
pISSN 2287-2728      
eISSN 2287-285X

https://doi.org/10.3350/cmh.2019.1003
Clinical and Molecular Hepatology 2020;26:142-154Review

Corresponding author : Seng Gee Lim
Division of Gastroenterology and Hepatology, Department of Medicine, 
National University Health System, 1E Lower Kent Ridge Road, 119228, 
Singapore
Tel: +65-67724369, Fax: +65-67724361
E-mail: mdclimsg@nus.edu.sg
https://orcid.org/0000-0003-0994-4932

Abbreviations: 
CI, confidence interval; CVD, cardiovascular disease; DILI, drug induced liver 
injury; DME, drug metabolizing enzyme; INH_RIF_PZA, isoniazid-rifampicin-
pyrazinamide; NSAIDs, non-steroidal anti-inflammatory drugs; OR, odds ratio; TB, 
tuberculosis; WHO-UMC, World Health Organisation-Uppsala Monitoring Center

Received : Jul. 23, 2019 /  Revised : Aug. 29, 2019 /  Accepted : Sep. 5, 2019

INTRODUCTION

Drug induced liver injury (DILI) is defined as liver damage due to 

drugs, herbal medications or supplements. The pathogenesis of 

DILI is extremely heterogenous and causes vary from intrinsic 

hepatotoxicity, mitochrondrial toxicity, to immune mediated liver 

damage related to variations in drug metabolism, genetic 

differences and HLA susceptability.1 

DILI has the potential to be fatal with a wide spectrum of liver 

damage that ranges from mild abnormality to liver fibrosis to 

acute liver failure. Severe events are relatively rare, but can be 

catastrophic, particularly once jaundice occurs. This is reflected in 

Hy’s law2 in which alanine aminotransferase in serum is increased 

to over three times the upper limit of normal, and bilirubin is also 
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increased to over twice the upper limit of normal. Those who ful-

fill this “rule” have over 10% risk of mortality or liver transplanta-

tion. 

The mainstay of treatment is withdrawal of the offending agent. 

In mild to moderate cases, this is followed by eventual resolution 

of the liver damage, but in severe cases, liver transplantation may 

be necessary.

There are very few studies on the incidence of DILI worldwide. 

The main difficulty is to acertain the demoninator, i.e., the num-

ber of individuals receiving a culprit drug. True prevalence studies 

are prospective community based studies with well characterised 

reporting systems, low dropout and loss to follow up. Conse-

quently, there are very few population based studies.

So far the ‘best’ available population based survey was per-

formed in Nievre, France, 2002 where the local population had 

only a few hospitals for their healthcare, and almost all the doc-

tors participated in the study using a standard protocol following 

the International Consensus Meeting Proposal. The annual inci-

dence rate of DILI was 13.9±2.4 per 100,000 inhabitants.3 In a 

population based study in Iceland recently,4 the crude annual inci-

dence rate of DILI was 19.1 per 100,000 inhabitants, with a crude 

hospitalization rate of 4.4 per 100,000. A Spanish study in 2005 

estimated the annual incidence of hepatotoxicity to be 3.4 per 

100,000 inhabitants with crude hospitalization rate of 1.6 per 

100,000 inhabitants.5 In the East, a prospective study from Korea 

in 2012 involving 17 referring university hospitals with defined 

criteria based on World Health Organisation-Uppsala Monitoring 

Center (WHO-UMC) extrapolated crude annual incidence rate to 

be 12 per 100,000.6 Based on the above limited data available, it 

appears that there is not a major difference in incidence of DILI 

between the East and the West. However it is difficult to make 

firm conclusions based on the scanty data available, and there is 

a definite need for well conducted prospective population studies, 

particularly from the East. 

Is drug induced liver injury different in the East compared to the 

West? One may speculate that Asians have a different pharmaco-

genetic and immunological profile, and may therefore handle 

drugs differently. An additional problem in Asia is the widespread 

use of herbal and alternative medicines, the safety of which is 

poorly defined.

Consequently, there is an unfilled knowledge gap with regards 

to differences in Eastern compared to Western DILI with regards 

to causative agents. We aimed to determine whether agents 

causing DILI in the East was different from the West by perform-

ing meta-analyses of studies of DILI reported in the East, and 

those in the West, with regards to the most frequently reported 

agents. Since the reporting frequencies of DILI are most affected 

by reporting bias, we took measures to reduce bias.

METHODS

Literature search and eligibility criteria

A comprehensive literature search was performed on electronic 

databases: MEDLINE/PubMed, Embase, Cochrane Library and 

China National Knowledge Infrastructure until 31 March 2016. 

The specific concepts used in the search strategy were “drug in-

duced liver injury”, “incidence” and “prevalence”. We searched 

these terms in combination with the conducted literature search 

by Medical Subject Headings or Emtree terms, and free text terms. 

