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Chronic hepatitis B (CHB) with concurrent hepatic steatosis
(HS) is a growing challenge for public health globally. As the
prevalence of HS increases in Asia where CHB is endemic,!
the combined prevalence of HS and CHB is estimated to be
32.8%.2 Furthermore, the co-existence of these diseases is
associated with more frequent and severe adverse clinical
events such as liver fibrosis than HS or CHB alone.3 There is
a need for reliable diagnostic methods to detect and manage
this condition in affected individuals. It should be noted that
histologic evaluation via liver biopsy remains the gold stand-
ard to diagnose advanced fibrosis in patients with chronic liv-
er diseases. Despite its effectiveness, many patients are hesi-
tant to undergo a liver biopsy due to its invasive nature and
the potential risks involved. Some of the most well-known
complications associated with liver biopsy include bleeding,
infection, and damage to nearby organs. Hence, alterna-
tive non-invasive tests (NITs), including the aspartate ami-
notransferase to platelet ratio index (APRI) , fibrosis index
based on the four factors (FIB-4), and nonalcoholic fatty liver
disease fibrosis score (NFS) have been proposed.4-¢ However,
the diagnostic accuracy of these tests in CHB patients with
concurrent HS is not yet clear. In this retrospective study, we
aimed to evaluate the performance of APRI, FIB-4, and NFS
for predicting advanced fibrosis in patients with both CHB and
HS. Furthermore, we introduced the combined models that
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call for improvements in the current diagnostic workflow.

We consecutively enrolled untreated CHB patients with
concurrent HS who underwent liver biopsy from nine medi-
cal centers in China between April 2004 and September 2021
(Clinical Trials. gov identifier: NCT05766449). The liver biopsy
was performed to evaluate the extent of steatosis, inflamma-
tion, and fibrosis, and to determine if patients required anti-
viral therapy initiation.”-8 Patients who were hepatitis B virus
surface antigen positive for more than 6 months, and had he-
patic steatosis of more than 5% as confirmed by liver biopsy,
were included in the study. Patients with alcoholic fatty liver
or other causes of liver disease, diagnosed with hepatocellular
carcinoma, or other malignancies were excluded. The study
was approved by ethics committees at all participating cent-
ers. The stage of fibrosis was assessed by Scheuer’s score.
Based on Scheuer’s classification, the stages of fibrosis were
determined based on the degree of portal/periportal and lobu-
lar activity. In this system, S3 represents severe fibrosis with
bridging fibrosis, and we defined =S3 as advanced fibrosis.®
Clinical and laboratory data, including demographic character-
istics, routine blood tests, and liver biochemistry data, were
systematically extracted into standardized forms. During the
data analysis process, the Kolmogorov-Smirnov test was used
to determine if the data followed a normal distribution. Con-
tinuous variables were presented as the mean and standard
deviation if the variables showed a normal distribution, or as
the median (interquartile range). Categorical variables were
expressed as humbers (percentages). Statistical analysis was
performed using MedCalc software (version 19.8). The area
under the receiver operating characteristic, sensitivity, speci-
ficity, positive and negative predicted values were calculated
for the two estimated cut-off points for each score (the lower
and higher cut-offs for ruling out and ruling in advanced fi-
brosis, respectively). Subsequently, we computed the propor-
tion of patients with the correct classification (the sum of true
positives and negatives) for different combinations of NITs.

We retrospectively enrolled 926 eligible patients over the
study period. The patients had a median age of 38.00 years,
697 (75.27%) were male, and the median body mass in-
dex was 25.47, with 80 patients (8.64%) having diabetes. In
terms of steatosis classification, 752 (81.21%) patients were
categorized as grade 1, 126 (13.61%) as grade 2, and 48
(5.18%) as grade 3 (Table 1). Among them, 180 (19.44%)
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Table 1. Demographic and clinical characteristics of chronic hepatitis B patients with concurrent hepatic steatosis

Characteristics

Outcome

Male, n/total (%)
Age (years)
Body mass index (kg/m2)
Diabetes mellitus, n/total (%)
Hypertension, n/total (%)
White blood cell (10°/L)
Neutrophils (109/L)
Red blood cell (1012/L)
Hemoglobin (g/L)
Platelet (109/L)
Total bilirubin (umol/L)
Albumin (g/L)
Globulin (g/L)
Alanine transaminase (U/L)
Aspartate transaminase (U/L)
Alkaline phosphatase (U/L)
Gamma-glutamyl transferase (U/L)
Lactate dehydrogenase (U/L)
Creatinine (umol/L)
Urea (umol/L)
Total Cholesterol (mmol/L)
Triglycerides (mmol/L)
Glucose (mmol/L)
High density lipoprotein cholesterol (mmol/L)
Low density lipoprotein cholesterol (mmol/L)
Prothrombin time (s)
International normalized ratio
Steatosis grade, n/total (%)

