MEDIC.
SCIEN (R

CLINICAL RESEARCH

. e-ISSN 1643-3750

© Med Sci Monit, 2019; 25: 3344-3353
MON TOR DOI: 10.12659/MSM.916687

oo 0100895 Dyslipidemia is a Risk Factor for the Incidence

publihed zotee and Severity of Drug-Induced Liver Injury (DILI):
A Retrospective Population-Based Study in
China

Authors’ Contribution: pE 1 Xu Li 1 Department of Hepatology, The First Hospital of Jilin University, Jilin University,
Study Design A cF2 Le Wang Changchun, Jilin, P.R. China
Data Collection B N 2 Department of Ultrasound, The First Hospital of Jilin University, Jilin University,
Statistical Analysis C 81 Dezhao Li Changchun, Jilin, PR. China
Data Interpretation D A1l Junqi Niu

Manuscript Preparation E AG 1 Pujun Gao
Literature Search F

Funds Collection G

Corresponding Authors: Jungi Niu, e-mail: 874030867@qq.com, Pujun Gao, e-mail: gpj0411@163.com
Source of support: This study was supported by the Science and Technology Development Program of Jilin Province (Grant No. 20190103079JH)

Background: A Chinese population-based study aimed to investigate the risk factors for the incidence and severity of drug-
induced liver injury (DILI) from Chinese herbal medicines and conventional Western medicines.
Material/Methods: Liver biopsy and routine laboratory testing, including serum lipid measurements, was performed on 465 pa-
tients, including 168 patients with DILI and 297 patients without DILI. Histological grading of DILI used the
METAVIR scoring system and the severity of DILI was graded as levels 0-5. Multivariate and univariate regres-
sion analysis were used to compare the two study groups, using a risk-adjusted odds ratio (AOR).

Results: There was no significant association between age, alcohol status, cardiovascular disease (CVD), hypertension,
or type 2 diabetes mellitus and development of DILI. However, when compared with controls, patients with
dyslipidemia (AOR, 2.173; 95% Cl, 1.388-3.401; P=0.001) had an increased incidence of DILI, and men had
a reduced incidence of DILI when compared with women (AOR, 0.276; 95% Cl, 0.169-0.450; P<0.001). Risk fac-
tors for severe DILI (>level 3) included drinking alcohol (AOR, 6.506; 95% Cl, 2.184-19.384; P=0.001), and dys-
lipidemia (AOR, 3.095; 95% Cl, 1.345-7.123; P=0.008). Patients with an increased duration of drug treatment
of >1 year had a reduced risk of developing severe DILI compared with patients with a medication duration of
<1 month (AOR, 0.259; 95% Cl, 0.084-0.802).

Conclusions: Increased risk of the incidence of DILI was significantly associated with female gender and dyslipidemia, and
the risk of developing severe DILI was associated with drinking alcohol and dyslipidemia.
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Background

Drug-induced liver injury (DILI), also known as drug-induced
hepatotoxicity, is due to an adverse reaction to a medication
or a combination of medications and represents a major health
concern. Although DILI is relatively uncommon, its incidence
has risen steadily over the last decade in adults across all re-
gions of the world [1-4]. The reported incidence of DILI is likely
to be lower than the actual incidence due to under-reporting
and difficulty in the diagnosis. The diagnosis is complicated
by the varied clinical presentation of DILI, which arises from
individual or idiosyncratic responses to medications and spe-
cific host interactions with the causative drug or combination
of drugs [5,6]. Fortunately, when the offending drug is with-
drawn, liver damage is largely resolved, but DILI can persist
and even progresses in a small percentage of cases.

There are several complex risk factors for the occurrence and
severity of DILI [7]. Many of these risk factors are related to
genetic, immunological, and metabolic factors of the individual,
and each plays an important role [8]. Specifically, individuals who
are elderly [9], female [3], or who suffer from chronic liver dis-
ease [10] are more susceptible to DILI. Recently, additional risk
factors, such as excess weight, metabolic syndrome, type 2 dia-
betes, and non-alcoholic fatty liver disease (NAFLD), have been
suggested to contribute to the presentation and outcome in pa-
tients with DILI, but evidence supporting these risk factors is lim-
ited [11,12]. The characteristics of the causative drug may also
contribute to DILI, including the medication dose, lipophilicity, and
the extent of hepatic metabolism, but there have been few stud-
ies to identify these drug characteristics with the incidence of DILI.

