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Abstract. Drug-induced liver injury (DILI) is often undiagnosed 
or misdiagnosed clinically because of diagnostic difficulties 
caused by lack of laboratory-specific serological markers. In this 
study, we comprehensively assessed the clinical characteristics, 
laboratory indices, hepatotoxic drugs, risk factors and outcomes 
concerning DILI, and explored the similarities in mechanisms 
between Chinese and Western drug-induced DILI. Patients 
with a first diagnosis of DILI and a Roussel Uclaf Causality 
Assessment Method  (RUCAM) score >3 points were enrolled 
for systematic retrospective study. Their clinical characteristics, 
clinical classification, risk factors, laboratory indices, hepato-
toxic drugs and outcomes were analyzed. Cholestatic patients 
had the highest alkaline phosphatase (ALP) and prothrombin 
time activity (PTA) levels (P<0.05). Patients with medication 
time ≥30 days had significantly higher positive rate of autoan-
tibodies than those with medication time <30 days. Odds ratio 
values for DILI-related factors such as hepatobiliary diseases, 
immune dysfunction, diabetes, hypertension, chronic alcohol 
consumption and age ≥45 years were 6.552, 6.130, 3.774, 2.801, 
2.002 and 1.838, respectively. Pathogeneses of Chinese and 
Western drug-induced DILI may be substantially the same. 
DILI accompanied with autoantibody positivity may indicate 
severe liver injury outcome. Hepatobiliary diseases, diabetes 
and hypertension are likely to increase drug susceptibility, and 
more prone to cause liver injury.

Introduction

The liver is the principle organ for drug metabolism and trans-
formation. It not only processes the three major metabolites 
but is also an important organ for drugs and drug metabolism. 
Drug-induced liver injury (DILI) refers to a disease caused by 

hepatotoxic injury induced by drugs or their metabolites or 
due to hepatic hypersensitivity to drugs and their metabolites 
during medication. In recent years, with the extensive use of 
drugs and the accelerated research of novel drugs, the different 
types of clinical drugs have been continuously increasing and 
the incidence of DILI has been rising year by year. According 
to World Health Organization (WHO) statistics, DILI has risen 
as the 5th leading cause of death worldwide. Approximately 
50% of liver failure patients receiving liver transplantation 
every year have drug-induced liver failure, which prompts 
the need for artificial liver and liver transplantation and even 
causes death (1,2). However, the disease is often undiagnosed 
or misdiagnosed clinically because of diagnostic difficulties 
caused by lack of laboratory specific serological markers.

There are more than 1,000 types of drugs that can lead to 
DILI, of which common ones include Chinese herbal drugs 
(Polygonum multiflorum, Cassia seed, Mentha, Rheum and 
Tripterygium wilfordii), antituberculotics [such as isoniazid 
(INH), rifampicin (RFP), pyrazinamide (PZA) and sodium 
p-aminosalicylate], antipyretic analgesics [such as acetamino-
phen (APAP), aspirin and phenylbutazone], antibiotics (such as 
macrolides, penicillins and quinolones), and antineoplastics. 
Currently, it is believed that the pathogenesis of DILI may be 
through three major pathways: i) direct cellular stress induced 
by drugs and their metabolites (intrinsic pathway); ii) direct 
damage to mitochondrial function; iii) activation of specific 
immune responses (extrinsic pathway), thereby changing mito-
chondrial permeability, and ultimately leading to apoptosis (3). 
In recent years, research concerning the pathogenesis of DILI 
has mainly focused on the following aspects: genetics, e.g., 
cytochrome P450, nucleoside diphosphate glucuronosyltrans-
ferases, N-acetyltransferase 2 and glutathione S-transferase; 
human leukocyte antigens, e.g., specific human leukocyte 
antigen (HLA) genotype, HLA DRP1-1501 (predictor for 
hepatotoxicity of amoxicillin/clavulanate) and HLA UGT1A1 
(predictor for hepatotoxicity of pazopanib); mitochondrial 
oxidative stress-related enzymes; and transmembrane trans-
porters. Recently, some studies have found that Fra-1 protein 
plays an important hepatoprotective role, which can activate 
the expression of anti-toxin genes as well. APAP overdose can 
cause significantly increased fibroblast growth factor 21. This 
phenomenon may be a compensatory mechanism preventing 
DILI, which can enhance the hepatic antioxidant capacity 
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mediated by peroxisome proliferator-activated receptor γ 
co-activator lα/nuclear factor E2-related factor. Immune 
injury is another important pathway to DILI. Drugs can 
cause liver cell necrosis as foreign antigens by activating the 
immune system and then mediating corresponding injuries. 
According to recent studies, microRNA (miR)-122, as a 
highly liver-specific miR, can be used as a molecular marker 
of hepatocellular injury (4), whose specificity and sensitivity 
are significantly higher than alanine aminotransferase (ALT) 
in the early diagnosis of APAP-induced DILI (5). Some 
pathological findings may be relatively specific. The common 
histopathological changes in the liver may include ballooning 
changes or microvesicular steatosis, eosinophil infiltration, 
epithelial cell granuloma and cholestasis, but pathological 
evidence makes sense only in combination with medical 
history and other clinical data.

DILI is classified into two types, one type is associated 
with the toxicity of drugs, which causes liver injury by directly 
injuring liver cells or interfering with biliary excretion, and 
possesses predictable, dose-dependent and reproducible 
features. The other type, also known as idiosyncratic DILI, 
is associated with the idiosyncrasy of drug receivers such as 
genetic and metabolic factors, which is often accompanied 
by allergic and autoimmune reactions. It has the following 
characteristics: i) dose-independency, unpredictability, occurs 
only in certain people or groups, or familial aggregation; 
ii) can be accompanied by fever, joint pain, rashes and other 
extrahepatic manifestations; and iii) eosinophilia, positive 
autoantibodies and elevated immunoglobulins (Igs). There 
exist immune-mediators in idiosyncratic DILI, which may 
exhibit varying degrees of elevation along with positivity of 
autoantibodies, such as anti-nuclear and anti-smooth muscle 
antibodies; immunoglobulin elevation is often misdiagnosed 
as autoimmune hepatitis or other autoimmune liver diseases. In 
recent years, with the improvement of autoantibody detection 
technologies, the diagnosis, differential diagnosis and treat-
ment of liver dysfunction patients with positive autoantibodies, 
particularly high-titer autoantibodies have gained increasing 
attention.

