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Abstract

Background: This study investigated clinical characteristics and chronic factors of drug-induced liver injury (DILI) among patients
with chronic hepatitis B virus (HBV) infection.
Methods: DILI patients were enrolled and divided into a DILI group and an HBV+DILI group. Laboratory indicators were recorded
and analyzed. Multivariate logistic regression and the receiver operating characteristic (ROC) curve were used to determine risk
factors and the predictive value for chronic DILI.
Results: Of all the 114 patients, 87 were in the DILI group and 27 were in the HBV+DILI group. Baseline total bilirubin (TBIL), direct
bilirubin (DBIL), and incidence of chronicity were significantly higher in the HBV+DILI group than in the DILI group (P = 0.017, P =
0.037, P = 0.045, respectively). However, platelet (PLT) and prothrombin activity (PTA) were significantly lower in the HBV+DILI group
than in the DILI group (P = 0.022, P = 0.013, respectively). HBV infection, baseline aspartate aminotransferase (AST) > 200 U/L, and
TBIL > 34.2 µmol/L were predictors of chronic DILI (OR = 4.481 [95% CI, 1.298 - 15.470], P = 0.018; OR = 8.478 [95% CI, 2.079 - 34.566], P =
0.003; OR = 7.358 [95% CI, 2.215 - 24.446], P = 0.001). The area under ROC curve (AUC) of joint diagnosis for chronic DILI was 0.814 (95%
CI, 0.704 - 0.925, P < 0.001), which was significantly higher than that of single parameter prediction. Also, the sensitivity, specificity,
positive predictive value, and negative predictive value of joint diagnosis were 81.0%, 73.1%, 40.5%, and 94.4%, respectively.
Conclusions: HBV infection aggravated liver injury. HBV infection, baseline AST > 200 U/L, and TBIL > 34.2 µmol/L were predictors
of chronic DILI, and their joint diagnosis could be used to predict chronic DILI effectively.
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1. Background

Drug-induced liver injury (DILI) is the most common
and severe adverse effect of drugs, which is caused by the
drug itself or its metabolites (intrinsic hepatotoxicity) to
the liver, or the hypersensitivity reaction and intolerance
of our body (idiosyncratic hepatotoxicity) (1). There are
about 1000 kinds of drugs approved for marketing and
traditional drugs that have so far been proved potentially
hepatotoxic and may induce DILI (2, 3). The annual inci-
dence of DILI in the general population in China is esti-
mated to be 23.80/100000 (4). Meanwhile, China is a high
prevalence area of hepatitis B virus (HBV), and there are 70
million patients with chronic HBV infection (5). Some of

them under treatment with drugs for other diseases can
inevitably cause DILI. Previous studies have reported that
patients with chronic HBV infection complicated with DILI
have more severe liver damage and a higher proportion of
poor prognoses such as chronicity and liver failure (6, 7).
However, studies exploring prognostic factors of patients
with chronic HBV infection complicated with DILI are still
limited.

2. Objectives

We conducted this analysis to discuss the clinical char-
acteristics and chronic factors of DILI in chronic hepatitis
B infection patients.
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3. Methods

