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Background: The use of antibiotics increases recently. Accordingly, the incidence of antibiotics associated 
with drug induced liver injury (DILI) also increases. The purpose of this study is to evaluate the proportion 
and the clinical characteristics of antibiotic associated with DILI.
Methods: This study is a retrospective study of analyzed adult patients who were referred to the department 
of hepatology for the elevation of liver function tests and the frequency of elevated liver enzyme of patients 
with prescribed antibiotics during the same period at outpatient setting as a validation set. 
Results: Antibiotics associated with DILI (64.0%) are the most common reason agent among consulting 
to hepatology department. Rheumatoid arthritis related drugs (11.0%), health supplements (5.0%), herbal 
medicines (4.0%), anti-viral drugs, anti-inflammatory analgesics/acetaminophen and lipid-lowering agents 
(3.0%) were next common causative drug for DILI in inpatients setting (training set). The frequency 
of antibiotics associated with DILI was high in order of flomoxef, cetrazole, ceftriaxone, vancomycin, 
piperacillin/tazobactam and amoxicillin/clavulanate. In the same period, 32% of the patients who prescribed 
flomoxef showed elevated liver enzyme levels above the upper normal limit. The prevalence of flomoxef 
induced DILI (>3 folds of ALT) was 13% and liver enzyme levels were five times higher than upper normal 
limits in 5% of flomoxef groups. Hypertension or diabetes was the risk factor of flomoxef associated with 
DILI.
Conclusions: The Prevalence of antibiotics associated with DILI was 2–14%. Co-morbidity with diabetes 
and hypertension was the risk factor of flomoxef associated with DILI.
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Introduction

Liver is an important body organ for drug metabolism. 
Physicians meet DILI frequently in routine practice (1,2). 
It is reported that the incidence of DILI is approximately 
1/10,000–1/100,000 person/year (3) and it varies according 
with countries and institutes where the study was conducted. 
Table 1 shows the baseline characteristics of patients with 
elevated liver enzyme. It was reported that the incidences of 
DILI in Iceland and in France are 19.1/100,000 person/year 
and 13.9/100,000 person/year, respectively (4). However, 
the incidence of drug induced liver injury in Korea is 
12/100,000 person/year (5). According to the studies on 
common causative agents, acetaminophen was suspected as 
the most common cause of DILI. Trogiltazone, valproate 
and halothane seem to be the next common causative drug 
for DILI (6).

The incidence and causative drug of DILI varies with 
regions. Acetaminophen, antibiotics, anticancer drugs, 
anesthetics and anti-tuberculosis drugs were reported to 
the most common causative agents that may induce liver 
injuries in the Western countries (7,8). However, herbal 
medicines or prescribed traditional medicines were found to 
be the major cause of liver injuries in the Eastern countries 
(9,10). Recently, as the prescription rate of antibiotics 
increased. The prevalence of antibiotics associated DILI 
also increased. Among the antibiotics associated DILI, 
amoxicillin/clavulanate are seemed to be the most common 
causative agents of DILI (11-13). Amoxicillin/Clavulanate 
are the most frequently-used antibiotics and the ratio 
of DILI according to the total number of prescribed 
antibiotics is still unknown. Additionally, there are many 
studies regarding the liver injuries caused by the herbal 
medicine and traditional remedies in the East, including 
Korea. However, there are only a few studies on the 
antibiotics-induced liver injuries (5,14). It was difficult to 
exclude patients with a baseline high liver enzyme level 
because there was no evaluation of the baseline level of the 
patients. Also, depending on the frequency of prescription, 
a bias may occur in the evaluation of the drug-induced 
liver injury and the clinical aspect. This study attempted 
to supplement the shortcomings of previous studies 
by identifying the baseline liver enzyme of patients. In 
addition, we reviewed all patients who had been prescribed 
the same drug for one year to determine whether it was a 
common cause of increased hepatitis levels even when the 
frequency of prescription was adjusted.

The study herein examined the incidences of DILI 

caused by antibiotics and their clinical characteristics. 
We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-5144).

Methods

Study design

This study is a cross-sectional study and consisted of 
inpatients as training set and outpatients as validation 
set. The study is a retrospective cross-sectional study 
conducted with electronic records of Hanyang University 
Medical Center from April 1st, 2017 to March 31st, 2018. 
All inpatients cohort were consulted to the hepatology 
department due to elevated liver enzyme level from 
April 1st, 2017 to March 31st, 2018 (one year) at single 
tertiary hospital. Outpatient cohort was patients who 
were prescribed antibiotics in outpatient clinic at the same 
period. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the institutional review board of Hanyang 
University (HYUH 2018-11-028-001) and individual 
consent for this retrospective analysis was waived.

Inpatient population (training set)

The study was carried through patients hospitalized at 
Hanyang University Seoul Hospital consulted to the 
hepatology department due to elevated liver enzyme from 
April 1st 2017 to March 31st 2018. The selected patients are 
18 or more years old and the liver enzyme level of 120 mg/dL  
or higher. 120 mg/dL is 3 times of the upper normal limit, 
40 mg/dL. However, excluded are patients whose liver 
enzyme level of 40 mg/dL or higher prior to administration 
of antibiotics (15,16). The liver enzyme level of patients was 
regularly checked for every 2–3 days from the point the level 
elevated after administration of antibiotics to the point of 
level normalized after stop administration of antibiotics. We 
investigated the underlying patients prior to hospitalization 
about underlying diseases, sex, age, body mass index, name 
of a disease upon hospitalization, hospitalized department, 
antibiotics currently administering, and the duration of 
their administration.