Clinical characteristics are still an important basis 
for diagnosing drug-induced liver diseases, and current 
understanding of these characteristics requires further 
improvement. Thus, in the present study, DILI patients with 
a Roussel Uclaf Causality Assessment Method (RUCAM) 
score >3 points were enrolled for the systematic retrospective 
study, and their clinical characteristics, clinical classifica-
tion, risk factors, laboratory indices, hepatotoxic drugs and 
prognosis were analyzed, which are of great clinical value for 
comprehensively understanding DILI.

Patients and methods

Patient selection. Retrospectively, 513 patients who were 
hospitalized with a first clinical diagnosis of DILI from 
January 2011 to December 2014 were selected for this study. 
Based on the information of the hospitalized patients such as 
clinical symptoms, laboratory indices, underlying diseases, 
hepatotoxic drugs, liver histopathology and efficacy after with-
drawal, the association between medication and liver injury 
was assessed comprehensively with RUCAM as the standard 

quantitative assessment system (6) to include 424 patients, and 
exclude 89 patients.

Inclusion diagnosis. Currently, the RUCAM scale is a univer-
sally recognized method for evaluating the hepatotoxicity of 
drugs. Using the RUCAM system, association between medi-
cation and liver injury was assessed comprehensively, and 
quantitative scoring was performed for each case. Assessment 
content was comprised of 7 items, time from drug intake to 
onset, liver function recovery after withdrawal, risk factors, 
simultaneous medication, exclusion of other factors, previous 
liver injury by drugs and reactions to re-medication. The above 
items were scored one by one as follows: i) ≤0, rule out DILI; 
ii) 1-2 points, unlikely; iii) 3-5 points, likely; iv) 6-8 points, 
very likely; and v) >8 points, highly likely. Patients with scores 
>3 points were included: all ‘likely’, ‘very likely’ and ‘highly 
likely’ cases.

Exclusion diagnoses. Exclusion criteria included recent hepa-
titis A virus (HAV) infection (anti-HAV-IgM positive), HBV 
infection (anti-HBc-IgM positive), HCV infection (anti-HCV 
positive) and other evidences of hepatitis virus infection; 
biliary obstruction (confirmed by B ultrasound); excessive 
alcohol [aspartate aminotransferase (AST)/ALT ratio ≥2]; 
acute hypertension (especially those associated with severe 
heart diseases); cytomegalovirus, Epstein-Barr virus or herpes 
virus infection; autoimmune liver diseases, alcoholic liver 
diseases, genetic metabolic liver diseases, liver injury induced 
by hemodynamic abnormalities; or other severe disease 
complications.

Detection instruments. Detection instruments included auto-
matic biochemistry analyzer (AU2700, Olympus, Tokyo, Japan); 
automated microplate reader (680; Bio-Rad, Berkeley, CA, 
USA); automated immunoblot processor (EURO Blot Master 
II; Euroimmun AG, Lübeck, Germany); hematology analyzer 
(HMX, 5Diff; Beckman Coulter, Miami, FL, USA); automatic 
coagulation analyzer (STA-R; Diagnostica Stago S.A.S, 
Asnières-sur-Seine, France); real-time polymerase chain reac-
tion system (7500; Applied Biosystems, Foster City, CA, USA); 
genetic analyzer (310; Applied Biosystems); time-resolved 
fluoroimmunoassay (TRFIA) system (AutoDELFIA-1235; 
Perkin-Elmer, Waltham, MA, USA USA).

Laboratory indices. Laboratory indices included alanine 
aminotransferase (ALT; 9-50 U/l), aspartate aminotransferase 
(AST; 15~40 U/l), alkaline phosphatase (ALP, 45-125 U/l), 
serum total bilirubin (TBiL, 3.4~22 µmol/l), prothrombin 
time (PT, 11-15 sec), prothrombin activity (PTA, 75-160%), 
international normalized ratio (INR, 0.8-1.5), albumin (ALB; 
40-55 g/l), total bile acid (TBA; 0-15 µmol/l), cholinesterase 
(ChE, 3,700-13,200 IU/l), anti-nuclear antibodies, anti-smooth 
muscle antibodies, anti-mitochondrial antibodies, as well as 
HAV, HBV, HCB, HDV and HEV antibodies.

Prognostic criteria. i) Cure: during hospitalization after 
treatment, clinical symptoms disappeared, and liver function 
returned to normal. ii) Improvement: during hospitalization 
after treatment, clinical symptoms improved markedly, and 
liver function indices improved compared with these indices 
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before treatment which were lower than 2 times the upper 
limits of normal; additionally, TBiL is normal. iii) Non-cure: 
during hospitalization after treatment, signs and symptoms 
failed to improve, and improvement of liver function was 
unobvious or more abnormal than on admission. iv) Death: 
during hospitalization, patients were unresponsive to treatment 
and died. Cured and improved patients constituted the effec-
tive group, whereas non-cured and dead patients constituted 
the ineffective group.

Statistical analysis. Measurement data are expressed as the 
mean ± standard deviation, and were compared by t-test. 
Comparison of enumeration data between groups was 
performed by χ2 test, while pairwise comparison was carried 
out by Ridit test. Logistic regression was used to analyze the 
risk factors. Data were processed using SPSS 19.0 package 
(SPSS, Inc., Chicago, IL, USA).

Results

General information. Among all the 424 DILI patients 
included, 155 were males (36.6%) and 269 were females 

(63.4%), with a male to female ratio of approximately 
1:1.43. The mean patient age was 47.9±15.2 years, and the 
mean length of stay was 29.4±18.4 days. DILI duration was 
16.2±12.2 days and medication time was 72.6±62.1 days. 
Based on the demarcation age of 55 years as in the RUCAM 
scale, the number of patients aged ≥55 years totaled 162 
(38.2%), whereas those aged <55 years totaled 262 (61.8%). 
In total, 163 patients (38.4%) had originally been suffering 
from hepatobiliary diseases, while 235 patients (55.4%) had 
underlying diseases.