3.1. Patients and Study Design

Patients who were clinically diagnosed as DILI accord-
ing to the Roussel Uclaf Causality Assessment Method (RU-
CAM) score (1) and histopathologically supported after-
ward by liver biopsy were retrospectively enrolled from
January 2018 to March 2019 in the Second Department of
Hepatology, the Beijing Ditan Hospital. Entry standards
were as follows: (1) patients with abnormalities in liver
function tests after admission to our hospital including
any one of the following: ALT ≥ 5 fold elevation above
the upper limit of normal (ULN) or ALP ≥ 2 × ULN in
the absence of known bone pathology or TBIL > 2 ×
ULN and ALT ≥ 3 × ULN; (2) having a definite history of
drug use (herbal medicine and dietary supplements, non-
steroidal anti-inflammatory drugs [NSAIDs], anti-infective
drugs, hormone drugs, cardio-cerebrovascular drugs, and
other drugs) ; (3) the RUCAM score≥ 6; and (4) a DILI diag-
nosis supported by the liver biopsy result and no marked
liver inflammatory damage (below G2) caused by other dis-
eases. Also, exclusion criteria were as follows: (1) prior
known cases of viral hepatitis (apart from hepatitis B) and
cytomegalovirus, Epstein-Barr virus, human immunodefi-
ciency virus (HIV), and other non-hepatitis virus infection;
and (2) combination with other liver diseases, such as alco-
holic hepatitis, autoimmune hepatitis, metabolic hepati-
tis, nonalcoholic fatty liver disease, Wilson’s disease, liver
cirrhosis, and liver cancer. The enrolled patients were di-
vided into two groups based on the status of HBV infec-
tion: DILI and HBV+DILI, with hepatitis B surface antigen
(HBsAg) ≥ 0.05 IU/mL lasting for more than six months
and no history of antiviral drug use. Combined with the
liver biopsy results, patients with chronic HBV infection
referred to the patients in the immune tolerance phase
(chronic HBV carrier status) or the immune control phase
(inactive HBsAg carrier status).

All the patients were followed for six months (180 days)
after their liver injuries were diagnosed. During the first
admission to our hospital for DILI diagnosis and follow-up
periods, information on demographics (age, sex), serum
HBV markers (HBsAg), hepatic panel (including alanine
aminotransferase [ALT], aspartate aminotransferase [AST],
total bilirubin [TBIL], alkaline phosphatase [ALP]), blood
routine, coagulation index (platelet [PLT], prothrombin ac-
tivity [PTA]), liver imaging examination as well as types of
drugs that caused liver injury and clinical outcomes were
recorded. The clinical characteristics of DILI in chronic
hepatitis B infection patients were analyzed by comparing
the baseline laboratory indicators. For clinical outcomes,
univariate and multivariate logistic regression were used
to analyze the independent risk factors for DILI chronicity,

and the receiver operating characteristic (ROC) curve was
used to analyze the predictive value of the joint diagnosis.

The study was designed and performed according to
the Helsinki criteria after evaluation by the Ethical Com-
mittee of the Beijing Ditan Hospital. This was a retrospec-
tive study that did not need informed consent.

3.2. Definition

R-value (ALT/ULN÷ALP/ULN) was calculated according
to the patient’s liver tests at the time of the DILI diagno-
sis. The patterns of DILI were defined as follows: The hep-
atocellular pattern as ALT levels ≥ 3 × ULN and R-value
≥ 5; cholestatic pattern as ALP ≥ 2 × ULN and R-value ≤
2; mixed pattern as ALT ≥ 3 × ULN and ALP ≥ 2 × ULN
with R-value between 2 and 5. Laboratory and clinical data
were applied to classify the severity of the liver injury. The
severities of DILI were defined as follows (1) Grade-0 (no
liver injury): The patients could tolerate the exposed drugs,
and there was no hepatotoxic reaction; Grade-1 (mild): Re-
coverably elevated serum ALT and/or ALP levels (TBIL <
2.5 × ULN [2.5 mg/dL or 42.75 µmol/L] with the interna-
tional normalized ratio [INR] < 1.5). Most of the patients
could adapt, with or without fatigue, weakness, nausea,
anorexia, right upper abdominal pain, jaundice, pruritus,
rash, weight loss, and other symptoms; Grade-2 (moder-
ate): Elevated serum ALT and/or ALP levels (TBIL > 12.5 ×
ULN, or no increase in TBIL but INR≥ 1.5). The above symp-
toms may be aggravated; Grade-3 (moderately severe): Ele-
vated serum ALT and/or ALP levels (TBIL > 5×ULN [5 mg/dL
or 85.5 µmol/L] with or without INR ≥ 1.5). The patients’
symptoms worsened and required hospitalization or pro-
longed hospitalization; Grade-4 (severe): Elevated serum
ALT and/or ALP levels (TBIL ≥ 10 × ULN [10 mg/dL or 171
µmol/L] or increased daily ≥ 1.0 mg/dL [17.1 µmol/L], INR
≥ 2 or PTA < 40%), which could be accompanied with clin-
ical manifestations as (1) ascites or hepatic encephalopa-
thy and (2) other organ failure related to DILI; Grade-5 (fa-
tal): The patient died or underwent liver transplantation
because of a DILI event within six months of onset (1). In
this article, the severity of DILI was classified as mild, mod-
erate, severe and above (including moderately severe, se-
vere, and fatal).