Therefore, a retrospective population-based study aimed to
investigate the risk factors for the incidence and severity of
drug-induced liver injury (DILI) from Chinese herbal medicines
and conventional Western medicines in China.

Material and Methods

Patients

A retrospective population-based case-control study was con-
ducted at The First Hospital of Jilin University in China between
January 2010 and June 2018. A total of 1,887 patients who
underwent liver biopsy and routine laboratory tests were ret-
rospectively screened for inclusion in the study. We excluded
1,422 patients with incomplete medical information, and the
remaining 465 patients with complete laboratory information,
medical history, and drug history were included in the study. Of
these, 168 patients with a diagnosis of drug-induced liver in-
jury (DILI) were included in the study group, and 297 patients
without DILI were included in the control group.
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The Independent Institutional Review Board of The First Hospital
of Jilin University approved the recruitment of study partici-
pants and the study protocol. Each study participant provided
written informed consent prior to enrollment in the study.

Liver biopsy and histological levels of drug-induced liver
injury (DILI)

DILI was diagnosed based by histology of the percutaneous
liver biopsies, which were collected using ultrasound localiza-
tion and the Menghini technique [13]. Liver samples were fixed
in formalin and paraffin-embedded for histological analysis.
Liver biopsies were excluded from analysis if they contained
less than three portal tracts. Histopathology was performed
by two liver pathologists who were blinded to all clinical in-
formation. If required, diagnostic differences between the
two pathologists were settled by a third experienced hepato-
pathologist who was blinded to clinical information and the
diagnosis of the other pathologists. The METAVIR scoring sys-
tem was used to quantify the degree of inflammation and fi-
brosis histologically in the liver biopsies that showed DILI [14].

Evaluation of the severity of DILI

The severity of DILI was defined in levels according to the 2015
Chinese Guideline for Diagnosis and Treatment of DILI [15].
The levels ranged from exposure to a causative drug but no
liver injury (level 0) to death of the patient or severe liver dam-
age requiring a transplant (level 5). Level 1 DILI was defined
by a mild increase in serum enzyme activity, including total
bilirubin (TBil) <2.5 ULN, and International Normalized Ratio
(INR) <1.5. More extensive liver injury with early impairment
of liver function, indicated by increased serum alanine amino-
transferase (ALT) and/or alkaline phosphatase (ALP), TBil >2.5
ULN, or INR >1.5, was defined as level 2 DILI. Severe clinical
illness with significant jaundice and disabling symptoms and
TBil 25 ULN and/or INR >1.5 indicated level 3 DILI. Level 4 DILI
was defined by an increase in ALT and/or ALP, TBil >10 ULN, or
a TBil that increased by >17.1 pmol/L per day, INR >2.0, pro-
thrombin activity (PTA) >40%, or secondary loss of other or-
gan functions, such as the brain (encephalopathy) or kidney
(hepatorenal syndrome).

Diagnosis of fatty liver and dyslipidemia

The diagnosis of fatty liver was based on liver biopsy exam-
ination or ultrasound scan [16]. Dyslipidemia was defined
based on the National Cholesterol Education Program Adult
Treatment Panel Ill (ATPIII) criteria. Patients were considered
to have dyslipidemia if they had total cholesterol >240 mg/dL,
high-density lipoprotein cholesterol (HDL-C) <40 mg/dL, low-
density lipoprotein cholesterol (LDL-C) >160 mg/dL, or triglyc-
eride >200 mg/dL [17].
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Table 1. Demographic and clinical characteristics of cases of drug-induced liver injury (DILI) and controls.