There were no restrictions on language. All the bibliography listed 

in review papers and included publications were also checked.

Two investigators (E.X.S.L. and S.G.L.) independently screened 

for eligible studies based on pre-defined eligibility criteria. 

Inclusion criteria were cross sectional or cohort studies which 

involve patients having DILI and which reported the frequency of 

the causative agents. For studies that had published duplicate 

results with accumulating numbers of patients, only the most 

recent or complete reports were included. Exclusion criteria were 

studies which sampled less than 200 subjects, did not provide 

sufficient information, technical reports, editorials, letters to the 

editor, and case reports. Any discrepancies regarding whether 

articles met selection criteria were resolved by consensus.

Data extraction and risk of bias assessment

The following data were extracted (E.X.S.L. and S.G.L.) from the 

included studies: 1) study characteristics (publication year, country 

of population, causality assessment criteria and study design); 

and 2) frequency of class-specific and agent-specific causative 

drugs. To reduce bias, frequency of agent specific causative drugs 

were only included if they were present in at least three studies.

The quality of each study was evaluated by two independent in-

vestigators (Z.Q. and E.C.). Quality of sampling (i.e., source of 

sampling and sampling methods) and quality of measurement 

(i.e., causality assessment criteria and consistency of criteria ap-

plication) were assessed to determine the study quality. Any dis-

agreement in quality assessment was resolved by discussion and 

consensus.
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Statistical analysis

A random effects model was applied to synthesize the current 

evidence using prevalence of class-specific and agent-specific 

causative drugs with 95% confidence interval (CI). To assess the 

potential heterogeneity, we calculated the I2 for each of analysis. 

We also planned a sub-group analysis on single-center and multi-

center study to explore the potential source of heterogeneity, as it 

was possible that single-center studies may lead to higher risk of 

bias compared to multi-center studies. Potential small-study 

effects and publication bias was assessed by a funnel plot. The 

estimated prevalence was plotted against the inverse of the stan-

dard error of the prevalence as a measure of precision reflecting 

the effect size. The Egger’s test was conducted with the null hy-

pothesis that symmetry exists in the funnel plot. Statistical analy-

ses were performed using Comprehensive Meta Analysis 3.3 

(Biostat, Englewood, NJ, USA) and StataMP 15.1 (StataCorp LLC, 

College Station, TX, USA).

RESULTS

A total of 6,914 studies were found using the search strategy 

but after exclusions only a total of 28 studies (Fig. 1, Table 1) 

were included for analysis. The causative agents were listed by 

class or as individual agents. The results were reported as event 

rates and 95% CIs, then were ranked based on the frequency of 

events, either as a drug class or as individual class. The frequen-

cies and event rates were shown between studies reported from 

Western countries and Eastern countries which were present in at 

least three studies. Since the studies were independently conduct-

ed no direct differences could be compared.

Frequency of DILI by class and individual agents: 
West versus East

In Figure 2, summary pooled estimates of the frequency or causative 

agents reported in Eastern and Western studies were shown by drug 

class in a descending order of number of causative events present in at 

least three studies. Forrest plot of classes of agents can be viewed in 

the supplementary material (Supplementary Fig. 1, 2). Drug classes 
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were listed as antibiotics, anti-epileptics, anti-tuberculosis (TB) 

drugs, cardiovascular (CVD) agents, gastrointestinal agents, 

herbal and supplements, lipid-lowering agents, non-steroidal 

anti-inflammatory drugs (NSAIDs), and psychotropic drugs. The 

event rate and 95% CIs for each study and the pooled analysis for 

each drug class was shown. Significant heterogeneity was shown 

for pooled analysis of some drug classes and in other drug 

classes, when the number of studies was less than four, it was not 

possible to generate statistical heterogeneity (Fig. 2).

In Figure 3A, summary pooled estimates of the frequency of 

individual agents reported in Eastern studies and in Figure 3B, 

summary pooled estimates of individual agents reported in 

Eastern studies were shown. Forrest plots of the individual agents 

can be viewed in the supplementary material (Supplementary Fig. 3, 

4). The event rate and the 95% CIs are shown for each study and 

the pooled estimate. Only four drugs as individual agents were 

found from a search of Eastern studies, as most of the studies 

reported only drug classes in contrast to Western studies where 

there were many more reports of individual agents. Significant 

heterogeneity was seen for acetaminophen, amoxicillin-clavula-

nate acid, diclofenac, flucloxacillin, heparin, and minocycline for 

Western studies, while in Eastern studies, heterogeneity was seen 

in acetaminophen, and isoniazid-rifampicin-pyrazinamide (INH_

RIF_PZA). 