Clinical symptoms. Patients mainly presented clinical symp-
toms such as weakness, poor appetite, yellowed skin, icteric 
sclera, dark urine, nausea, abdominal discomfort, fever, itchy 
skin, ascites and rash on admission. A total of 378 patients 
(89.2%) manifested clinical symptoms, which in descending 
order of the number of symptomatic patients were weakness 
(288 patients, 67.9%), poor appetite (270 patients, 63.7%), dark 
urine (226 patients, 53.3%), icteric sclera (172 patients, 40.6%), 
yellowed skin (166 patients, 39.2%), abdominal discomfort 
(132 patients, 31.1%), nausea (102 patients, 24.1%), itchy skin 
(44 patients, 10.4%), fever (18 patients, 4.2%), rash (16 patients, 

Table I. Associations between clinical types and liver function-related indices in the DILI patients.

 Total, Hepatocellular type, Cholestatic type, Mixed type, 
Clinical data n=424 n=239 (56.4%) n=101 (23.8%) n=84 (19.8%) P-value

Age, years 47.9±15.2 47.2±14.3 51.8±18.9 50.7±19.0 0.388
Male/female, cases 155/269 86/121 30/71 39/75 0.882
Length of stay, days 29.4±18.4 29.4±19.0 29.9±16.1 29.6±16.6 0.993
DILI duration, days 16.2±12.2 16.6±11.9 13.9±13.6 14.4±13.5 0.866
Medication time, days 72.6±62.1 77.6±65.4 46.6±40.1 47.6±41.3 0.198
Clinical indices
on admission
  ALT, U/l 591.2±458.9 608.4±475.8 498.1±374.0 525.6±370.0 0.560
  AST, U/l 349.1±341.0 366.1±352.8 273.3±263.5 277.3±277.1 0.363
  ALP, U/l 208.5±146.4 165.2±104.9 415.6±149.8 402.9±145.9 0.000
  TBiL, µmol/l 83.1±64.1 77.6±65.3 85.2±68.4 89.8±68.2 0.397
  PT, sec 13.45±1.88 13.57±1.96 12.84±1.37 12.91±1.39 0.176
  PTA, % 97.11±23.77 95.09±23.24 114.65±16.26 105.8±24.86 0.002a

  INR 1.02±0.20 1.04±0.21 0.96±0.13 0.97±0.13 0.186
Clinical indices
at discharge
  ALT, U/l 35.83±31.29 28.63±19.45 29.67±19.67 37.27±33.19 0.442
  AST, U/l 28.48±15.36 26.06±12.18 26.33±12.56 28.97±15.96 0.661
  ALP, U/l 106.34±55.07 96.47±46.60 150.81±68.29 153.67±69.69 0.000a

  TBiL, µmol/l 17.68±9.52 17.29±9.18 19.13±11.13 19.87±11.12 0.497
  PT, sec 13.49±1.33 13.43±1.43 13.00±0.77 14.32±1.72 0.319
  PTA, % 90.52±16.45 86.66±13.77 99.62±12.51 82.68±22.32 0.225
  INR 1.07±0.14 1.09±0.43 1.01±0.81 1.12±0.19 0.458

Compared with the hepatocellular and mixed type patients, ALP and PTA levels were the highest for cholestatic patients, aP<0.05. DILI, 
drug-induced liver injury; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; TBiL, total bilirubin; 
PT, prothrombin time; PTA, prothrombin time activity; INR, international normalized ratio.
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3.8%) and ascites (14 patients, 3.3%). Meanwhile, 46 patients 
(10.8%) showed no obvious clinical symptoms. Clinical symp-
toms of DILI with incidences ≥50% were weakness, poor 
appetite and dark urine in descending order.

Comparison of clinical types. Patients were grouped based 
on the laboratory indices of liver dysfunction on admission 
into hepatocellular type (239 patients, 56.4%), cholestatic type 
(101 patients, 23.8%) and mixed type (84 patients, 19.8%). 
No significant difference was found in regards to the length 
of stay, degree of liver injury, clinical symptoms and partial 
laboratory indices (ALT, AST, TBiL, PT, INR) between the 
three groups of patients (P>0.05). Cholestatic patients had the 
highest ALP (415.6±149.8 U/l) and PTA (107.1±24.59%) levels 
(P<0.05; Table I).

Autoantibody-positive rate in DILI patients
Association between the autoantibody-positive rate and 
gender distribution. Among 155 (36.6%) male patients, 
89 (57.4%) were autoantibody-positive and 66 (42.6%) were 
autoantibody-negative. Among 269 (63.4%) female patients, 
162 (60.2%) were autoantibody-positive and 107 (39.8%) were 
autoantibody-negative. Autoantibody positive rate of male 
DILI patients was similar to the female patients, showing no 
significant difference (Table II).

Association between the autoantibody-positive rate and 
age distribution. Based on the demarcation age of 55 years 
as in the RUCAM scale, number of patients aged ≥55 years 
totaled 162 (38.2%), whereas those aged <55 years totaled 
262 (61.8%). For age ≥55 years group, 89 (54.9%) patients 
were autoantibody-positive and 73 (45.1%) patients were 
autoantibody-negative. For age <55 years group, 147 (56.1%) 
patients were autoantibody-positive and 115 (43.9%) patients 
were autoantibody-negative. Comparison of autoantibody 
positive rate between age ≥55 years and age <55 years groups 
found no significant difference (Table II).

Association between the autoantibody-positive rate and medi-
cation time. Patients were divided into two groups according 
to medication time, ≥30 day group (266 patients, 62.7%) and 
<30 day group (158 patients, 37.3%). For the ≥30 day group, 
183 (68.9%) patients were autoantibody-positive and 83 (31.1%) 
patients were autoantibody-negative, while for the <30 days 
group, 63 (39.9%) patients were autoantibody-positive and 
95 (60.1%) patients were autoantibody-negative. These results 
revealed a significantly higher autoantibody-positive rate in 
the medication time ≥30 day group than the medication time 
<30 day group (Table II).

Association between the autoantibody-positive rate and 
CHILD classification. All DILI cases were subjected to 
CHILD classification, of which class A cases totaled 116 
(27.4%), class B cases totaled 223 (52.6%), and class C 
cases totaled 85 (20.0%). For patients with class A DILI, 
59 (50.8%) were autoantibody-positive and 57 (49.1%) were 
autoantibody-negative; for patients with class B DILI, 
140 (62.8%) were autoantibody-positive and 83 (37.2%) were 
autoantibody-negative; while for those with class C DILI, 
61 (72.8%) were autoantibody-positive and 24 (28.2%) were 
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autoantibody-negative. These results suggested that the auto-
antibody-positive rate rose gradually with the elevated CHILD 
score, showing significant differences (Table II).