Clinical outcomes were described in our study as cure
(ALT, TBIL, and INR returned to normal range) and chronic-
ity (ALT, AST, ALP, and TBIL were persistently abnormal, or
there were radiological and histological pieces of evidence
of portal hypertension or chronic liver injury six months
after the diagnosis of DILI) (1). In order to support the diag-
nosis of chronic DILI and provide proper treatment in time,
liver biopsy was performed again on patients with per-
sistently abnormal biochemical indicators (ALT, AST, ALP,
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and TBIL) six months after the diagnosis of DILI, especially
those with a history of chronic HBV infection.

3.3. Laboratory Assays

A Hitachi automatic biochemistry analyzer was used to
detect liver function (Wako Pure Chemical Industries, Ltd.,
Japan). Routine blood testing was assayed using a SYSMEX
XE5000 system (Sysmex Corp., Japan). Also, a STAGO STR
automatic analyzer (Stago group, France) was used to per-
form coagulation testing. The HBsAg was detected using
the Abbott Architac i2000 chemiluminescence reagent.

3.4. Liver Biopsy

The pathological slides of the liver biopsy were ob-
served with the Nikon Eclipse 80i Microscope (Nikon, Inc.,
Japan). All stained liver biopsy specimens were reviewed
and diagnosed by three experienced pathologists from the
Beijing Ditan Hospital, who were blinded to any other clin-
ical and laboratory data of the patients.

3.5. Statistical Analysis

The statistical analysis was performed using SPSS 21.0
software (IBM Inc., Armonk, NY). Quantitative data with
normal distributions were denoted as means ± standard
deviations (SD), and the Student’s t test was used to com-
pare the differences. Abnormally distributed quantitative
data were denoted as medians (lower quartile, upper quar-
tile [Q1, Q3]), and the Mann-Whitney U test was performed
to compare the differences. Categorical variables were ex-
pressed as frequency and percentage. The rank variables of
the categorical variables were compared using the Mann-
Whitney U test, and the rest of the categorical variables
were compared using the chi-square test or Fisher’s exact
test, as appropriate. The odds ratio (OR) and 95% confi-
dence interval (95% CI) of variables with theoretical clini-
cal importance for chronic outcome were calculated, and
those that achieved a P-value of < 0.100 in the univariate
analysis were included in the multivariate logistic regres-
sion analysis. A conditional forward method was used to
select independent risk factors for chronic DILI. ROC and
the area under ROC (AUC) were used to evaluate the predic-
tive value of joint diagnosis for chronic DILI. A two-tailed
P-value of < 0.050 was considered statistically significant.

4. Results

4.1. Baseline Characteristics

Among 126 patients who were suspected of DILI accord-
ing to the RUCAM scoring system and further supported
by the liver biopsy, 12 were excluded (eight for missing

data, two for liver cancer, and two for HIV infection). A to-
tal of 114 patients were enrolled, of whom 87 were recog-
nized as the DILI group, and the other 27 were recognized
as the HBV+DILI group. The mean age of the enrolled pa-
tients, comprising 31 males and 83 females, was 43.77 ±
13.76 years. We found that the proportion of female pa-
tients was higher than that of male patients in both groups
(DILI: 75.86% [66/87] vs. 24.14% [21/87]; HBV+DILI: 62.96%
[17/27] vs. 37.04% [10/27]), and there were no significant dif-
ferences in demographic characteristics between the two
groups, as shown in Table 1.