Ranking of DILI in West and East

In Table 2, a summary table of the ranking of number of 

causative events of the class of agents implicated in DILI from 

Western studies and Eastern studies are shown. In Western 

studies antibiotic DILI ranked the highest with 1,161 events and a 

prevalence of 34.9% (95% CI, 25.4–45.1%) while anti-TB drugs 

was ranked the highest for Eastern studies with 563 events and a 

prevalence of 26.6% (95% CI, 13.1–42.9%). For the second 

ranked DILI in the West, CVD agents had 392 events and a preva-

lence of 17.3% (95% CI, 7.8–29.5%), while in the East, herbs and 

supplements ranked second with 914 events and a prevalence of 

25.3% (95% CI, 12.5–40.6%). In the West, psychotrophic drugs 

with 161 events and a prevalence of 13.1% (95% CI, 6.8–21.0%) 

ranked third, while in the East, antibiotics with 554 events and a 

prevalence of 15.7% (95% CI, 9.0–23.9%) ranked third.

While anti-TB agents are also antibiotics, they were classed 

separately since they were often quite specific and used in combi-

nation. 

In Table 3, the summary table of the ranking of the number of N
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Figure 2. (A) DILI by drug class of Eastern studies. Summary pooled estimates are shown as ES and 95% CIs. Where I2 and P-values are not shown, this 
indicates <4 studies and statistical heterogeneity could not be assessed. (B) DILI by drug class of Western studies. Summary pooled estimates are 
shown as ES and 95% CIs. Where I2 and P-values are not shown, this indicates <4 studies and statistical heterogeneity could not be assessed. ES, 
estimate of proportion; CI, confidence interval; DILI, drug induced liver injury.
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Antibiotic (n=28,168)
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Subtotal (I2 not assessable) 0.046 (0.037, 0.056)

Antithyroid (n=24,473)
Subtotal (I2 not assessable) 0.027 (0.025, 0.029)

Antivirals (n=24,729)
Subtotal (I2 not assessable) 0.024 (0.004, 0.057)

CVD agents (n=26,026)
Subtotal (I2 not assessable) 0.052 (0.014, 0.112)

Gastro agents (n=26,026)
Subtotal (I2 not assessable) 0.041 (0.003, 0.118)

Herbal and supplements (n=28,265)
Subtotal (I2=98.9%, P=0.000) 0.227 (0.146, 0.318)

Lipid-lowering (n=25,637)
Subtotal (I2=97.8%, P=0.000) 0.070 (0.024, 0.136)

NSAIDs (n=27,767)
Subtotal (I2=91.8%, P=0.000) 0.059 (0.042, 0.079)

Psychotropic (n=26,766)
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Subtotal (I2=92.5%, P=0.000) 0.322 (0.248, 0.401)
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Gastro agents (n=1,025)
Subtotal (I2 not assessable) 0.030 (0.020, 0.041)

Herbal and supplements (n=1,467)
Subtotal (I2 not assessable) 0.084 (0.008, 0.221)

Lipid-lowering (n=591)
Subtotal (I2 not assessable) 0.050 (0.015, 0.100)

NSAIDs (n=1,932)
Subtotal (I2=97.0%, P=0.000) 0.137 (0.051, 0.252)

Psychotropic (n=824)
Subtotal (I2=75.4%, P=0.003) 0.126 (0.077, 0.185)

Antiepileptics (n=254)
Subtotal (I2 not assessable) 0.031 (0.012, 0.057)
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Figure 3. (A) DILI by individual agents in Eastern studies. Summary pooled estimates are shown as ES and 95% CIs. Where I2 and P-values are not 
shown, this indicates <4 studies and statistical heterogeneity could not be assessed. (B) DILI by individual agents in Western studies. Summary pooled 
estimates are shown as ES and 95% CIs. Where I2 and P-values are not shown, this indicates <4 studies and statistical heterogeneity could not be 
assessed. ES, estimate of proportion; CI, confidence interval; INH_RIF_PZA, isoniazid-rifampicin-pyrazinamide; DILI, drug induced liver injury.
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Subtotal (I2=90.7%, P=0.000) 0.063 (0.020, 0.101)
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Flutamide (n=485)
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Heparin (n=271)
Subtotal (I2 not assessable) 0.187 (0.067, 0.346)

Ibuprofen (n=701)
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Subtotal (I2 not assessable) 0.044 (0.019, 0.077)

Minocycline (n=931)
Subtotal (I2 not assessable) 0.027 (0.016, 0.040)
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causative events of the individual agents implicated in DILI from 

Western studies and Eastern studies are shown. There was a 

much larger number of individual agents described in Western 

studies (n=9) compared to Eastern studies (n=4). This is mainly 

due to Eastern studies describing classes of agents rather than 

individual agents. The top ranked individual agent in the West 

was amoxicillin-clavulanate with 356 events and a prevalence of 

11.3% (95% CI, 8.4–14.8%) while in the East was INH_RIF_PZA 

with 25.4% (95% CI, 8.3–47.7%). Nimesulide with 77 events and 

prevalence of 6.3% (95% CI, 0.87–15.9%) was ranked second in 

the West and phenytoin with 25 events and a prevalence of 3.5% 

(95% CI, 0.6–8.2%) in the East.