Variable DILI N=168 Non-DILI N=297 P-value

Male, N (%) 41 (24.4) 146 (49.2) <0.001
Agelyears) 5000 (4400-5500) 43.00 (32005400 0001
Csmoking NG 27 a6y 41038 0506
Drinking N 2 @y 49062 0327
History of malignancy N%) 6 @6 2 ©n 0021
History of hypersensitivity, N (%) - 2 1900 % 8 0001
s 6 ©5 9 GO 0003
 Hypertension, N%) 2% (167 % 64 0007
Dyslipidemia, N®) 60 (357 64 (15) 0001
Diabetes, N%) 15 89 %6 8 0949
CFattyliverNG) 34 02 6 (12 0804
CAsTOUM 10000 (48.83-23060) 4350 (2885-103.65) 0001
CAaTQun 15000 (55.58-319.55) 6610 (33.05-16735) «©001
CTBILGmol) 2795 (1248-12213) 1740 (11.60-29.95) 0001
CAPQUY 12470 (95.85-196.73) 9100 (68.10-140.10 0001
CeeTOUM) 14765 (77.33-27553) 7230 (2885-18300) «©001

DILI — drug-induced liver injury; AST — aspartate aminotransferase; ALT — alanine aminotransferase; TBIL — total bilirubin; ALP — alkaline
phosphatase; GGT — gamma-glutamyltransferase; CVD — cardiovascular disease. Continuous variables are expressed as median
(25, 75t percentiles). Categorical variables are shown as numbers and percentages.

Demographic and clinical variables

The demographic and clinical characteristics evaluated in this
study included gender, age, smoking history, history of drink-
ing alcohol, a cause for liver disease, a history of hypersensi-
tivity, the presence of cardiovascular disease (CVD), the pres-
ence of hypertension, malignancy, type 2 diabetes, fatty liver
disease, and dyslipidemia. Data on the history of liver disease,
duration of exposure to the medication, the daily dose of the
medication, type of medication, and drugs that caused DILI in
patients in the study group were analyzed.

Biochemical parameters of the patients were also evaluated
at the time of liver biopsy by the collection of fasting blood
samples and subsequent routine laboratory testing. The bio-
chemical parameters measured included ALT, aspartate ami-
notransferase (AST), TBil, ALP, and gamma-glutamyl transpep-
tidase (GGT). Also, the INR and PTA were analyzed in patients
with DILI for the classification of the severity of liver injury.

Statistical analysis

Continuous variables were represented by the mean (25" and
75t percentiles), and categorical variables were described by
counts and percentages. Continuous variables were compared
using two-tailed independent sample t-tests, and categorical

variables were compared using the chi-squared (x?) test.
Multivariate logistic regression analysis was adjusted for po-
tential confounding variables, and the adjusted odds ratios
(AOR) and 95% confidence intervals (Cl) were calculated. All
data analysis was performed using SPSS version 13.0 (SPSS Inc.,
Chicago, IL, USA), and P<0.05 indicated statistical significance.

Results

Patient and control characteristics

Baseline demographic and clinical characteristics of 168 pa-
tients with drug-induced liver injury (DILI) and 297 patients
without DILI who were included in the study (total, n=465) are
shown in Table 1. Of the 168 patients with DILI, 41 were male
and 127 were female. The median age of the patients was 50.0
years, and 27 patients (16.1%) had a smoking history, 22 pa-
tients (13.1%) had a history of drinking alcohol, 28 patients
(16.7%) had hypertension, 60 patients (35.7%) had dyslipid-
emia, 32 patients (19.0%) had hypersensitivity, 34 patients
(20.2%) had fatty liver, 6 patients (3.6%) had a history of ma-
lignancy, 16 patients (9.5%) had a history of cardiovascular
disease (CVD), and 15 patients (8.9%) had type 2 diabetes.
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In the 297 patients without DILI, approximately half (49.2%)
were male. The median age of the control patients was 43.00
years, and 41 patients (13.8%) had a smoking history, 49 pa-
tients (16.2%) had a history of drinking alcohol, 25 patients
(8.4%) had hypertension, 64 patients (21.5%) had dyslipidemia,
26 patients (8.8%) had hypersensitivity, 63 patients (21.2%)
had fatty liver, 2 patients (0.7%) had a history of malignancy,
9 patients (3.0%) had a history of CVD, and 26 patients (8.8%)
had type 2 diabetes. Also, the serum aspartate aminotransfer-
ase (AST), alanine aminotransferase (ALT), total bilirubin (TBil),
alkaline phosphatase (ALP), and gamma-glutamyl transpepti-
dase (GGT) levels in the study group were significantly greater
than in the control group.