Association between the autoantibody positive rate and 
clinical classification. According to the international clinical 
classification criteria, DILI was classified into hepatocellular 
type (239 patients, 56.4%), cholestatic type (101 patients, 
23.8%) and mixed type (84 patients, 19.8%). For hepatocel-
lular patients, 153 (64.0%) were autoantibody-positive and 86 
(36.0%) were autoantibody-negative. For cholestatic patients, 
60 (59.4%) were autoantibody-positive and 41 (40.6%) 
were autoantibody-negative; while for mixed type patients, 
41 (48.8%) were autoantibody-positive and 43 (51.2%) were 
autoantibody-negative. Autoantibody positive rate was slightly 
higher for the hepatocellular type than the cholestatic and 
mixed types, but the differences were not statistically signifi-
cant (Table II).

Differences between Chinese and Western drug-induced 
DILI. Ranking of the number of patients with DILI-induced 

by different drugs found that Chinese drugs [decoctions, patent 
drugs, pastes and traditional Chinese medicine (TCM) health 
products] were responsible for the highest incidence of DILI 
(252 patients, 59.4%), followed by antituberculotics (72 patients, 
17.0%), antipsychotics (27 patients, 6.37%), non-steroidal 
anti-inflammatory drugs (NSAIDs) (17 patients, 4.01%), 
antineoplastics (13 patients, 3.07%), antithyroids (11 patients, 
2.59%), antibiotics (11 patients, 2.59%), antihypertensives (8 
patients, 1.89%), antidiabetics (6 patients, 1.42%), antilipemics 
(3 patients, 0.70%) and other drug types (6 patients, 1.42%).

Distribution of Chinese drug-induced DILI. Chinese drugs 
were ranked for frequency of DILI induction, which were 
decoctions, patent drugs, pastes, and TCM healthcare products 
in a descending order by form. In terms of ingredients, the 
top three were Polygonum multiflorum (17 patients, 4.01%), 
Tripterygium wilfordii (11 patients, 2.59%) and Sedum aizoon 
(8 patients, 1.89%). By usage, the rankings were treatment for 
hair loss (47 patients, 17.3%), psoriasis (33 patients, 12.2%), 
osteoarthrosis (32 patients, 11.8%) and health care (29 patients, 
10.7%).

Table III. Comparison of clinical symptoms and laboratory indices between Chinese and Western drug-induced DILI groups.

Group Western drug group, n=172 (59.4%) Chinese drug group, n=252 (60.6%) P-value

Average age, years 45.05±16.78 49.74±12.86 0.290
Length of stay, days 29.81±14.37 29.02±23.47 0.791
DILI duration, days 11.86±10.58 22.21±15.87 0.119
Medication time, days 72.6±62.1 77.7±67.1 0.544
Clinical symptoms, n
  Weakness 128 196 0.779
  Poor appetite 115 190 0.753
  Dark urine 84 172 0.020a

Laboratory indices
on admission
  ALT, U/l 474.98±439.82 521.02±456.02 0.232
  AST, U/l 302.47±256.01 349.98±315.14 0.303
  ALP, U/l 159.28±114.52 163.32±107.08 0.802
  TBiL, µmol/l 71.39±60.18 82.46±62.60 0.833
  PT, sec 13.74±2.00 13.64±2.55 0.750
  PTA, % 95.13±24.18 95.43±22.55 0.930
  INR 1.0426±0.20 1.044±0.28 0.959
Laboratory indices
at discharge
  ALT, U/l 46.76±23.80 44.92±26.47 0.722
  AST, U/l 38.69±9.41 34.38±5.22 0.682
  ALP, U/l 95.46±42.46 99.97±50.64 0.518
  TBiL, µmol/l 23.33±5.04 21.04±4.30 0.744
  PT, sec 15.67±1.01 15.50±1.37 0.359
  PTA, % 80.83±7.56 82.87±11.46 0.169
  INR 1.07±0.64 1.05±0.79 0.146

Compared to the Western drug group, dark urine symptom was more prevalent in the Chinese drug group, aP<0.05. DILI, drug-induced liver 
injury; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; TBiL, total bilirubin; PTA, prothrombin 
time activity; INR, international normalized ratio.
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Distribution of Western drug-induced DILI. Western drugs 
were ranked by frequency of DILI induction, which found 
the top 5 types to be antituberculotics (72 patients, 17.0%), 
antipsychotics (27 patients, 6.37%), NSAIDs (17 patients, 
4.01%), antineoplastics (13 patients, 3.07%) and antithyroids 
(11 patients, 2.59%). DILI-inducing antituberculotics included 
INH, RFP, PZA and ethambutol (EMB), mostly combinations 
of INH+RFP+PZA+EMB, INH+RFP+EMB and INH+EMB. 
DILI-inducing antipsychotics were chlorpromazine, perphen-
azine, citalopram, flupenthixol, aripiprazole, clozapine and 
carbamazepin. DILI-inducing NSAIDs were APAP, celecoxib 
and ibuprofen. DILI-inducing antineoplastics were metho-
trexate, nedaplatin, cisplatin, carboplatin, pemetrexed, gefitinib 
and imatinib. DILI-inducing antithyroids were methimazole 
and propylthiouracil. DILI-inducing antibiotics were cephalo-
sporins, macrolides, quinolones, nitrofurantoin, ketoconazole, 
tretinoin and terbinafine. DILI-inducing antihypertensives were 
amlodipine, captopril and irbesartan. DILI-inducing antidia-
betics were metformin, acarbose and glipizide. DILI-inducing 
anti-HIV drugs were lamivudine + nevirapine + zidovudine 
combination. Other DILI-inducing drugs included bezafibrate, 
mifepristone, methylprednisolone and levothyroxine sodium.

Comparison of clinical manifestations between Chinese and 
Western drug-induced DILI. Comparison of top 3 clinical 
symptoms (weakness, poor appetite and dark urine) between 
Chinese and Western drug groups revealed that dark urine 
symptom was more common in the Chinese drug group. No 
significant difference was found in biochemical indices such 
as ALT, AST, ALP, TBiL, PT, PTA and INR between the 
2 groups.