Potential heterogeneity and publication bias

Almost all the forest plots showed significant statistical hetero-

geneity. One source of heterogeneity was whether the data 

source was a multi-centre or single centre study. It is possible that 

single centre studies may lead to higher risk of bias compared to 

multi-centre studies. There were significant differences in preva-

lence for individual drugs. This was especially true for Western 

studies in particular, such as the case of acetaminophen where 

multi-centre studies reported an event rate of 7% (95% CI, 0.9–

37.1%) compared to 67.5% (95% CI, 51.7–80.1%) for single cen-

tre studies (Supplementary Table 1). For Eastern studies, only 

amoxicillin-clavulanate and INH_RIF_PZA were represented as 

both multi-centre and single centre studies, and differences were 

relatively minor. When we examine the differences in class of 

drugs comparing multi-centre versus single centre studies in 

Western studies, there were notable differences in prevalence of 

antibiotics 27.1% (95% CI, 19.0–36.9%) for multicentre studies, 

and 42.1% (95% CI, 27.6–58.2%) for single centre studies and 

NSAIDs 9.1% (95% CI, 2.8–25.5%) for multicentre studies, and 

17.7% (95% CI, 7.9–35.1%) for single centre studies. In Eastern 

studies, notable differences were seen in prevalence of antibiotic 

related DILI, 11.7% (95% CI, 6.9–19.3%) for multicentre studies, 

and 26.1% (95% CI, 6.5–64.1%) for single centre studies, and 

lipid-lowering agents 2.4% (95% CI, 0.7–8.1%) for multicentre 

studies, and 11.4% (95% CI, 0.4–78.9%) for single centre studies 

(Supplementary Table 1). Given that funnel plots generally require 

at least 10 studies for Egger’s test, we selected Antibiotics for the 

plot generation as it was the most reported medication class 

among the included studies. From the Egger’s tests, we found 

that both P-values were larger than 0.05, indicating that current 

Table 2. Summary of ranks by class and single agents by class (with all studies)

Rank West
No. of 

studies
DILI 

event
Total 
DILIs

Prevalence (%), 
range

East
No. of 

studies
DILI 

event
Total 
DILIs

Prevalence (%), 
range

1 Antibiotics 15 1,167 3,613 34.9 (25.4, 45.1) Anti-TB 4 563 2,340 26.6 (13.1, 42.9)

2 CVD agents 6 392 2,868 17.3 (7.8, 29.5) Herbal and sup 8 914 4,164 25.3 (12.5, 40.6)

3 Psychotropic 7 161 1,512 13.1 (6.8, 21.0) Antibiotics 9 554 4,380 15.7 (9.0, 23.9)

4 NSAIDs 10 307 3,252 12.5 (6.8, 19.8) Psychotropic 5 251 2,665 8.2 (4.4, 12.8)

5 Herbal and sup 4 184 2,094 6.7 (1.2, 16.0) NSAIDs 5 256 3,666 4.8 (2.2, 8.2)

DILI, drug induced liver injury; TB, tuberculosis; CVD, cardiovascular; NSAIDs, non-steroidal anti-inflammatory drugs.

Table 3. Summary of ranks by class and single agents by single agents

Rank West
No. of 

studies
DILI 

event
Total 
DILIs

Prevalence (%), 
range

East
No. of 

studies
DILI 

event
Total 
DILIs

Prevalence (%), 
range

1 Amoxicillin-
clavulanate

15 356 2,977 11.3 (8.4, 14.8) INH_RIF_PZA 4 348 1,270 25.4 (8.3, 47.7)

2 Nimesulide 4 77 1,485 6.3 (0.87, 15.9) Phenytoin 4 25 1,270 3.5 (0.6, 8.2)

3 Ibuprofen 5 68 1,389 6.1 (2.8, 10.4) Cephalosporin 3 17 1,241 2.9 (0.0, 10.1)

4 INH_RIF_PZA 8 109 2,027 4.6 (3.2, 6.2) Carbamazepine 3 61 1,241 1.3 (0.4, 2.7)

5 Diclofenac 8 75 2,588 3.7 (1.8, 6.2) Valproate 3 37 909 0.3 (0.0, 1.8)

DILI, drug induced liver injury; INH_RIF_PZA, isoniazid-rifampicin-pyrazinamide.
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evidence cannot detect any statistically significant small-study 

effects or publication bias (Supplementary Fig. 5, 6).

DISCUSSION

Studies of DILI have reported varying frequency of implicated 

agents. Almost all of these studies come from the West where 

there are well established networks and infrastructure for DILI. 