In the DILI group and the HBV+DILI group, the top
three implicated agents causing liver injury were: herbal
medicine and dietary supplements (DILI: 41/87 [47.13%] and
HBV+DILI: 12/27 [44.44%]) and NSAIDs (DILI: 19/87 [21.84%]
and HBV+DILI: 7/27 [25.93%]) and anti-infective drugs (DILI:
10/87 [11.49%] and HBV+DILI: 4/27 [14.81%]), respectively. Pa-
tients in the HBV+DILI group showed no statistical differ-
ence in types of drugs causing liver injury compared to the
DILI group, as shown in Table 1.

According to the liver function tests at the time of DILI
diagnosis, 92/114 (80.70%), 14/114 (12.28%), and 8/114 (7.02%)
patients were classified as hepatocellular, cholestatic, and
mixed patterns of DILI, respectively. The patterns of
liver injury in both groups were hepatocellular injury,
cholestatic injury, and mixed injury in order of proportion.
There was a statistical difference between the two groups
regarding liver injury type (χ2 = 7.919, P = 0.019). The pro-
portion of mixed type was higher in the HBV+DILI group
than in the DILI group (18.52% [5/27] vs. 3.45% [3/87], P =
0.025), while the proportion of hepatocellular injury type
was higher in the DILI group than in the HBV+DILI group
(86.21% [75/87] vs. 62.96% [17/27], P = 0.008). The severity
of the liver injury was mainly mild in both groups, which
accounted for 66.67% (58/87) and 51.85% (14/27) of the pa-
tients, respectively. Patients in the HBV+DILI group had a
higher proportion of severe and above liver injury (29.63%
[8/27] vs. 11.49% [10/87], P = 0.034), although not significant,
as shown in Table 1.

4.2. Laboratory Tests at Baseline

Baseline TBIL (39 vs. 22 µmol/L, P = 0.017), DBIL (26 vs.
10 µmol/L, P = 0.037), and HGB (135.52 vs. 127.82 G/L, P = 0.
039) were significantly higher in the HBV+DILI group than
in the DILI group. However, baseline PLT (152 vs. 187× 109/L,
P = 0.022) and PTA (78.39 vs. 88.80 %, P = 0.013) were signifi-
cantly lower in the HBV+DILI group than in the DILI group,
as shown in Table 2.

4.3. Clinical Outcomes

A total of 21 patients still had persistent hepatochem-
ical abnormalities six months after DILI diagnosis. Liver
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Table 1. The Baseline Characteristics of the DILI and HBV+DILI Group Patients a , b

Baseline Characteristics Total (N = 114) DILI Group (N = 87) HBV+DILI Group (N = 27) χ2 /Z/t P-Value