Autoantibody-positive rate for Chinese drug-induced DILI. 
There were 252 patients (59.4%) with Chinese drug-induced 
DILI, wherethe  top 3 DILI-inducing drugs with clear ingredi-
ents were Polygonum multiflorum (17 patients), Tripterygium 
wilfordii (11 patients) and Sedum aizoon (8 patients). Among 
all patients with Chinese drug-induced DILI, 143 (56.7%) 
were autoantibody-positive, while 109 (43.3%) were auto-
antibody-negative. For the Polygonum multiflorum group, 
10 patients were autoantibody-positive and 7 patients were 
autoantibody-negative. For the Tripterygium wilfordii group, 
5 patients were autoantibody-positive and 6 patients were 
autoantibody-negative. And for the Sedum aizoon group, 
6 patients were autoantibody-positive and 2 patients were 
autoantibody-negative (Table IV).

Autoantibody-positive rate for Western drug-induced DILI. 
There were 172 patients (60.6%) with Western drug-induced 
DILI, where the top 5 DILI-inducing drugs with clear ingre-
dients were antituberculotics (72 patients), antipsychotics 
(27 patients), NSAIDs (17 patients), antineoplastics (13 patients) 
and antithyroids (11 patients). Among all patients with Western 
drug-induced DILI, 93 (54.1%) were autoantibody-positive, 
while 79 (45.9%) were autoantibody-negative. For the anti-
tuberculotics group, 51 patients were autoantibody-positive 
and 21 patients were autoantibody-negative; for the antipsy-
chotics group, 14 patients were autoantibody-positive and 
13 patients were autoantibody-negative. For the NSAIDs 
group, 11 patients were autoantibody-positive and 5 patients 
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were autoantibody-negative. For the antineoplastics group, 
10 patients were autoantibody-positive and 3 patients were 
autoantibody-negative. For the antithyroids group, 5 patients 
were autoantibody-positive and 6 patients were autoanti-
body-negative (Table IV).

Logistic regression analysis of risk factors. One-way ANOVA 
of possible DILI-related factors i.e., age ≥45 years, chronic 
alcohol, underlying hepatobiliary diseases, immune dysfunc-
tion, hypertension and diabetes, showed that all factors 
exhibited significant differences in the incidence of DILI 
(P<0.05), all of which were DILI-inducing factors. Multivariate 
analysis was performed selecting these 6 DILI-related factors 
via logistic regression model, and the results found that the 
odds ratio (OR) indicated statistical association between the 
disease and exposure factors, where an OR value >1 indi-
cated that the exposure factors were risk factors. Our study 
demonstrated that DILI risk factors (OR value >1) included 
underlying hepatobiliary diseases (6.552), immune dysfunc-
tion (6.130), diabetes (3.774), hypertension (2.801), chronic 
alcohol (2.002) and age ≥45 years (1.838), suggesting that all 
of these six factors were risk factors for DILI.

Comparison of prognosis between Chinese and Western 
drug-induced DILI. Cure and improvement were regarded as 
effective treatment, while non-cure and death were considered 
ineffective treatment. After comprehensive routine medical 
treatment, treatment was effective in 241 patients and ineffec-
tive in 11 patients in the Chinese drug-induced DILI group, 
while treatment was effective in 164 patients and ineffective in 
8 patients in the Western drug-induced DILI group, showing 
no significant difference.

Discussion

Currently, no unified DILI database has been created at 
home or abroad, nor has the pathogenesis of DILI been fully 
elucidated. Through statistical analysis of the clinical data, we 
explored in depth the pathogenesis of DILI and summarized 
the similarities in DILI-inducing drugs, clinical features and 
laboratory indices.

Clinical characteristics of the patients treated at our hospital 
are summarized as follows. The patients mainly presented 
clinical symptoms such as weakness, poor appetite, yellowed 
skin, icteric sclera, dark urine, nausea, abdominal discomfort, 
fever, itchy skin, ascites and rash on admission. But it is worth 
noting that 10.8% of the patients showed no obvious clinical 
symptoms. Clinical symptoms with incidences ≥50% were 
weakness, poor appetite and dark urine in descending order. 
Hepatocellular DILI is the type with the highest probability 
of occurrence. Cholestatic patients had the highest ALP and 
PTA levels (P<0.05). Clinical manifestations of DILI lacked 
specificity compared to other liver diseases, and difference in 
the drugs used may be the cause of the differing DILI types.

With a male to female ratio of ~1:1.43, female DILI patients 
were higher in number than males, and women are probably at 
a higher risk of DILI. In our study, patients had an average age 
of 47.9 years. A study found no significant association of age 
and gender with DILI occurrence (7), but with increasing age, 
patients are prone to develop age-related diseases, their organs 

deteriorate gradually, and hepatic drug metabolizing capacity 
weakens, thus increasing burden on the liver (8). Body condi-
tions at different ages may be an important reason for differing 
severity and emergency of DILI. Therefore, on the premise 
of maintaining blood drug concentration at a therapeutically 
effective level, the dose and frequency of administration should 
be appropriately reduced to lower the incidence of DILD.