From our systematic review, we can conclude that the agents 

commonly implicated in the East are quite different to those from 

the West. Ranking of number of causative events show that in the 

West, amoxicillin-clavulanate, nimesulide and ibuprofen are the 

common agents implicated in DILI while in the East, INH_RIF_

PZA, phenytoin and cephalosporins are the commonly reported. 

INH_RIF_PZA is common in Eastern DILI, but is less frequent in 

the West. 

Examining the event frequencies of classes of DILI agents are 

also revealing. Antibiotics 34.9%, are the most frequent class of 

agent in the West but only the third most frequent 15.7% in the 

East, and is reflected in the lower frequency by almost half. An in-

creasingly important DILI group is herbs and supplements, for 

which Eastern studies show a frequency of 25.3% compared to 

Western studies showing a significantly lower frequency of 6.7%. 

The herbs implicated are also likely to be different in the West 

compared to the East. In a review of herbal hepatotoxicity, Tes-

chke and Eickhoff7 compiled a comprehensive overview of herbal 

preparations implicated. By extracting the source reference, we 

compiled the top 10 common herbs implicated in the East versus 

the West (Table 4). The most common herb causing hepatotoxicity 

in the East was Tu San Qi (Gynura segetum, n=164 cases) while 

the most common herbal hepatoxocixity in the West was Lu Cha 

(Camellia Sinensis , n=133 cases) or Chinese Green Tea (Table 4). 

Unfortunately, in the case of most herbal DILI, it may be impossi-

ble to identify the particular chemical that is causing the liver 

damage. Moreover, many herbal preparations may contain unde-

clared adulterants,8 which could also contribute to liver damage.

By using the frequency of reported DILI comparing Western re-

ports to that of Eastern reports we are able to obtain an overview 

of the common drugs implicated and a pooled estimate of their 

frequency. Nonetheless, the study’s main limitation is that of re-

porting bias. Potential sources of bias were reduced by examining 

subgroups using multicentre rather than single centre studies. 

These were sources of heterogeneity with particular drugs such as 

acetaminophen. In the case of acetaminophen, this may be due to 

a classification problem since it may be considered a drug causing 

liver toxicity and tends to be treated separately from DILI as this 

has been excluded from the prospective DILIN study in the USA.9

The certainty of pooled estimates are reflected by the narrow-

ness of the CIs. Although this can be a little subjective, we can be 

Table 4. Comparison of herbal DILI between East and West

East West

Tu San Qi (Gynura segetum; n=164) Lu Cha (Camellia Sinensis [Chinese green tea]; n=133)

Shou Wu Pian (Achyranthes bidentata, Cuscuta chinensis, 
Polygonum Multiflorum, Psoralea corylifolia; n=31)

Heliotropoium (Heliotropoium eichwalde; n=102)

Chai Hu (Bupleurum falcatum; n=28) Herbalife (Solidaginis gigantea, Ilex paraguariensis, Petroselinum crispum, 
Garcinia cambogia, Spiraea, Matricaria chamomilla, Liquirizia, 
Foeniculum amare, Humulus lupulus, etc.; n=55)

Xiao Chai Hu Tang (Bupleurum falcatum, Ginseng, Glycyrrhiza 
glabra, Pinellia tuber, Scutellaria baicalensis; n=24)

Greater Celandine (Chelidonium majus; n=44)

Bai Xian Pi (Dictamnus dasycarpus; n=22) Kava (Piper methysticum; n=38)

Chi R Yun (Breynia officinalis; n=21) Chaparral (larrea tridentata, Larrea divaricata syn. Creasote; n=24)

Huang Qin (Scutellaria baicalensis; n=19) Lycodium similiaplex (Lycopodium serratum, Chelidonium majus; n=20)

Long Dan Xie Gan Tang (n=17) Germander (Teucrium chamaedrys, Teucrium polium; n=13)

Yin Chen Hao (Artemisia capillaris; n=8) Hydroxcut (Camellia sinensis, Gymnema sylvestre, etc.; n=13)

Kudzu (Pueraria thunbergiana; n=6) Jin Bu Huan (Lycopodium serratum), or rarely, Corydalis species, Panax 
ginseng, Pseudo ginseng or two species of Stephania (n=13)

Adapted from Teschke et al.7

DILI, drug induced liver injury.
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more certain when CIs are relatively narrow. In this regard, 

Western reports of antibiotics show an event frequency of 34.9% 

(95% CI, 25.4–45.1%) but when examining single agents of anti-

biotics, amoxicillin-clavulanate 13.1% (95% CI, 10.6–16.2%), and 

nitrofurantoin 5.1% (95% CI, 3.3–7.8%) provide more reliable es-

timates while flucloxacillin 12.2% (95% CI, 4.9–27.5%), and mi-

nocycline 5.9% (95% CI, 1.4–21.0%) have wider CIs. In other 

drug classes of Western DILI, anti-TB drugs 8.2% (95% CI, 6.3–

10.5%) and anti-neoplastic drugs 4.7% (95% CI, 2.8–7.7%) have 

reasonably narrow CIs. With regards to Eastern DILI by drug class, 

NSAIDs 4.8% (95% CI, 2.2–8.2%) has reasonable CIs and for the 

single agents, carbamazepine 1.8% (95% CI, 0.7–4.7%) has rea-

sonable CIs. Nonetheless, despite the wider CIs in some instances, 

the overall findings and rankings of both classes of agents and 

individual agents provides a picture of differences in DILI between 

East and West.