Gender

Male 31 (27.19) 21 (24.14) A 10 (37.04) A 1.732 0.188

Age (y) 43.77 ± 13.76 43.60 ± 14.09 44.33 ± 12.89 -0.242 0.810

Drug history 1.039 0.959

Herbal medicine and dietary supplements 53 (46.49) 41 (47.13) A 12 (44.44) A

NSAIDs 26 (22.81) 19 (21.84) A 7 (25.93) A

Anti-infective drugs 14 (12.28) 10 (11.49) A 4 (14.81) A

Hormone drugs 8 (7.02) 6 (6.90) A 2 (7.41) A

Cardio-cerebrovascular drugs 5 (4.39) 4 (4.60) A 1 (3.70) A

Other drugs 8 (7.02) 7 (8.05) A 1 (3.70) A

Type 7.919 0.019

Hepatocellular pattern 92 (80.70) 75 (86.21) A 17 (62.96) B

Cholestatic pattern 14 (12.28) 9 (10.34) A 5 (18.52) A

Mixed pattern 8 (7.02) 3 (3.45) A 5 (18.52) B

Degree -1.749 0.080

Mild 72 (63.16) 58 (66.67) A 14 (51.85) A

Moderate 24 (21.05) 19 (21.84) A 5 (18.52) A

Severe and above 18 (15.79) 10 (11.49) A 8 (29.63) B

Abbreviations: DILI, drug-induced liver injury; HBV, hepatitis B virus; NSAIDs, non-steroidal anti-inflammatory drugs; SD, standard.
a Values are expressed as No. (%) or mean ± SD.
b Each capital subscript letter represents a subset of the group. At the level of 0.050, the same letter indicates no significant difference between the proportions of the
two groups, while different letters indicate a statistically significant difference between the proportions of the two groups.

biopsy results in all the patients suggested the marked
presence of chronic liver inflammation (above G2) caused
by DILI. In those DILI patients with a history of HBV infec-
tion, liver biopsy results suggested marked chronic liver
inflammation accompanied by no (G0) or only mild (G1) in-
flammation which was caused by HBV infection. Therefore,
a total of 21 patients were diagnosed with chronic DILI, and
the incidence of DILI chronicity in the HBV+DILI group was
higher than that in the DILI group (33.33% [9/27] vs. 13.79%
[12/87]), and the difference was statistically significant (χ2

= 4.016, P = 0.045), as shown in Table 3.

4.4. Prediction of Chronic DILI Based on Clinical Parameters

Univariate analysis and multivariate regression analy-
sis were used to determine factors associated with the out-
comes of the patients. Continuous variables, such as ALT,
AST, TBIL, ALP, PLT, and PTA, were converted into categori-
cal variables, as shown in Table 4. The results of univari-
ate analysis and multivariate regression analysis revealed
that HBsAg-positive (+), baseline AST > 200 U/L, and base-
line TBIL > 34.2 µmol/L were independent risk factors for
chronic DILI (OR = 4.481 [95% CI, 1.298 - 15.470], P = 0.018; OR
= 8.478 [95% CI, 2.079 - 34.566], P = 0.003; OR = 7.358 [95% CI,

2.215 - 24.446], P = 0.001), as shown in Table 5. These three
variables were combined to calculate a joint predictor, ie,
the variable "joint diagnosis," which was an index with a
numerical value. Based on the above three parameters, the
following logistic regression model (LRM) of joint diagno-
sis was established:

Y = -8.686 + 1.500 × HBsAg + 2.137 × AST + 1.996 × TBIL
If the patient was HBsAg (+) or AST > 200 U/L or TBIL

> 34.2 µmol/L, the value at HBsAg or AST or TBIL in the for-
mula was 2; If not, the value 1 was taken into the formula. It
is worth noting that the numerical value of joint diagnosis
results from Y in the above formula.

The AUC of HBsAg (+), AST > 200 U/L, and TBIL > 34.2
µmol/L for predicting DILI chronicity were 0.618 (95% CI,
0.476-0.759), 0.636 (95% CI, 0.513-0.759) and 0.698 (95% CI,
0.577-0.819), respectively. Compared with single parameter
prediction, the joint diagnosis of HBsAg (+), baseline AST
> 200 U/L, and baseline TBIL > 34.2 µmol/L had a higher
AUC (0.814 [95% CI, 0.704 - 0.925], P < 0.001) for predict-
ing chronic DILI, as shown in Table 6 and Figure 1. By us-
ing a cut-off value ≥ 0.170 in the LRM of joint diagnosis
for predicting chronic DILI, the sensitivity, specificity, pos-
itive predictive value (PPV), and negative predictive value
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Table 2. The Baseline Laboratory Indicators of the DILI and HBV+DILI Group Patients