In this study, the proportion of patients with Chinese 
drug-induced DILI was ≤59.4%. Incidence of Chinese 
drug-induced DILI has been increasing in recent years; patient 
misunderstanding of Chinese drugs and limited understanding 
of drug hepatotoxicity are important contributors to Chinese 
DILI at present. Lack of efficient drugs for dermatoses, osteo-
arthritis, gynecopathy and other chronic, obstinate diseases in 
Western medicine often leads patients to seek TCM treatment, 
who may even abuse, misuse or chronically use the so-called 
folk remedies, ancestral recipes and liquor prescriptions. This 
explains why Chinese drug-induced DILI is mainly concen-
trated among the population receiving treatment for hair loss, 
psoriasis, osteoarthritis or receiving health care. Chinese 
Pharmacopoeia (2010 edition) clearly specifies 72 types of 
hepatotoxic Chinese drugs, of which common ones include 
Rheum, Tripterygium wilfordii, Cassia seed, Polygonum 
multiflorum, Swertia davidi and Aconitum carmichaelii. In 
this study, the patients' main purposes for taking Chinese drugs 
were to treat dermatoses, osteoarthrosis and for health care. 
Compared with Western drugs, Chinese drugs induced more 
cases of DILI, and caused more frequent dark urine symptom. 
In our study, the top three frequently DILI-inducing Chinese 
drugs were found to be Polygonum multiflorum, Tripterygium 
wilfordii and Sedum aizoon. Analysis of these three herbs 
found that 17 patients took Polygonum multiflorum for nour-
ishing liver and kiney, blackening beard and hair, strengthening 
bones and muscles, or treating vertigo, tinnitus, grey hair, hair 
loss or sore and weak waist and knees, all of whose initial 
clinical symptoms were weakness and dark urine. The liver 
injury-inducing mechanism of Polygonum multiflorum may 
be that the hepatotoxic substances produced during metabo-
lism by anthraquinone derivatives such as rhein and emodin it 
contains cause hepatocellular lipid peroxidation to induce liver 
cells necrosis or interfere with hepatocellular uptake and bile 
secretion while destroying bile salt carrying receptors of the 
cell membrane, affecting cell membrane Na+-K+-ATP activity, 
and damaging the normal structure and metabolic function of 
liver cells. In this study, 11 patients took Tripterygium wilfordii 
for treating autoimmune diseases such as rheumatoid arthritis 
and systemic lupus erythematosus. Their clinical manifesta-
tions were abnormal transaminase elevations, accompanied 
by weakness, poor appetite and icteric sclera symptoms. Liver 
injury-inducing mechanism of Tripterygium wilfordii may 
be associated with lipid peroxidation, immunologic injury, 
excessive hepatocellular apoptosis and P450 enzyme system 
metabolic abnormalities (9). Hepatic venular occlusive disease 
(HVOD)-inducing mechanism of Sedum aizoon may be that 
the metabolites of its major components pyrrolidine alka-
loids (PAs), i.e., dehydro-PAs, may act on cellular DNAs and 
proteins to form DNA polymers, protein polymers, as well as 
DNA-DNA, DNA-protein polymers, thereby resulting in hepa-
totoxicity (10). In our study, 8 patients took Sedum aizoon for 
treatment of traumatic bleeding and traumatic injuries, all of 
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whose initial clinical symptoms included evident weakness, 
poor appetite, dark urine, abdominal distension and pain and 
ascites. Manifestations of HVOD were present on imaging and 
pathological examinations, which were degeneration, necrosis 
and atrophy of liver cells, and extensive occlusion of central 
lobular veins and hepatic venules.

Current research on TCM toxicology, especially on the 
hepatotoxicity of Chinese drugs has some limitations. The effi-
cacy and safety of Chinese drugs are still substantially based 
on experience, which lack support from clinical controlled 
trials and toxicological studies. DILI-inducing mechanisms of 
Chinese drugs, which are characterized by complex chemical 
composition and pharmacological activities, have not yet been 
fully elucidated. Drug detoxifying and eliminating enzyme 
systems, differences in single nucleotide polymorphisms of 
drug transporter genes, direct hepatocellular damage by drugs 
and their toxic metabolites, or allergic reactions to drugs are 
all likely to result in liver cell injury. Besides, poor quality of 
pharmaceutical preparations and crude drugs, differing prepa-
ration processes of patent preparations, pesticide residues in 
medicinal herbs and confusion of varieties (11) are also impor-
tant causes of liver injury. Moreover, most real-world TCM 
prescriptions contain multiple herbs, with complex composi-
tion and large individual dose discrepancy. Ingredients of 
some folk remedies are even unclear, which makes it difficult 
to identify the exact herbs responsible for DILI. All of these 
pose some challenges to the clinical diagnosis of DILI.

Western drug-induced DILI. The exact mechanisms of 
Western drug-induced DILI remain unclear. Overall, the 
mechanisms are substantially the same, which may be classi-
fied into the following two types: i) direct hepatotoxic action 
by drug metabolites (primary compounds); and ii) idiosyn-
cratic liver injury, which is a type of hypersensitivity reaction 
and the primary mechanism of DILI. Drugs or metabolites 
can directly damage the liver via lipid peroxidation as free 
radicals, which can also form complete antigens (drugs or 
metabolites are haptens) by covalently binding to proteins to 
stimulate the antibody-dependent cellular cytotoxicity and T 
cell hypersensitivity. Direct hepatotoxicity of DILI is predict-
able, dose-dependent, highly prevalent among individuals, and 
found mostly in acute injuries. As metabolism is most abun-
dant in the distal hepatic artery region, where the antioxidant 
and detoxification capacities are the weakest, damaging free 
radicals firstly invade that area to form zonal hepatocellular 
necrosis. Idiosyncratic liver injury in DILI is unpredictable, 
mostly dose-independent, infrequent among individuals, and 
can lead to hepatocellular injury and (or) cholestasis. It differs 
from the former in that cellular necrosis within the liver paren-
chyma is often evenly distributed in each hepatic lobule rather 
than zonally distributed.

Antituberculotics accounted for 17.0% of all DILI-inducing 
drugs, which is the type of Western drugs associated with the 
highest incidence of DILI. DILI is also one most common 
cause of discontinued antituberculosis therapy. During anti-
tuberculosis therapy, long-term use of antituberculotics is 
inevitable, thus almost all patients will experience varying 
degrees of adverse reactions at different frequencies. This 
study showed that INH, RFP and PZA are the most common 
antituberculotics inducing DILI, which manifests as abnormal 

transaminase levels. EMB and streptomycin, on the other 
hand, induce less DILI, which is mainly related to their 
metabolic pathways. Active intermediates of acethydrazide, 
an INH metabolite can covalently bind to intrahepatocellular 
macromolecules or GSH to damage liver cells, while another 
metabolite hydrazine can directly peroxidize hepatocytes to 
induce liver cell injury. RFP combined with INH can provide 
acetyl groups for the metabolism of INH, thereby resulting in 
markedly increased acetohydrazide and hydrazine contents, 
and exacerbate liver cell injury. INH and RFP have greater 
toxicity when used in combination than used alone. In addition, 
PZA is a semi-antibiotic, which is often used in combination 
with INH and RFP. PZA metabolites are likely to be activated 
to be toxic by the liver enzyme inducing activity of RFP. This 
also explains why the DILI-inducing antituberculotics in this 
study were mostly in the forms of INH+RFP+PZA+EMB, 
INH+RFP+EMB and INH+EMB combinations. Liver injury 
induced by an antituberculotic INH is associated with the indi-
vidual-specificity of patients. Rapid acetylators contain more 
N-acetyltransferases, have stronger activity and form more 
acetyl hydrazine and hydrazine, thus leading to degeneration 
and necrosis of liver cells. RFP, as an inducer of cytochrome 
P450, can increase the toxic metabolites of INH and thereby 
aggravate INH-induced liver injury. Clinical manifestations 
of antituberculotic-induced DILI are mainly mild to moderate 
weakness and poor appetite.