Could the differences between Western and Eastern DILI be 

explained by pharmacogenetic differences? One well studied field 

is TB drug related DILI. A meta analysis by Cai et al.10 studied the 

association between drug metabolizing enzyme (DME) gene poly-

morphisms and the risk of TB drug related DILI. Four DME genes 

were studied (NAT2, CYP2D1, GSTM1, and GSTT1) through 38 

studies involving more than 2,000 patients. TB drug related DILI 

was associated with NAT2 slow acetylator genotype (odds ratio 

[OR], 3.18; 95% CI, 2.49–4.07) as well as GSTM1 null genotype 

(OR, 1.43; 95% CI, 1.08–1.88), amongst East Asians, Indian, 

Middle Eastern and Caucasians. In Asians, all three risk genes 

were significantly associated to risk of TB drug related DILI com-

pared to Caucasians; CYP2E1*1A 1c/1c wildtype (OR, 1.35; 95% 

CI, 1.01–1.81), GSTM1 null genotype (OR, 1.55; 95% CI, 1.12–

2.13), NAT2 slow acetylator (OR, 3.32; 95% CI, 2.43–4.53). These 

findings suggest that genetic factors involved in drug handling 

play an important role in TB drug related DILI susceptibility.

The strength of our study is that it provides for the first time 

frequencies and ranking of DILI comparing East and West, despite 

the limitations of the quality of the DILI reports, differences in dis-

ease prevalence and patterns of drug prescribing. Overall, the 

data syntheses show differences in DILI reporting and prevalence 

between East and West, both in drug class and individual agents. 

How should we use this information? The first clinical utility is 

that clinicians should be aware that certain classes and individual 

agents are more susceptible in the East to DILI, and monitor such 

patients more carefully, and the second is that certain classes of 

agents should be avoided (herbs and supplements) if they provide 

no clear benefit but come with increased risk, and finally drugs 

that are potentially hepatotoxic in the West, may not be so in the 

East. In the first instance, TB drug related DILI in the East has a 

26.6% frequency amongst all DILI (but only 8.2% in the West, 

see Supplement Fig. 1-6) which makes these crucial agents to 

monitor for DILI. Liver failure due to TB drug related DILI is still a 

major but preventable problem that occurred in 14% of DILI cases 

in one report.11 This could be avoided if proper monitoring was in 

place with the knowledge that patients treated for TB have a high 

risk of DILI. The second important finding is that herbal DILI con-

tributes 25.3% of DILI, and that many Asians are taking herbs 

and supplements without knowledge of their toxicity. One report 

of 177 cases acute liver failure from China, DILI accounted for 

43.5%, and herbal DILI was the predominant cause in 39% of 

DILI cases.12 Patients should be forewarned that herbs and supple-

ments pose a substantial risk without clear benefit. Lastly, certain 

drugs which have increased frequency of DILI in the West such as 

amoxicillin-clavulanate, is a rare cause of DILI in the East.

As discussed previously, limitations of our study are that the re-

ported differences in prevalence of DILI may be confounded by 

the frequency of the disease in the countries concerned and con-

sequently the frequency of the drugs prescribed, and not just ex-

plained by pharmacogenomics differences. It is beyond the scope 

of our study to examine such limitations, which can only be ad-

dressed by prospective collection of data in country specific data-

bases. An example of differences in disease prevalence and inci-

dence that could impact DILI reporting is that of TB. The World 

Health Organisation Tuberculosis Global Report,13 provides an 

overview of the incidence of TB and Asian countries contribute to 

11 of the top 30 burden of disease countries with India 

(2,790,000) and Indonesia (1,020,000) contributing the largest 

burden. Overall Western countries (Americas, Eastern Mediterra-

nean, and Europe) contribute to 1,330,000 cases but Asia (South-

East Asia and Western Pacific) contributes 6,470,000 cases. In 

this setting, there are far more cases of TB in the East compared 

to the West and this may be a contributing reason for the high 

frequency of TB drug related DILI.

In conclusion, this study has shown clear differences in frequen-

cy of drugs implicated in DILI reported in Western studies and 

compared to Eastern studies, both by drug class (antibiotics are 

frequent DILI in the West while anti-TB drugs are frequent in the 

East), and for specific agents (Amoxicillin-clavulanate related DILI 

is the common in the West while INH_RIF_PZA is the common in 

the East). Knowledge of such differences and their pooled esti-

mates of frequency, now provides clinicians of more precise dan-

gers of DILI during prescribing, and to advise patients of potential 



153

En Xian Sarah Low, et al. 
DILI East versus West

http://www.e-cmh.org https://doi.org/10.3350/cmh.2019.1003

DILI when taking herbs and supplements. This field is also an area 

where research into genetic polymorphisms drug handling are 

much needed.