Baseline Laboratory Indicators Total (N = 114) DILI Group (N = 87) HBV+DILI Group (N = 27) Z/t P-Value

ALT (U/L) 450.5 (255,921) 466 (274,853) 363 (119,1123) -1.193 0.233

AST (U/L) 228 (121,541) 247 (144,541) 188 (74,643) -1.230 0.219

TBIL (µmol/L) 31 (15,59) 22 (13,52) 39 (23,122) -2.393 0.017

DBIL (µmol/L) 17 (7,46) 10 (6.3,40) 26 (11,97) -2.090 0.037

γ-GT (U/L) 165.5 (99,261) 182 (101,264) 150 (63,210.2) -1.563 0.118

ALP (U/L) 134.5 (94,177) 135 (96,197) 121 (92,153) -1.353 0.176

ALB (g/L) 39 (36,42) 39 (36,42) 39 (35,41) -0.790 0.430

TBA (µmol/L) 31.5 (10,157) 31 (10,147) 37 (13,198) -0.673 0.501

PLT (× 109 /L) 185 (137,220) 187 (152,231) 152 (124,196) -2.283 0.022

PTA (%) 86.34 ± 19.15 88.80 ± 16.75 78.39 ± 24.08 2.527 0.013

WBC (× 109 /L) 4.68 (3.91,5.88) 4.67 (3.92,6.23) 5.00 (3.75,5.80) -0.220 0.826

EO (× 109 /L) 0.07 (0.04,0.13) 0.07 (0.04,0.15) 0.07 (0.04,0.12) -0.063 0.949

HGB (g/L) 129.5 (121,141) 127.82 ± 17.51 135.52 ± 13.72 -2.092 0.039

Abbreviations: DILI, drug-induced liver injury; HBV, hepatitis B virus; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin; DBIL, direct
bilirubin;γ-GT,γ-glutamyl transpeptidase; ALP, alkaline phosphatase; ALB, albumin; TBA, total bile acid; PLT, platelet; PTA, prothrombin time activity; WBC, white blood
cell; EO, eosinophilic granulocyte; HGB, hemoglobin; SD, standard; (Q1 and Q3), (lower quartile and upper quartile)
a Values are expressed as median, Q1Q3 or mean ± SD.

Table 3. The Clinical Outcomes of the DILI and HBV+DILI Group Patients a

Clinical Outcomes Total (N = 114) DILI Group (N = 87) HBV+DILI Group (N = 27) χ2 P-Value

Cure 93 (81.58) 75 (86.21) 18 (66.67) 4.016 0.045

Chronicity 21 (18.42) 12 (13.79) 9 (33.33)

Abbreviations: DILI, drug-induced liver injury; HBV, hepatitis B virus.
a Values are expressed as No. (%).

(NPV) were 81.0%, 73.1%, 40.5%, and 94.4%, respectively. The
AUC value, sensitivity, PPV, and NPV of joint diagnosis were
higher than those of single diagnosis in predicting chronic
DILI.

5. Discussion

Our study showed that females were more likely to suf-
fer DILI than males, which was consistent with a previ-
ous study (8, 9). Also, there were more male patients in
the HBV+DILI group than in the DILI group, which may be
related to the fact that males are more likely to develop
chronic HBV infection status (10). We also found a signif-
icant difference in the HGB level between the DILI group
and the HBV+DILI group, possibly due to the same reason
for gender, as the HGB level is generally higher in males
than in females within the physiological range (11).

We found that baseline TBIL and DBIL levels were sig-
nificantly higher in the HBV+DILI group than in the DILI
group, which is similar to that reported by Chen et al. (6).

Compared with patients with DILI alone, chronic HBV in-
fection may increase the production of inflammatory cy-
tokines, accompanied by the free radicals produced by
drugs or its metabolites to trigger a more robust immune
response, which leads to further severe damage to the liver
(12). Meanwhile, the mixed DILI was more common in the
HBV+DILI group than in the other group. The mixed DILI
showed a large amount of cholestasis due to the aggrava-
tion of cholangiocyte inflammation, manifested by the sig-
nificantly elevated bilirubin level (13), which is consistent
with the above results.