The proportion of DILI attributed to antipsychotics ranked 
second to antituberculotics. Schizophrenic patients need 
long-term, high-dose or even life-time intake of antipsychotics 
as the conditions are persistent and easy to relapse, thus 
greatly increasing the risk of liver injury. This study found 
that chlorpromazine, a typical antipsychotic, often causes toxic 
liver injury or obstructive jaundice due to high dosage and 
prolonged medication, where recovery of liver function after 
hepatoprotective treatment is undesirable as well. According to 
some studies (12,13), atypical antipsychotics cause less damage 
to the liver than the typical antipsychotics; besides, they have 
less impact on liver function, so the condition quickly returns 
to normal after treatment or returns to normal spontaneously. 
Overall, antipsychotic-induced liver injuries are mostly transient 
ALT elevation without obvious clinical symptoms. The majority 
of such injuries can easily recover spontaneously with good 
prognosis. Therefore, antipsychotic-induced DILI normally 
does not require drug discontinuance, where only hepatoprotec-
tive therapy is needed on the basis of monitoring liver function.

In addition, Western drugs associated with high incidence 
of DILI also included NSAIDs, antineoplastics and antithy-
roids in the present study. Clinical evidence suggests that 
NSAIDs have liver toxicity, but the exact incidence of liver 
injury attributed to each drug is unclear. Only DILIs induced 
by a few NSAIDs such as aspirin, APAP and benorilate are 
dose-dependent, and predictable. DILIs induced by most 
other NSAIDs are dose-independent, and unpredictable. 
Antineoplastics are also one of the most common drugs 
responsible for DILI. In this study, common symptoms of 
antineoplastic-induced DILI included fever, jaundice, rash 
and liver pain, of which jaundice and liver pain were more 
common in cholestatic DILI. Major antithyroids responsible 
for DILI were propylthiouracil and methimazole in this study. 
Propylthiouracil-induced liver injuries are mainly varying 
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degrees of liver cell necroses, which manifest as elevated 
transaminases, while methimazole-induced liver injuries are 
mainly intrahepatic cholestasis, which mainly manifests as 
elevated BiL.

Analysis of risk factors for DILI. There are numerous factors 
influencing DILI including race (14,15), age, gender, drug 
type, dose, route of administration, drug combination, genetic 
factors, diet (16), malnutrition, underlying liver lesions (17), 
which may all affect patients' susceptibility to DILI. In our 
study, 38.4% of patients originally suffered from hepatobiliary 
diseases, and 55.4% of patients had underlying diseases. The 
study further analyzed the risk factors for DILI by logistic 
regression, which found that the risk of DILI for patients 
with hepatobiliary diseases was 6.552 times that of patients 
without underlying hepatobiliary diseases, indicating that 
hepatobiliary diseases would increase the likelihood of DILI 
development. Research has confirmed that liver disease 
can increase the risk of DILI (18). Hepatobiliary diseases 
can reduce the hepatic ability to decompose, transform and 
remove drugs, and prolong drug retention in the body, thereby 
increasing the incidence of DILD. For instance, hepatitis is 
likely to increase the patients' susceptibility to drugs, which 
thus increases the incidence of hepatotoxicity.

This study showed that the risk of DILI for diabetic 
patients was 3.774 times that noted in the non-diabetic patients 
and the same risk for hypertensive patients was 2.801 times 
that in the non-hypertensive patients. Both blood pressure and 
blood glucose are major components of metabolic syndrome 
associated with abnormal liver function. Metabolic syndrome 
is associated with abnormal liver function. Patients with 
metabolic syndrome have significantly higher ALT than those 
without metabolic syndrome, according to a study (19). For 
instance, patients with type 2 diabetes often have abnormal 
lipid metabolism, oxygen stress and lipid peroxidation, 
abnormal changes in lipid factors, liver iron overload and 
abnormal accumulation of hepatic glycogen, resulting in great 
burden on the liver or liver impairment (20). Furthermore, 
chronic intake of liver metabolized drugs increases the meta-
bolic burden on the liver, which easily leads to liver injury.

Intrahepatic immune cells and their secreted cyto-
kines regulate the hepatic and systemic immune response. 
Occurrence and progression of DILI are interrelated and 
interactive with systemic immune dysfunction. Hepatic sinu-
soidal endothelial cells, lymphocytes, hepatic macrophages 
and neutrophils play important roles in the immunoregulatory 
mechanisms of DILI (21). Our study showed that the risk of 
DILI for patients with immune dysfunction was 6.13 times that 
noted in the immunocompetent patients. Excessively strong 
immune function causes allergies or autoimmune diseases, 
while excessively weak immune function leads to combined 
immunodeficiency and cancer. Those with allergic constitu-
tion are often more sensitive to drugs, more prone to adverse 
drug reactions such as drug eruption, urticaria and asthma, 
and have higher incidence of DILI. Patients with combined 
immunodeficiency or cancer, on the other hand, have increased 
susceptibility to drug hepatotoxicity.

Heavy drinking can cause or aggravate DILI; the risk can 
increase by 2-4 times compared to non-drinkers (22). Our 
study showed that the risk of DILI for chronic drinker patients 

was 2 times that noted for non-chronic drinker patients. Direct 
hepatotoxicity of ethanol and indirect hepatotoxicity of its 
metabolite acetaldehyde result in hepatocellular damage. 
Drug intake by chronic drinker patients under hepatocellular 
damage state will increase the incidence of hepatotoxicity.

Advanced age is often a risk factor for DILI. DILI accounts 
for ≤20% of all liver diseases among China's elderly popula-
tion; and 40% of elderly patients hospitalized for acute liver 
diseases have DILI. Risk of DILI for patients ≥45 years of age 
is 1.838 times that of the patients <45 years of age. Phase I 
and II drug metabolizing enzyme activities do not change with 
increasing age (23,24), but various organs deteriorate gradu-
ally. Reduced CYP3A removing capacity is associated with 
renal hypofunction (25), and reduced renal function leads to 
increased drug accumulation in the liver. In addition, preva-
lence of cardio-cerebrovascular and other chronic diseases 
increases with age, which often leads patients to chronically 
intake various drugs, healthcare products or Chinese medicinal 
preparations, thus easily causing DILI.