Clinical and demographic characteristics associated with
the incidence of DILI

Univariate analysis showed that gender, age, history of ma-
lignancy, history of hypersensitivity, and the presence of CVD,
hypertension, and dyslipidemia were significantly different be-
tween the study and control patients. Therefore, gender, age,
smoking status, alcohol drinking status, history of hypersen-
sitivity, presence of CVD, hypertension, type 2 diabetes, fatty
liver, dyslipidemia, and history of malignancy underwent mul-
tivariate analysis.

Patients with dyslipidemia had an adjusted odds ratio (AOR)
of 2.173 (95% Cl, 1.388-3.401; P=0.001) when compared with
patients without dyslipidemia (Table 2). Study participants who
smoked had an AOR of 2.273 (95% Cl, 1.211-4.265; P=0.011)
compared with non-smoking participants. Additionally, male
participants had an AOR of 0.276 (95% Cl, 0.169-0.450;
P=0.001) compared with female participants. Study participants
with a history of hypersensitivity had an AOR of 1.833 (95% Cl,
1.008-3.331; P=0.047) compared with those without hyper-
sensitivity. Study participants with a history of malignancy had
an AOR of 7.800 (95% Cl, 1.479-41.123; P=0.015) compared
with those without malignancy. There was no significant as-
sociation between age, alcohol drinking status, CVD, hyperten-
sion, fatty liver or type 2 diabetes and the development of DILI.

Therapeutic classes and uses of drugs associated with DILI

The therapeutic classes of drugs used by patients in the DILI
group are listed in Table 3. There were 80 patients with DILI
(47.6%) who used Chinese herbal medicines, 60 (35.7%) used
Western medicines, and 28 (16.7%) used a combination of the
two. To further evaluate the indications for the herbal drugs,
the 80 patients who used Chinese herbal medications were
subdivided into causal categories (Table 4). Dietary supple-
ments, anti-inflammatory drugs, cardiovascular drugs, osteo-
arthropathy drugs, and digestive system drugs were the top
five types of herbal drugs.
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Clinical and demographic characteristics associated with
the severity of DILI

Risk factors for severity of DILI were evaluated in 168 patients
with DILI (Table 5). Univariate analysis showed that drinking
alcohol, dyslipidemia, and duration of medication were sig-
nificantly different between patients with severe (>level 3)
and mild (level 0-2) DILI. Gender, age, smoking status, alco-
hol drinking status, history of hypersensitivity, the presence
of CVD, type 2 diabetes, fatty liver, a history of liver disease,
malignancy, dyslipidemia, hypertension, medication type, and
the daily dose of medication, and medication duration were
included in the multivariate analysis.

Study participants with dyslipidemia had an AOR of 3.095 (95%
Cl, 1.345-7.123; P=0.008) when compared with those with nor-
mal plasma lipid. Study participants who drank alcohol had an
AOR of 6.506 (95% Cl, 2.184-19.384; P=0.001) compared with
non-drinking study participants. When compared with partic-
ipants with a medication duration of <31 days, participants
with a longer medication duration (>1 year) had a lower risk
for the development of severe DILI (AOR, 0.259; 95% Cl, 0.084—
0.802; P=0.019). However, there was no significant association
between the daily dose of medication and the severity of DILI.

Discussion

In response to drug exposure at a threshold level, drug-induced
liver injury (DILI) is now believed to be mediated by the adap-
tive immune response, which is triggered by damage-associ-
ated molecular pattern (DAMP) molecules [18]. Other contrib-
uting factors include reactive metabolite formation, oxidative
stress, endoplasmic reticulum stress, mitochondrial injury, DNA
damage, epigenetic modifications, or inhibition of bile acid ex-
cretion [19]. Host factors of individuals are also likely to influ-
ence toxicological responses, leading to the wide variation in
the risk of developing DILI.

