0.67 (95%Cl, 0.54-0.80) vs 0.83 (95%Cl, 0.72-0.94) for
NAFLD-LFS, 0.76 (95%Cl, 0.66-0.86) vs 0.70 (95%Cl, 0.56-0.83) for TyG index, and 0.71
(95%Cl, 0.59-0.83) vs 0.67 (95%Cl, 0.50-0.84) for VVAI. However, the 95% Cls overlapped.

Optimal and Established Cutoffs

The percentage of HBV-only participants meeting scores’ optimal thresholds for = 5%
ranged from 47.0% to 57.7%; for established thresholds, the range was 0-90.1%. The
percentage of HBV-HIV participants meeting score’s optimal thresholds for = 5% ranged
from 30.1% to 56.2%; for established thresholds, the range was 0-93.2%. For all scores but
the HSI, a lower percentage of HBV-HIV versus HBV-only participants met the optimal
threshold indicative of = 5% hepatic steatosis (p for all < 0.05). In contrast, the percentage
of participants meeting the established threshold for each score indicative of = 5% hepatic
steatosis did not significantly differ by group (o for all > 0.40).

Dig Dis Sci. Author manuscript; available in PMC 2023 February 01.
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The diagnostic accuracy of optimal cutoffs (i.e., producing the highest SE + SP) and
established cutoffs of serum-based scores in identifying = 5% hepatic steatosis is reported in
Table 3. Among HBV-only participants, SE + SP of each score was similar when the optimal
cutoff (HSI > 37; NAFLD-LFS > —0.41; TyG index > 4.50; VAI > 2.48) was applied (SE

+ SP range: 135.3-140.4). The TyG index had the highest PPV (48.2%), followed by the
HSI (46.4%), while the NAFLD-LFS had the highest NPV (93.3%), followed by the HSI
(85.3%).

There was more variation in the diagnostic accuracy of scores among HBV-HIV
participants. The optimal NAFLD-LFS cutoff (> 0.32) yielded the highest SE + SP (152.8),
as well as the highest PPV (56.0%) and highest NPR (89.2%), compared to the optimal
cutoffs for VAI (> 4.76), TyG index (> 4.84), and HSI (> 34) (Table 3).

Among both groups, the established cutoff for TyG index identified no participants, and the
established cutoff for VAl identified over 90% of participants, resulting in a very low PPV
(27.3% in HBV-only, 29.7% in HBV-HIV). However, the established cutoffs for HSI and
NAFLD-LFS did not perform much worse than the group-specific optimal cutoffs (Table 3).

Population-Specific Predictive Models

Among potential risk factors collected in each cohort (age, sex, black race, alcohol risk,
WC, BMI, metabolic syndrome, glucose, diabetes, hypertension, hyperlipidemia, HDL
cholesterol, triglycerides, ALT, AST, ALT/AST, and hemoglobin), those associated with
steatosis at p < 0.10 are shown in Table 4. Among the HBV-only group, older age,
non-black race, moderate (versus none/minimal) alcohol intake, higher BMI, and having
hypertension were associated with higher odds of = 5% hepatic steatosis. HBV DNA or
HBeAg status was not associated with steatosis. Non-black race and having hypertension
were also associated with higher odds of = 5% hepatic steatosis in the HBV-HIV group,

as was higher ALT; however, moderate (versus none/minimal) alcohol intake was associated
with lower odds of = 5% hepatic steatosis (Table 4). Despite creating population-specific
predictive models from a wide array of established risk factors, for the most part, they did
not perform better than existing models. For example, among the HBV-only group, the new
score had an AUC of 0.78 (95%Cl, 0.73-0.83) versus 0.76, (95%Cl, 0.66-0.86) for the TyG
index. Likewise, among the HBV-HIV group, the new score had an AUC of 0.81 (95%Cl,
0.72-0.90) versus 0.83 (95%ClI, 0.72-0.94) for the NAFLD-LFS. However, if triglyceride
level, which was missing in the majority of participants, was added to the HBV-only group
model, the AUC increased to 0.84 (95%Cl, 0.77, 0.91). Adding variables with over 10%
missing to the HBV-HIV model did not improve its predictive ability.

Discussion

In this analysis, using four published scores to predict = 5% hepatic steatosis, we found
that even when applying optimal (i.e., population-specific) cutoffs, these scores only have
moderate utility in HBV mono-infected and HBV-HIV co-infected groups, respectively.
While our aim was not to compare liver histology or predictors of steatosis between these
distinct cohorts, we do show that in the HBV-HIV group, the NAFLD-LFS had the highest
correlation with degree of hepatic steatosis, and it best differentiated at least 5% hepatic

Dig Dis Sci. Author manuscript; available in PMC 2023 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sterling et al.