Author’s contribution
Overall concept and study design: SGL

Search, retrieval and evaluation of articles: SGL, EXSL

Analysis of quality and statistics: QZ, EC

Manuscript draft and editing: SGL, EXSL, QZ, EC

Final approval: SGL, EXSL, QZ, EC

Conflicts of Interest
The authors have no conflicts to disclose.

SUPPLEMENTARY MATERIAL

Supplementary material is available at Clinical and Molecular 

Hepatology website (http://www.e-cmh.org).

REFERENCES

  1. Tujios S, Fontana RJ. Mechanisms of drug-induced liver injury: from 

bedside to bench. Nat Rev Gastroenterol Hepatol 2011;8:202-211.

  2. Temple R. Hy’s law: predicting serious hepatotoxicity. Pharmacoepi-

demiol Drug Saf 2006;15:241-243.

  3. Sgro C, Clinard F, Ouazir K, Chanay H, Allard C, Guilleminet C, et 

al. Incidence of drug-induced hepatic injuries: a French population-

based study. Hepatology 2002;36:451-455.

  4. Björnsson ES, Bergmann OM, Björnsson HK, Kvaran RB, Olafsson 

S. Incidence, presentation, and outcomes in patients with drug-

induced liver injury in the general population of Iceland. Gastroen-

terology 2013;144:1419-1425, 1425.e1-e3; quiz e19-e20.

  5. Andrade RJ, Lucena MI, Fernández MC, Pelaez G, Pachkoria K, 

García-Ruiz E, et al. Drug-induced liver injury: an analysis of 461 

incidences submitted to the Spanish registry over a 10-year period. 

Gastroenterology 2005;129:512-521.

  6. Suk KT, Kim DJ, Kim CH, Park SH, Yoon JH, Kim YS, et al. A prospec-

tive nationwide study of drug-induced liver injury in Korea. Am J 

Gastroenterol 2012;107:1380-1387.

  7. Teschke R, Eickhoff A. Herbal hepatotoxicity in traditional and mod-

ern medicine: actual key issues and new encouraging steps. Front 

Pharmacol 2015;6:72.

  8. Wai CT, Tan BH, Chan CL, Sutedja DS, Lee YM, Khor C, et al. Drug-

induced liver injury at an Asian center: a prospective study. Liver Int 

2007;27:465-474.

  9. Fontana RJ, Watkins PB, Bonkovsky HL, Chalasani N, Davern T, Ser-

rano J, et al. Drug-Induced Liver Injury Network (DILIN) prospective 

study: rationale, design and conduct. Drug Saf 2009;32:55-68.

10. Cai Y, Yi J, Zhou C, Shen X. Pharmacogenetic study of drug-metab-

olising enzyme polymorphisms on the risk of anti-tuberculosis drug-

induced liver injury: a meta-analysis. PLoS One 2012;7:e47769.

11. Devarbhavi H, Patil M, Reddy VV, Singh R, Joseph T, Ganga D. Drug-

induced acute liver failure in children and adults: results of a single-

centre study of 128 patients. Liver Int 2018;38:1322-1329.

12. Zhao P, Wang C, Liu W, Chen G, Liu X, Wang X, et al. Causes and 

outcomes of acute liver failure in China. PLoS One 2013;8:e80991.

13. Organization WH. Global tuberculosis report 2017. Geneva: World 

Health Organization, 2017.

14. Bessone F, Hernandez N, Lucena MI, Andrade RJ; Latin Dili Network 

Latindilin And Spanish Dili Registry. The Latin American DILI Registry 

experience: a succesful ongoing collaborataive strategic initiative. 

Int J Mol Sci 2016;17:313.

15. Chalasani N, Bonkovsky HL, Fontana R, Lee W, Stolz A, Talwalkar 

J, et al. Features and outcomes of 899 patients with drug-

induced liver injury: the DILIN prospective study. Gastroenterology 

2015;148:1340-1352.e7.

16. De Valle MB, Av Klinteberg V, Alem N, Olsson R, Björnsson E. Drug-

induced liver injury in a Swedish University hospital out-patient 

hepatology clinic. Aliment Pharmacol Ther 2006;24:1187-1195.

17. de Abajo FJ, Montero D, Madurga M, García Rodríguez LA. Acute 

and clinically relevant drug-induced liver injury: a population based 

case-control study. Br J Clin Pharmacol 2004;58:71-80.