Although DILI is more prevalent among women, the 
autoantibody-positive rate for DILI was independent of gender, 
age, type of liver injury and CHILD classification. In this 
study, the medication time ≥30 day group had a significantly 
higher autoantibody-positive rate than that noted in the medi-
cation time <30 day group, suggesting a correlation between 
the autoantibody-positive rate and medication time, that is, 
the longer the medication time, the higher the positive rate. 
Patients with medication time ≥30 days were often chronic 
DILI patients, who presented high autoantibody positivity. 
With increasing CHILD score, the autoantibody-positive 
rate exhibited a gradually increasing trend. DILI with auto-
antibody positivity may portend severe liver injury outcome. 
Autoantibody-positive rate was similar among the different 
clinical types in this study, showing no significant difference. 
This suggests that drug-induced autoimmune responses can 
occur in both parenchymal liver cells and bile duct cells. 
Autoantibody positivity is more prevalent in hepatocellular 
DILI patients, who have significantly increased ALT, AST and 
may accompany elevated serum TBiL.

According to the 3-step injury model of DILI, first, 
drugs and their metabolites directly induce cellular stress, 
and inhibit intracellular mitochondrial function or activate 
specific immune response. Subsequently, the initial cellular 
damage leads to mitochondrial permeability transition, and 
finally transition of mitochondrial permeability inhibits ATP 
synthesis leading to necrosis (3). Therefore, combining the 
three-step DILI injury model with the findings in the present 
study that both Chinese and Western drugs can cause auto-
antibody positivity, DILI is still considered attributed to two 
mechanisms: i) direct hepatotoxicity by drug metabolites 
(primary compounds); and ii) idiosyncratic liver injury, with 
probable immune activation. The autoantibody-positive rate 
was higher in the Chinese drug-induced DILI group than 
the rated in the Western drug group, but the difference was 
insignificant, suggesting that the autoantibody-positive rate 
was independent of drug type. It is thus clear that in addition 
to the association with patients' idiosyncrasy, idiosyncratic 
DILI may also be associated with drug-related factors, which 
is the result of synergistic interactions between drug, host or 
environmental factors.
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Classic Hy's law provides an important basis for evalu-
ating the prognosis of DILI. When ALT ≥3 the upper limit of 
normal (ULN) and TBL >2 ULN, it generally indicates a poor 
prognosis, where mortality can reach 10-50% in the absence 
of biliary obstruction even after discontinuation of relevant 
drugs. In the presence of intrahepatic cholestasis and absence 
of of biliary obstruction and hepatocellular transporter protein 
dysfunction, continuous TBiL elevation means severe necrosis 
of liver cells causing obstructed bile excretion pathway, which 
suggests a poor prognosis. There is no specific treatment for 
DILI yet, and therapeutic efficacy is still uncertain. In our study, 
the therapeutic regime was discontinuation of the suspected 
drugs supplemented by comprehensive anti-inflammatory, 
detoxifying, choleretic and jaundice-removing medical treat-
ment. Comparison of prognosis found that both the Chinese 
and Western drug-induced DILI patients achieved good 
outcome, showing no statistical significance. Thus, regardless 
of the type of drugs (Chinese or Western drugs) responsible 
for DILI, even though DILI has no specific treatment yet with 
uncertain efficacy, timely discontinuation of the suspected 
drugs and active hepatoprotective treatment will demonstrate 
some clinical efficacy.

In conclusion, hepatotoxicity of most Chinese and Western 
drugs and their pathogeneses are unclear at present, nor are 
there any systematic criteria for monitoring and statistical 
analysis of DILI. Nevertheless, the present study believes that 
the pathogenic mechanisms of DILI are substantially the same 
for Chinese and Western drugs. To lower the incidence of DILI, 
dose and frequency of administration should be appropriately 
reduced on the premise of ensuring blood drug concentration.

Compared to other liver diseases, DILI has no specific 
diagnostic marker and its clinical manifestations are also 
nonspecific. All patients who manifest weakness, nausea, 
vomiting, loss of appetite, liver discomfort and other symp-
toms or demonstrate abnormal liver function during or after 
intake of drugs suspected of causing liver injury should be 
given high attention.

For DILI patients, the longer the medication time, the 
higher the positive rate of autoantibodies. Detection of auto-
antibodies in patients with abnormal liver function as a result 
of prolonged medication has significant referential value. Both 
Chinese and Western drugs can cause autoantibody positivity 
in DILI. Detection of autoantibodies may have no signifi-
cant referential value for differentiation between Chinese 
and Western drug-induced DILI. Nevertheless, Chinese and 
Western drugs induce DILI via three major pathways, i.e., 
direct cellular stress response, direct damage to mitochondrial 
function and stimulation of specific immune response, which 
may have some association with autoantibody positivity. DILI 
accompanied by autoantibody positivity may indicate severe 
liver injury outcome. Autoantibody positivity is more preva-
lent among hepatocellular DILI patients. Therefore, if patients 
with prolonged use of hepatotoxic drugs and significantly 
elevated ALT and AST are tested positive for autoantibodies, 
it will have certain significance to predicting the outcome of 
liver injury.

Hepatobiliary diseases, diabetes, hypertension, advanced 
age, chronic alcohol consumption and immune dysfunction 
are likely to increase drug susceptibility, and patients with 
these diseases are prone to liver injury. In clinical practice, 

the possibility of DILI should be considered firstly for liver 
dysfunctional patients possessing these risk factors. Thus, 
faced with complex pathogeneses, prevention of DILI seems 
particularly important. For patients with a history of drug 
allergy, chronic medication, advanced age, hepatobiliary 
diseases or underlying diseases, special attention should be 
paid to closely monitor the liver and kidney function param-
eters when using new drugs, and the abnormalities should 
be managed as early as possible while discontinuing the 
suspected drugs and administering active hepatoprotective 
therapy. Patients with a history of DILI should be informed 
of drugs with the same or similar chemical structures, so as to 
avoid the recurrence of DILI.

In conclusion, comprehensive clinical analysis of patient 
clinical features, hepatotoxic drugs, liver function indices, 
autoantibodies and underlying diseases is of vital and profound 
significance to the first time diagnosis of DILI, and to the 
prediction of DILI occurrence and progression, which not 
only provides direction to the creation of pathogenesis models 
for various drugs, but also lays a foundation for the future 
establishment of molecular detection and clinical evaluation 
platforms for DILI.
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