Page 9

steatosis versus the HSI, TyG index, and VAI. While the NAFLD-LFS did not correlate
strongly with hepatic steatosis severity and did not perform as well in the HBV-only group
(perhaps due to low data ascertainment of insulin), it was also the best performing of the
four scores among those with HBV-only when an optimal cutoff was applied. In general,
the optimal cutoffs for each score performed markedly better than the established cutoffs,
indicating that validity studies in non-HBV samples may not be applicable.

Because the HBV and HBV-HIV cohorts differed by indication for biopsy and cART use
for HBV suppression, the groups were not combined. The common use of CART containing
tenofovir among the HBV-HIV group only explains the higher percentage of HBV DNA
suppression and lower ALT and AST levels. Still, the HBV-HIV group appeared to have
more health-related risk factors for hepatic steatosis; for example, a much higher percentage
of the sample was black race, which was related to a lower risk of hepatic steatosis in both
groups. There was also a large difference in sex distributions between groups. However,
while sex is a component of some of the serum-based scores, sex was not related to hepatic
steatosis in either group. Because the majority of those with HIV had an undetectable

HIV RNA and HBV DNA, they were not associated with steatosis. Despite differences in
demographics, health status, virologic parameters, and indications for biopsy, the proportion
of those with = 5% hepatic steatosis in our two cohorts was similar at 30% in the HBV
mono-infection group and 27% in those with HBV-HIV co-infection. This allowed for
comparison of the relative performance of the noninvasive makers to detect hepatic steatosis
in these two distinct cohorts, independent of steatosis prevalence. While differences in the
performance of scores between cohorts may be due to differences in hepatic steatosis risk
factors, difference in sample size may have also played a role, as better performance is
expected with a larger sample. Additionally, the NAFLD-LFS could only be calculated
among one-third of the HBV-only group due to unavailability of fasting insulin levels in that
cohort.

There are limited data on noninvasive serum testing for hepatic steatosis in chronic

HBV [32, 47, 48] and none in HBV-HIV. Previous studies have demonstrated that the
performance for each serum-based model for hepatic steatosis varies depending on the
population’s risk for hepatic steatosis, the severity of hepatic steatosis to be identified and
score cutoff [30, 31]. The performance of the HSI is perhaps the most variable of the four
scores we evaluated [17, 27, 32-34], perhaps due to its inclusion of BMI as a high BMI,
especially if over 40 kg/m?, leads to a high HSI, regardless of other risk factors [32, 47]. In
comparison, the performance of the NAFLD-LFS and TyG index, neither of which include
BMI, has been less variable across studies. Still, among three studies the reported sensitivity,
specificity, and AUROC for NAFLD-LFS ranges from 65 to 86%, 71 to 87%, and 0.68 to
0.87, respectively [33-35], and among two studies, the TyG index ranges from 70 to 94%,
60 to 92%, and 0.68 to 0.90, respectively [34, 37]. We only identified one prior report that
has evaluated the performance of the VAI, which also includes BMI, to identify hepatic
steatosis; reported sensitivity was 79%, specificity was 92%, and AUROC was 0.92 [34].

A novel model for predicting hepatic steatosis in HBV was recently developed among 364
chronic HBV patients from China, of whom 118 (32%) had at least 5% hepatic steatosis.
They identified five risk factors (age, hemoglobin, uric acid, BMI, triglycerides) [32].

Dig Dis Sci. Author manuscript; available in PMC 2023 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sterling et al.

Page 10

Their model (steatosis in HBV [SIHBV]) performed better than several published models
including HSI (AUROC 0.85 vs. 0.62). However, NAFLD-LFS, TyG index, and VAI were
not evaluated. We were unable to test SIHBV in the current study because uric acid was
not measured. However, because the models we tested performed poorly, we also explored
whether a new model would work better. Unfortunately, neither population-specific model
performed better than the best-performing established model for each cohort. Still, it is
interesting to note that non-black race and hypertension were identified as risk factors in
both the HBV-only and HBV-HIV groups, as neither race nor hypertension is components
of other hepatic steatosis scores.