1

2

3
Fibrosis grade, n/total (%)

0

A W N =

697/926 (75.27)

38.00 (31.00-46.00)
25.47 (23.38-27.74)
80/926 (8.64)

103/926 (11.12)

5.57 (4.69-6.60)

3.05 (2.46-3.87)

4.99 (4.62-5.28)
151.00(140.00-160.00)
195.00 (160.00-236.00)
14.10 (11.10-18.25)
44.50 (41.60-47.30)
27.50 (25.10-30.50)
44.75 (28.00-85.85)
30.00 (23.00-49.25)
71.05 (58.00-90.00)
34.00 (22.00-55.00)
179.50 (160.00-204.25)
66.96+13.94

345.72 + 87.22

4.58 (4.02-5.13)

1.23 (0.91-1.77)

5.25 (4.77-5.83)

1.17 (0.97-1.39)

2.70 + 0.75

12.40 (11.10-13.20)
1.00 (0.94-1.04)

752/926 (81.21)
126/926 (13.61)
48/926 (5.18)

29/926 (3.13)
464/926 (50.11)
253/926 (27.32)
129/926 (13.93)
51/926 (5.51)

patients had advanced fibrosis (=S3). The scores of FIB-4,
APRI, and NFS were calculated based on obtainable labora-
tory parameters. At the lower cut-off values (FIB-4 <1.3,
APRI <0.5, NFS <1.455), APRI had the highest sensitivity at
65.56%, followed by 53.89% for FIB-4 and 41.11% for NFS.
At the higher cut-off values (FIB-4 >2.67, APRI >1.5, NFS
>0.676), NFS had the highest specificity of 97.99%, followed
by FIB-4 (94.77%) and APRI (94.1%).

A total of 649 patients with CHB concurrent with HS, with a
FIB-4 cutoff <1.3 were classified as non-advanced fibrosis,

and 566 (61.12%) of the patients coincided with the biopsy
results. Of the 695 patients with an NFS cutoff <—1.455,
classified as non-advanced fibrosis, 589 (63.61%) had re-
sults consistent with the biopsy results of non-advanced fi-
brosis. Notably, APRI displayed the highest indeterminate
rate of 30.99% compared to the other NITs. The proportions
of patients who were correctly classified according to a sin-
gle test were 64.7% for NFS, 64.1% for FIB-4, and 57.6%
for APRI (Fig. 1).

To further improve the performance of the diagnostic
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Screening Visit Predicting advanced fibrosis

o e AR 57.6%

Chronic hepatitis B concomitant with correctly classifified
hepatic steatosis
IS )
Total population: N=926 \.
FIB-4 64.1%
—’ .

@ correctly classifified

Non-invasive tests

# | NS 64.7%
correctly classifified

. . NFS—-APRI 73.7%
Liver biopsy correctly classifified
SE—)

NITs AUROC SE SP PPV NPV ™ FP Indeterminate
FN TP
APRI
<0.5 0.661 65.56 66.62 322 88.9 497 44 287
>1.5 0.571 20 94.1 45 83 62 36
FiB-4
<13 0.649 53.89 75.87 35 87.2 566 39 -
>2.67 0.552 15.56 94.77 41.8 82.3 83 28
NFS
<-1.455 0.6 41.11 78.95 32 84.7 589 15
>0.676 0.518 5.56 97.99 40 81.1 106 10 206
APRI-FIB-4
<0.5—<1.3 0.655 48.89 82.17 39.80 87.00 | 613 60
>1.56->2.67 0.585 25.00 91.96 42.90 83.60 | 97 40 16
FIB-4-APRI
<1.3-<0.5 0.644 46.11 82.71 39.20 86.40 | 617 56 116
>2.67—>1.5 0.574 22.22 92.49 41.70 83.10 | 97 40
FIB-4-NFS
<1.3—<-1.455 0.611 37.78 84.45 37 84.9 630 45 109
>2.67—>0.676 0.553 16.67 93.97 40 82.4 112 30
NFS-FIB-4
<-1.455—<1.3 0.608 36.11 85.52 37.60 8470 | 638 37 109
>0.676—>2.67 0.550 15.00 95.04 42.20 8230 | 115 27
APRI-NFS
<0.5—-<-1.455 0.630 40.56 85.52 40.30 8560 | 638 49
>1.5—>0.676 0.575 21.67 93.43 44.30 8320 | 107 39 %
NFS-APRI
<-1.456—<0.5 0.602 32.22 88.20 39.70 8440 | 658 29 -
>0.676—>1.5 0.547 13.33 96.11 45.30 8210 | 122 24