18. Ibáñez L, Pérez E, Vidal X, Laporte JR; Grup d’Estudi Multicènteric 

d’Hepatotoxicitat Aguda de Barcelona (GEMHAB). Prospective 

surveillance of acute serious liver disease unrelated to infectious, 

obstructive, or metabolic diseases: epidemiological and clinical fea-

tures, and exposure to drugs. J Hepatol 2002;37:592-600.

19. Carey EJ, Vargas HE, Douglas DD, Balan V, Byrne TJ, Harrison ME, et 

al. Inpatient admissions for drug-induced liver injury: results from a 

single center. Dig Dis Sci 2008;53:1977-1982.

20. Hussaini SH, O’Brien CS, Despott EJ, Dalton HR. Antibiotic therapy: 

a major cause of drug-induced jaundice in southwest England. Eur J 

Gastroenterol Hepatol 2007;19:15-20.

21. Meier Y, Cavallaro M, Roos M, Pauli-Magnus C, Folkers G, Meier PJ, 

et al. Incidence of drug-induced liver injury in medical inpatients. 

Eur J Clin Pharmacol 2005;61:135-143.

22. Sabaté M, Ibáñez L, Pérez E, Vidal X, Buti M, Xiol X, et al. Risk of 

acute liver injury associated with the use of drugs: a multicentre 

population survey. Aliment Pharmacol Ther 2007;25:1401-1409.

23. Sistanizad M, Peterson GM. Drug-induced liver injury in the Austra-

lian setting. J Clin Pharm Ther 2013;38:115-120.

24. Galan MV, Potts JA, Silverman AL, Gordon SC. The burden of acute 



154 http://www.e-cmh.org

Clin Mol Hepatol
Volume_26  Number_2  April 2020

https://doi.org/10.3350/cmh.2019.1003

nonfulminant drug-induced hepatitis in a United States tertiary re-

ferral center [corrected]. J Clin Gastroenterol 2005;39:64-67.

25. Vega M, Verma M, Beswick D, Bey S, Hossack J, Merriman N, et al. 

The incidence of drug- and herbal and dietary supplement-induced 

liver injury: preliminary findings from gastroenterologist-based 

surveillance in the population of the State of Delaware. Drug Saf 

2017;40:783-787.

26. Kwon H, Lee SH, Kim SE, Lee JH, Jee YK, Kang HR, et al. Spontane-

ously reported hepatic adverse drug events in Korea: multicenter 

study. J Korean Med Sci 2012;27:268-273.

27. Zhou Y, Yang L, Liao Z, He X, Zhou Y, Guo H. Epidemiology of drug-

induced liver injury in China: a systematic analysis of the Chinese 

literature including 21,789 patients. Eur J Gastroenterol Hepatol 

2013;25:825-829.

28. Ou P, Chen Y, Li B, Zhang M, Liu X, Li F, et al. Causes, clinical fea-

tures and outcomes of drug-induced liver injury in hospitalized pa-

tients in a Chinese tertiary care hospital. Springerplus 2015;4:802.

29. Lee CH, Wang JD, Chen PC; Health Data Analysis in Taiwan (hDATa) 

Research Group. Case-crossover design: an alternative strategy for 

detecting drug-induced liver injury. J Clin Epidemiol 2012;65:560-

567.

30. Takikawa H, Murata Y, Horiike N, Fukui H, Onji M. Drug-induced 

liver injury in Japan: an analysis of 1676 cases between 1997 and 

2006. Hepatol Res 2009;39:427-431.

31. Huang YS, Chang TT, Peng CY, Hsu CW, Lo GH, Hu CT. A nationwide 

study of drug-induced liver injury in Taiwan. Singapore: APASL, 

2013.

32. Sobhonslidsuk A, Poovorawan K, Soonthornworasiri N, Pan-ngum 

W, Phaosawasdi K. The incidence, outcomes and cost of drug-

induced liver injury from a national database in Thailand. Hepatol 

Int 2016;10 (Suppl 1):S460, LBO-36.

33. Rathi C, Shah K, Sawant P. Drug-induced liver injury at a tertiary 

care hospital in India: etiology, presentation and outcome. Hepatol 

Int 2016;10 (Suppl 1):S435, P-1001.

34. Bektas M, Idilman R, Cerit T, Cinar K, Toruner M, Soykan I, et al. 

Drug induced liver injury: a single center experience over a 7-year 

period. Hepatology 2008;48(4 Suppl):475A.

35. Jaiprakash H, Narayana S, Mohanraj J. Drug-induced hepatotoxic-

ity in a tertiary care hospital in rural South India. N Am J Med Sci 

2012;4:90-93.

36. Devarbhavi H, Dierkhising R, Kremers WK, Sandeep MS, Karanth D, 

Adarsh CK. Single-center experience with drug-induced liver injury 

from India: causes, outcome, prognosis, and predictors of mortality. 

Am J Gastroenterol 2010;105:2396-2404.