Strengths of this study are the geographic diversity of the sample, the assessment in both
untreated chronic HBV and treated HIV-HBYV cohorts, the central reading of liver biopsies
by the HBRN pathology committee, and the evaluation of four competing serum-based
scores for hepatic steatosis. The main limitations of this study were exclusion of variables
of interest, the use of local laboratories for the steatosis indices calculations, and incomplete
data attainment. Although the SIHBV [32] or the fatty liver index (FLI) [17, 49] was of
interest, we were unable to evaluate them because required components (e.g., serum uric
acid for SIHBV, gamma glutamyl transpeptidase for FLI) were not collected in either HBRN
cohort. All four scores selected for study required at least one fasting laboratory measure
(e.g., fasting glucose or HbAlc to determine diabetes status for the HSI; fasting triglycerides
for the TyG index and VAI). However, the NAFLD-FLS required fasting glucose or HbAlc
for diabetes, fasting triglycerides to determine metabolic syndrome, and fasting insulin.
Thus, it was missing most frequently, especially among the HBV-only cohort, which may
have impacted its performance. Because fasting insulin is not done routinely in clinical
practice, NAFLD-LFS may have limited applicability. Additional limitations of our study
include the self-selection of patients who were willing to undergo liver biopsy in the HBV—
HIV cohort and lack of systematic biopsy for the HBV-only cohort, which might affect the
representativeness of the samples. Although several older CART medications, such as Pls
and NRTIs, have been linked to steatosis, we did not have accurate records of their past use
in HBV-HIV patients. In addition, we could not account for duration of infections or impact
or duration of anti-HBV therapy alone or as part of prior cART in HBV-HIV subjects due
to poor participant recall. As with any liver biopsy study, there may have been sampling
error. Furthermore, not all components of each score were measured on all participants on
the same day as the liver biopsy, but by ensuring close proximity (the majority < 12 weeks)
of the liver biopsy and noninvasive serum-based score measurements, the potential impact
on diagnostic accuracy of noninvasive markers was reduced. Because our sample sizes were
modest, we were not able to perform sensitivity analysis among participants with metabolic
risk factors (e.g., obesity, diabetes, hypertension) to determine whether the noninvasive tests
perform better in such a subgroup. Additionally, we were unable to split our cohort into
derivation and validation subsets; thus, the cutoffs identified in this study require validation
in other cohorts. However, given the poor PPV, future work should focus on determining a
better score for use in HBV. Steatohepatitis and higher thresholds for steatosis (> 33%) were
not specifically evaluated in our study due to a combination of the sample size and their

low frequency (16.4% and < 10%, respectively). However, our outcome (i.e., = 5% hepatic
steatosis) included almost all cases of steatohepatitis [7]. We also did not differentiate type
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1 vs. type 2 diabetes nor were we able to control for compliance with anti-hypertensive,
anti-diabetes, or anti-lipid medications. Notwithstanding these, our study is one of very few
studies on noninvasive assessment compared to liver histology to identify hepatic steatosis in
these understudied populations.

Hepatic steatosis is important to identify as it contributes to the overall morbidity and
mortality of other liver diseases, including chronic HBV [6], and is associated with increased
liver enzymes independent of HBV [7-10] and cardiovascular disease [13-16]. Although US
is recommended for HCC surveillance, it is insensitive to detect mild degrees of steatosis (<
20%) that may cause increased liver enzymes. Because noninvasive assessments of fibrosis
and steatosis are increasingly utilized, most patients do not undergo liver biopsy. While
serum-based algorithms can be performed at the point of care and in both primary care and
specialty care and have the potential to enhance identification of those with hepatic steatosis,
our results indicate that even with population-specific cutoffs, several common serum-based
scores have only moderate utility and are better to rule out (high NPV) than diagnosis mild—
severe hepatic steatosis in chronic HBV. The relative utility of each score was different in the
untreated HBV mono-infected cohort than the cART-treated HBV-HIV cohort. Additional
studies to validate other serum-based scores and imaging techniques (CAP, MR) alone or in
combination in those with chronic HBV alone or in those with HBV-HIV are needed.
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Hepatic steatosis severity and noninvasive serum-based scores among North American adults with chronic

Table 2

HBYV, by co-infection status

Variable HBV-only HBV-HIV p value
n =302 n=92

Steatosis percentage of hepatocytes, 7(%) 1= 302 n=92 0.054
None 53 (17.5%) 24 (26.1%)
> None- < 5% 157 (52.0%) 43 (46.7%)
5-33% 58 (19.2%) 21 (22.8%)
34-66% 28 (9.3%) 4 (4.3%)
>67% 6 (2.0%) 0 (0.0%)

Scores

HSI n=296 n=289 0.006
Median(25th:75th) 37.2(33.2:41.8)  35.0 (31.1: 40.6)

NAFLD-LFS n=71 n=62 0.60
Median(25th:75th) -02(-12:14) -0.1(-15:18)

TyG index n=115 n=73 0.001
Median(25th:75th) 4.5 (4.3: 4.6) 4.6 (4.4:4.9)

VAI n=101 n=>59 0.007
Median(25th:75th) 2.4 (1.7: 3.9) 3.1(2.1:5.3)

HBYV, hepatitis B virus, H/Vhuman immunodeficiency virus, HS/ hepatic steatosis index, NAFLD-LFS nonalcoholic fatty liver disease Liver Fat

Score, TyG triglyceride glucose, VA/visceral adiposity index
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