Consistent with previous findings, the findings of the present
study showed associations between dyslipidemia and both
the incidence and severity of DILI. The increased risk of DILI in
dyslipidemia may be explained by several mechanisms. First,
malnutrition could slow drug clearance and subsequently lead
to delayed drug elimination and higher drug plasma levels [7].
Second, host factors, such as overnutrition and alcohol, may in-
crease the pre-existing cellular oxidants of the host, modifying
the drug-induced oxidative liver damage, resulting in steatosis,
lipid peroxidation, and mitochondrial degeneration [11,20].
Third, patients with hyperlipidemia are frequently treated with
statins, which have been shown to result in hepatotoxicity, as
reported in several major prospective and retrospective stud-
ies on DILI [1,21-24], with more than 150 cases having been
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Table 2. Univariate and multivariate analyses of variables associated with drug-induced liver injury (DILI).

DILI Non-DILI AOR

Varani N=168 N=297 4 (95% CI)* i
Gender <0.001 (0.12;_15450) <0.001
"""" Female,N (%) 127 (756) 151 (50.8
"""" Male, N (%) 41 (44 146 (492
CAge 046
"""" 6Oyears,N(%) 144 (857 262 682
"""" >60years N (%) 24 (143 35 18
Smoking 0.506 (1.212i2—13265) 0.011
"""" NoN() 141 (839 2% 862
"""" Yes,N&) 27 (61 41 (38
Drinkingalcohol 0327
"""" NN 146 (869 248 3%
"""" Yes, N 22 (13) 49 (168
History of hypersensitivity 0.001 1833 0.047
(1.008-3.331)
"""" NN 13 BLO) 271 012
"""" Yes, N 32 (190 26 68
o0 0003
"""" NoN() 152 (905 288 (7.0
"""" Y, N 16 ©5 9 GO
CHypertension o007
"""" NN 140 (833 272 016
"""" Yes,N®%) 28 (67 25 @®4
CDiabetes 0% - -
"""" NoNG) 153 (L) 271 1)
"""" Yes, N 15 (9 26 ®8
CRattyliver oso4
"""" NN 134 (798) 234 (88
"""" Yes,N(%) 34 (02 6 (12
Dyslipidemia 0.001 (1.3;;_7;401) 0.001
"""" NN 108 (643) 233 (8%
"""" Yes, N%) 60 (357) e (LS
History of malignancy 0.021 (1.4779?23123) 0.015
"""" NN 162 (964 295 (993
"""" Y, N 6 G& 2 ©n

DILI — drug-induced liver injury; AOR — adjusted odds ration; Cl — confidence interval; CVD — cardiovascular disease. # P value
for univariate analysis. ** P value for multivariate analysis. *Adjusted for gender, age, smoking, drinking, allergic history, CVD,
hypertension, diabetes, hyperlipemia, and history of malignancy.
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Table 3. Therapeutic classes of drugs that caused liver injury in 168 Chinese patients.

No. of cases Percentage

Chinese herbal medicines 80 47.6%

Table 4. Indications of drugs that caused liver injury in 80 Chinese patients with drug-induced liver injury (DILI) from Chinese herbal

medicines.

Dietary supplements 32 Obstetric/gynecological drugs 4
 Antiinflammatory drugs 10 Rheumatismerugs s
Cardiovascular drugs °s Endocrine drugs 4
 Osteoarthropathy drugs - . others s
Digestive system drugs 6

DILI - drug-induced liver injury.

Table 5. Univariate and multivariate analysis of variables associated with the severity of drug-induced liver injury (DILI).

Variables Level 0-2 Level >3 AOR
N=130 N=38 (95% C1)*
Gender 0.110 — -
"""" Female, N (%) 102 (7585 25 658
"""" Male NG 28 QL) 13G4)
CAgebeasy . oz - -
"""" @ 1@ 322
o0 18 (138 6 ass
Csmokinghistoy o - -
"""" NoN® 112 @82 29 @63
CovesN®® 18 (138 o@n
Alcohol history 0.001 (2.183.5;)96.384) 0.001
"""" NN  m9 L) 27 gLy
CoveN® 1@y e
History of hypersensitivity 023 - -
"""" NooN® 103 (92 33 @8
CovesN® 27 (08) s
o0 oew - -
"""" NoN® 17 000 35 ©2)
Yes, N (%) 13 (10.0) 3 (7.9
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Table 5 continued. Univariate and multivariate analysis of variables associated with the severity of drug-induced liver injury (DILI).