The baseline PLT level in the HBV+DILI group was sig-
nificantly lower than that in the DILI group, which may be
since patients with chronic HBV infection suffered more se-
vere liver damage and produced less thermoplastic poly-
olefin (TPO). It may also be associated with increased
platelet destruction caused by hypersplenism and the loss
of hematopoietic function of the bone marrow caused by
HBV infection (14, 15). Our study showed that the baseline
level of PTA was statistically lower in the HBV+DILI group
than in the DILI group, which was due to the decrease of
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Table 4. The Laboratory Indicator Variable Assignment Form

Variable Classified Variable Assignment Instructions

ALT (U/L) 1: ≤ 200 ; 2: > 200 Based on the definition of DILI, the point is 200

AST (U/L) 1: ≤ 200 ; 2: > 200 Based on the definition of DILI, the point is 200

TBIL (µmol/L) 1: ≤ 34.2 ; 2: > 34.2 Based on the definition of DILI, the point is 34.2

ALP (U/L) 1: ≤ 250 ; 2: > 250 Based on the definition of DILI, the point is 250

PLT (× 109 /L) 1: ≤ 100 ; 2: > 100 Based on the PLT’s lower limit of normal, the point is 100

PTA (%) 1: ≤ 70 ; 2: > 70 Based on the PTA’s lower limit of normal, the point is 70

Abbreviations: DILI, drug-induced liver injury; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin; ALP, alkaline phosphatase; PLT,
platelet; PTA, prothrombin time activity.

Table 5. The Univariate and Multivariate Regression Analysis of Clinical Outcomes a , b

Factors
Univariate Analysis Multivariate Analysis

OR 95% CI P-Value OR 95% CI P-Value

HBsAg (+) 3.125 1.143~ 8.544 0.026 4.481 1.298~ 15.470 0.018

ALT > 200 (U/L) 2.771 0.596~ 12.873 0.193 - - -

AST > 200 (U/L) 3.655 1.142~ 11.694 0.029 8.478 2.079~ 34.566 0.003

TBIL > 34.2
(µmol/L)

5.553 1.868~ 16.504 0.002 7.358 2.215~ 24.446 0.001

ALP > 250 (U/L) 0.308 0.038~ 2.493 0.270 - - -

PLT > 100 (× 109 /L) 0.894 0.176~ 4.551 0.893 - - -

PTA > 70 (%) 0.296 0.100~ 0.882 0.029 - - -

Abbreviations: HBsAg (+), hepatitis B surface antigen-positive; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin; ALP, alkaline phos-
phatase; PLT, platelet; PTA, prothrombin time activity; CI, confidence interval; OR, odds ratio.
a"-" refers to no relevant data.
b All variables with P-value < 0.100 in the univariate analysis were included in the multivariate analysis.

Table 6. The Efficacy Analysis of HBsAg (+), AST > 200 U/L, TBIL > 34.2 µmol/L, and Joint Diagnosis in Diagnosing Chronic DILI a

Factors AUC (95% CI) Cut-off Value Sensitivity Specificity PPV NPV

HBsAg (+) 0.618 (0.476~ 0.759) - 42.9 80.6 33.3 86.2

AST > 200 U/L 0.636 (0.513~ 0.759) - 81.0 46.2 25.4 91.5

TBIL > 34.2 µmol/L 0.698 (0.577~ 0.819) - 76.2 63.4 32.0 92.2

Joint diagnosis 0.814 (0.704~ 0.925) 0.170 81.0 73.1 40.5 94.4

Abbreviations: HBsAg (+), hepatitis B surface antigen-positive; AST, aspartate aminotransferase; TBIL, total bilirubin; ROC, receiver operating characteristic; AUC, area
under ROC; PPV, positive predictive value; NPV, negative predictive value; CI, confidence interval.
a Values are expressed as percent unless otherwise indicated.
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Figure 1. The AUCs of HBsAg (+), AST > 200 U/L, TBIL > 34.2 µmol/L, and joint diagnosis for diagnosing chronic DILI

coagulation factors mainly synthesized by the liver, indi-
cating the more serious hepatocellular damage (16).