Fig. 1. Comparison of different non-invasive tests and combined model for predicting advanced fibrosis in chronic hepatitis B patients with concurrent
hepatic steatosis. APRI, aspartate aminotransferase to platelet ratio index; AUROC, area under receiver operating characteristic; FIB-4, fibrosis index based on the
four factors; FN, false negative; FP, false positive; NFS, nonalcoholic fatty liver disease fibrosis score; NITs, non-invasive tests; NPV, negative predicted values; PPV,
positive predicted values; TN, true negative; TP, true positive; SE, sensitivities; SP, specificities.
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model and reduce the indeterminate rate, we combined
the three NITs pairwise. The algorithm, including NFS fol-
lowed by APRI, allowed most patients to be correctly classi-
fied (73.7%), compared to FIB-4-NFS (71.3%), NFS-FIB-4
(71.8%), FIB-4-APRI (71.0%), APRI-FIB-4 (70.5%), APRI-
NFS (71.8%), which were better than the three NITs used
alone. In addition, as shown in Figure 1, the model which
combined APRI and NFS achieved the lowest percentage of
indeterminate cases at 10.04%.

In this study, we found that the combined models over-
all showed better performance than the individual NITs in
CHB patients with concurrent HS. Moreover, the NFS-APRI
model achieved the lowest indeterminate zone among the
six combined models. Although FIB-4, APRI, and NFS have
been widely utilized for detecting advanced fibrosis,1? none
of these NITs were completely suitable for CHB patients with
concurrent HS. Additionally, the accuracy of these scoring
systems might be affected by factors such as age, sex, eth-
nicity, and comorbidities. FIB-4, the most commonly used
test for fibrosis stratification in HS patients had a relatively
lower positive predictive value and a higher indeterminate
rate.!! Furthermore, a population-based study!? reported
that FIB-4 and NFS misclassified more than 30% of patients,
leading to a non-negligible percentage of false-negatives
and false-positives, especially in patients with risk factors for
chronic liver disease (such as obesity and diabetes). Lin KM
et al.13 investigated the diagnostic accuracy of FIB-4, NFS
and APRI for identifying advanced fibrosis in CHB patients
with concurrent HS, and demonstrated that these NITs were
better at excluding rather than including advanced fibrosis,
which is consistent with our results. A previous study showed
that a simple serum-based score may fall into the given
test’s indeterminate zone (a high uncertainty area ranging
from 40% for FIB-4 to 55.8% for NFS).1* Thus, considering
the suboptimal performance of individual NITs, researchers
have started using a sequential strategy to screen for fibro-
sis. For instance, a Danish cohort study combined FIB-4 with
the Enhanced Liver Fibrosis test, to achieve a correct clas-
sification rate of 88% and reduced indeterminate zones.!>
Our study also provided evidence supporting the utilization
of a sequential strategy. Given the easily-available labora-
tory parameters used in NITs, a sequential strategy could
promote diagnostic accuracy and optimize referral pathways.
Additionally, the combination of models developed during our
study can be of great assistance in primary care settings.
With the ability to provide targeted screening for liver fibro-
sis, the findings from this study will enable healthcare pro-
fessionals to make informed decisions regarding treatment
options and predict potential clinical outcomes. Identifying
patients who may be at risk of developing liver fibrosis is a
crucial step in the early detection and treatment of this con-
dition. By implementing these models, we can ensure that
patients receive the care they need and deserve. The poten-
tial benefits of utilizing these models are vast, from improv-
ing patient outcomes to reducing the burden on healthcare
systems. Overall, the use of our combined models has the
potential to revolutionize the way in which liver fibrosis is
diagnosed and treated in primary care settings.

Our study cohort involving multiple centers provides well
characterized clinical data, including liver histology informa-
tion representing the current gold standard reference for
comparison to the NITs. However, some limitations should
be acknowledged. First, as this was a retrospective study,
we did not have imaging test data for some of our subjects.
Second, all the patients were recruited from tertiary centers
and may not be fully representative of community-dwelling
patients, which limits the generalizability of our findings to

other populations.

In conclusion, the combined model of NFS-APRI developed
in our study showed better performance than individual NITs.
The model could reduce indeterminate zones and optimize
referral pathways, highlighting it as a useful tool for targeted
screening for liver fibrosis in patients afflicted with both CHB
and HS. Additional research is needed to validate our study
findings and extend our understanding of the clinical utility of
combined NITs models, particularly in cases of CHB with con-
current HS. Further studies are needed to provide valuable in-
sights into the efficacy of this approach, and pave the way for
more widespread adoption of these models in clinical practice.
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