Variables Level >3 AOR
N=38 (95% CI)*
Diabetes 0.368 = =

"""" NN 117 (000 36 041
CYesne 13 (100) 2 63
Mistory of lver disease o022 - -
"""" NoN(® 104 @00) 27 g1
CovesNew 2% (000 ey
History of malignancy  om3 - -
"""" NooN(® 125 962 37 @74
CovesNe® 5 38 e
CRattylver o
"""" NoN(G) 104 (800) 30 789
CoYesne 2% (200 g L)

Dyslipidemia 0.013 (1.3:;)_97?123) 0.008
"""" NoN(®® 90 (€92 18 @4
CYesne 0 o) 20 G260
Wypertension o2
"""" NooN(® 106 (815 34 (895
CovesNew 24 (85 408
' Type of medicaon o3 - -
"""" T e 3D B E0s
"""" 24 a9 @) 148
s 2 02 L@
Daily medicationdose ~~~ oo;s - - -
- o<omg no@s) s a2
"""" l4omg 41 @Ly) s
 ssomg 78 (600) 2 @7
Duration of medicaton o003 o004
 Stdays 8 (202 ey r

32-365 days 34 (26.2) 20 (52.6) 1518 0.386

(0.591-3.899)
>1 year 58 (44.6) 7 (18.4) (0.031.12—%?802) 0.019

DILI — drug-induced liver injury; AOR — adjusted odds ratio; CVD — cardiovascular disease. Continuous variables are expressed as
median (25%, 75 percentiles). # P value for univariate analysis. ** P value for multivariate analysis. *Adjusted for sex, age, smoking,
drinking, allergic history, CVD, DM, hypertension, hyperlipemia, history of liver disease, history of malignancy, medications, daily
medication dose, and duration of medication.
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described [25-28]. This association is not surprising, given
that all available statins are primarily cleared by the liver [29].

Previous studies have shown that patients with non-alcoholic
fatty liver disease (NAFLD) are at higher risk of DILI compared
with patients without NAFLD [30,31]. Therefore, host factors
could influence key mechanistic components of DILI, such as
drug handling, toxicological responses, inflammation and im-
mune responses, and imbalance between tissue damage and
the induction of repair processes [7]. However, in the present
study, we did not find an association between fatty liver and
DILI, possibly because steatosis and steatohepatitis are rare
but well-documented types of DILI [32]. It can be difficult to
distinguish between fatty liver and DILI on histology of liver
biopsies, and the retrospective design of the present study
prevented us from obtaining detailed information about the
cause of fatty liver which might have also been due to alco-
hol, obesity, or metabolic factors.

The findings of the present study showed that patients with a
history of hypersensitivity had a one-fold to two-fold higher risk
of DILI than patients without hypersensitivity. Disease progres-
sion in DILI can be classified as immune or non-immune [33].
Therefore, it could be anticipated that immune-mediated DILI
occurs due to host hypersensitivity to a portion of the drug or
its metabolite, and some cases of DILI could be considered to
be an allergic or hypersensitivity reaction [33]. Patients who
have a history of hypersensitivity might be hypersensitive to
the metabolite or a portion of the drug and develop DILI on
contact with the drug.

The findings of this study also showed that patients who drank
alcohol had a 6-fold to 7-fold increase in the incidence of DILI
when compared with patients who did not drink. Although
the relationship between alcohol consumption and DILI is not
well established, chronic alcohol use has been shown to in-
crease the risk of both non-idiosyncratic DILI from acetamin-
ophen and fibrosis and cirrhosis from methotrexate [34-37].
Also, the risk of fibrosis and cirrhosis in long-term users of
methotrexate is also increased in patients who consume large
amounts of alcohol [38,39]. Alcohol use increases hepatotox-
icity of anti-tuberculosis drugs [39,40], potentially through al-
cohol-mediated induction of hepatic CYP2E1. Although these
previous findings and the findings of the present study sup-
port a connection between alcohol use and the incidence of
DILI, prospective registries have not identified significant as-
sociations between alcohol consumption and the severity or
duration of DILI [22,41]. Therefore, additional studies are nec-
essary to determine the relationship between alcohol consump-
tion and idiosyncratic DILI.