The HBV+DILI group had a higher proportion in the
type of severe liver injury than the DILI group, although
not statistically significant. The difference may be at-
tributed to the inflammatory environment caused by
chronic HBV infection reducing the activities of P450
enzyme and glucuronosyltransferase, and the level of
glutathione, which resulted in the disorder of drug
metabolism and the accumulation of a large number of
toxic substances.

Recent studies have revealed that about 20% of acute
DILI patients would progress to chronic outcomes (2). In
this study, 18.42% of the patients developed chronic DILI,
and the incidence of the chronic outcome in the HBV+DILI
group was significantly higher than that in the DILI group,
which might be due to more severe liver damage and poor
hepatocellular regeneration caused by chronic HBV infec-

tion. Women, advanced age, dyslipidemia, and the severity
of acute attack have been stated to be the risk factors for
chronic DILI (17). Some studies have also revealed that di-
clofenac (18), anti-infective drugs (19), and statins (20) are
associated with a higher risk of chronic DILI. However, cur-
rent blood biomarkers are not ideal enough in predicting
DILI chronicity. Studies (21) have shown that total keratin
18 and the macrophage colony-stimulating factor receptor
combined with the end-stage liver disease model are more
accurate in evaluating disease progression or chronic out-
come. Meanwhile, osteopontin has so far been the best pre-
dictor of adverse outcomes, including liver failure (21). The
serum microRNA-122 level has been proposed to predict ad-
verse outcomes such as subsequent development of DILI
to liver failure (22). Zhu et al. (23) have reported that pro-
longer T0.5TBil (total bilirubin decreased from peak to half
of the peak), an index of cholestasis, is an early and inde-
pendent predictor of chronic DILI. These findings need to
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be further validated by larger prospective studies. Previous
studies have demonstrated that DILI patients with chronic
HBV infection are associated with a higher likelihood of
chronic DILI (6, 7), and serum AST and TBIL levels can be pre-
dictors of the incidence of liver disease-related adverse out-
comes (24, 25). In our study, although HBsAg (+), baseline
AST > 200 U/L, and baseline TBIL > 34.2 µmol/L were inde-
pendently associated with DILI chronicity, the AUCs for pre-
dicting DILI chronicity were only 0.618, 0.636, and 0.698,
respectively. These results suggested that using a single pa-
rameter was challenging to predict chronic outcomes in
DILI patients. In order to establish an index model to pre-
dict chronic DILI, the parameters of categorical variables,
including HBsAg (+), baseline AST > 200 U/L, and baseline
TBIL > 34.2 µmol/L, were combined to create a new index.
Joint diagnosis and its diagnostic power were tested by
ROC later. Our findings indicated that the LRM of the joint
diagnosis we developed could be used to predict chronic
outcomes effectively in DILI patients.

Several limitations of this study should be noted. First,
it was a retrospective study performed at a single center
with a small sample. Second, the data of HBV viral load
were unavailable, and hence, we could not analyze the
impact of different HBV viral loads on DILI patients with
chronic HBV infection.

In conclusion, our study demonstrated that chronic
HBV infection could aggravate liver injury and increase the
incidence of chronic DILI. HBsAg (+), baseline AST > 200
U/L, and baseline TBIL > 34.2 µmol/L were independent
risk factors of DILI chronicity. The LRM of joint diagnosis
had a higher AUC value, sensitivity, PPV, and NPV, which
could be used in clinical prediction of early chronic DILI
and strengthen follow-up of corresponding patients.
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