The findings of the present study showed that patients with
shorter medication duration (<31 days) had more severe DILI

CLINICAL RESEARCH

than patients with longer duration (>1 year), which is inconsis-
tent with some previous studies [42]. One explanation these
findings is that DILI arising from long-term medication is usu-
ally not immune-mediated and lacks the systemic features of
immune DILI, and non-immune-mediated DILI is not associated
with rapid reinjury upon drug re-challenge [33]. Therefore,
immune-mediated DILI following short-term medication use
may result in increased severity of liver injury severity, but it
is also possible that the variety of drugs responsible for induc-
ing liver injury in this study may have influenced the findings.

Recently, the general characteristics of medications that pose
a higher risk of DILI have been progressively identified [43].
However, we did not find a relationship between the type of
medication and the severity of DILI in this study. Previous re-
ports have attempted to identify correlations between medica-
tion combinations and DILI, but with mixed results. For exam-
ple, a retrospective study from the General Practice Research
Database (GPRD) [42] found that combinations of two or more
hepatotoxic drugs increased the risk of DILI. In contrast, a pro-
spective study from Switzerland found that the risk of DILI was
not associated with either increased comorbidity or medica-
tion combination [44]. A further study also failed to find any
clinically important interactions between statin hepatotoxicity
and concomitant medications [25].

Because DILI is known to occur at a drug exposure threshold
that is dependent on the degree of hepatic metabolism and
dose of the drug, it has been suggested that idiosyncratic DILI
has a dose-dependent component. This view is supported by
the observation that discontinued drugs and drugs with a black
box warning for hepatotoxicity are usually prescribed in doses
of 50 mg or more per day [5,43,45,46]. However, we did not find
an association between high drug doses (=50 mg) and the se-
verity of DILI in this study, suggesting that idiosyncratic factors,
such as reactive hepatic metabolites, are still important [47].
The importance of hepatic metabolism has been emphasized
by findings from a study of DILI in the US, which found that
drugs with >50% hepatic metabolism had a significantly higher
risk of hepatotoxicity [48]. Substantial hepatic metabolism
of drugs is also associated with significantly increased levels
of serum alanine transaminase (ALT), liver failure, and fatal
DILI [47]. Thus, it is logical that drugs with both high metab-
olism and a high daily dose may pose an even higher risk for
the development of DILI. A further consideration is the route
of hepatic disposal, as medications excreted through the bil-
iary system are more closely associated with jaundice result-
ing from DILI when compared with those without biliary ex-
cretion [47].

Worldwide, herbal medications are also emerging as a ma-
jor cause of DILI, and cases of DILI due to herbal medicines
represent approximately 9% of cases of DILI in the United
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States, and between 19-63% of cases of DILI in Asian coun-
tries [23,49,50]. In the present study, the ratio of herbal to
Western medicine associated with DILI was 1.3: 1, excluding
patients taking a combination of both drugs. Importantly, 42%
of patients with DILI associated with the use of Chinese herbal
medicine also used dietary supplements, highlighting the po-
tential adverse effects of combination drug use.

This study had several limitations. This was a retrospective
study that relied on the accuracy of medical records. There was
limited available patient data on the body mass index (BMI)
and levels of glycated hemoglobin (HbA1c) in the patient pop-
ulation. Additional studies are required to further investigate
the associations between glucose levels, alcohol consump-
tion, and idiosyncratic DILI. Also, the limited number of cases
in this study resulted in small numbers of subjects in the sub-
group analysis, due to the inclusion criteria that required pa-
tients with available details of their medical history and blood
lipid data. The limited study size may have affected the study
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findings regarding the lack of association between the risk
and severity of DILI and medication dose and medication type.

Conclusions

A retrospective population-based study conducted in China
aimed to investigate the risk factors for the incidence and se-
verity of drug-induced liver injury (DILI) from Chinese herbal
medicines and conventional Western medicines. Increased risk
of the incidence of DILI was significantly associated with fe-
male gender and dyslipidemia, and the risk of developing se-
vere DILI was associated with drinking alcohol and dyslipid-
emia. Dyslipidemia was associated with both an increased risk
of DILI and with more severe forms of DILI.
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