Outpatient population (validation set)

The study limits the outpatients who were prescribed with 
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antibiotics for more than a day from April 1st, 2017 to 
March 31st, 2018. The patients chosen in this study are 18 
or more years old and the liver enzyme level of 120 mg/dL  
or higher after administration of antibiotics. However, 
excluded are patients whose liver enzyme level of 40 mg/dL 
or higher prior to administration of antibiotics. The liver 
enzyme level of patients was measured using serum test 
for 14 days after the administration of antibiotics when the 
patients visited the outpatients’ clinic. However, it failed to 
track the elevated level being normalized. We investigated 
the underlying patients about underlying disease, sex, age, 
body mass index, name of diseases upon outpatient visit, 
outpatient department, antibiotics currently taking and the 
duration of their administration.

Definition

DILI is defined as the case when the liver enzyme level 
increased 3 times of the upper normal limit (40 mg/dL) 
after drugs were administered for patients with no other 
causes that may increase the level (alcohol, virus, ischemia, 
autoimmune hepatitis and etc.). Hepatitis B patients are 
referred to those diagnosed with HBsAg-positive or taking 
medicines for Hepatitis B. Hepatitis C patients are referred 
to those diagnosed with HCV RNA-positive or taking 
medicines for Hepatitis C. NAFLD patients are defined 
as those with hepatic steatosis observed in the liver image 
or histology without secondary causes such as alcohol 
consumption (less than 210 g/week for male patients and 
140 g/week for female patients) and medication.

Table 1 Baseline characteristics of patients with elevated liver enzyme 

Total Antibiotics associated DILI Others P

Age (year) 52±33 53.19±18.27 51.94±16.86 0.323

Female (%) 78 (47.0%) 56 (55.4%) 27 (38.0%)

Height (cm) 164±20 162.31±9.03 165.72±8.80 0.009

Body weight (kg) 68±40 63.75±14.94 65.68±14.17 0.205

Hepatitis B 8 (4.8%) 1 (0.9%) 9 (12.6%) 0.669

Hepatitis C 6 (3.6%) 0 (0%) 5 (7.0%) 0.689

Liver cirrhosis 6 (3.6%) 0 (0%) 2 (2.8%) 0.702

Non-alcoholic fatty liver 22 (13.3%) 8 (7.9%) 23 (32.3%) 0.582

Hypertension 25 (15.1%) 29 (28.4%) 16 (22.5%) 0.524

Diabetes mellitus 13 (7.8%) 7 (6.9%) 6 (8.45%) 0.656

Cancer 15 (9.0%) 10 (10%) 9 (12.5%) 0.632

Department

Internal medicine 60 (36.1%) 25 (24.7%) 21 (29.5%) 0.481

Orthopedic surgery 44 (26.5%) 29 (43.6%) 14 (19.7%) 0.180

Otolaryngology 12 (7.2%) 8 (7.9%) 6 (8.45%) 0.900

Neurosurgery 12 (7.2%) 12 (11.8%) 4 (5.63%) 0.165

Plastic surgery 10 (6.0%) 10 (5.9%) 5 (4.22%) 0.513

Obstetrics and Gynecology 6 (3.6%) 3 (2.9%) 3 (4.22%) 0.659

General surgery 4 (2.4%) 2 (1.9%) 4 (5.63%) 0.199

Total bilirubin 0.74±1.25 0.88±1.60 0.61±1.26 0.099

AST (U/L) 43.40±59.47 33.63±27.95 64.14±93.53 0.024

ALT (U/L) 37.44±51.13 28.50±27.95 56.39±93.53 0.013

AST, aspartate aminotransferase; ALT, alanine aminotransferase. 
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Follow up and monitoring

Potential causes of the elevated liver enzyme level such 
as the viral hepatitis or the autoimmune hepatitis were 
checked among all patients. When they were ruled out, 
drug-induced causes, such as medication, herbs and 
traditional remedies were evaluated. The medical history, 
family history, alcohol history, x-ray, ECG, complete 
blood count, electrolyte, liver function test, viral marker 
and department of interdisciplinary treatment for all 
patients were examined. The abdominal ultrasonography 
was performed, if needed. The causes of liver injury were 
evaluated through the classification of drugs, alcohol, virus 
and underlying diseases. The drugs were sub-divided into 
antibiotics, anti-viral drugs, DMARDs, NSAIDs/AAP, 
Statin, herbs, dietary supplement and others for evaluation. 
In the case of antibiotics associated DILI, this study looked 
into the department that prescribed antibiotics and reasons 
for such prescription were.

Statistical analysis

The data processing was carried using Microsoft Office 
Excel 2010 (Microsoft, Redmond, WA) and IBM SPSS 
Statistics. Data were expressed in median values and Fisher 

exact testing was used to compare groups with dichotomous 
variables. For continuous variables, ANOVA was applied. 
All P values are reported as 2-tailed and the level of 
significance was defined as 0.05.

Results

Baseline characteristics and type of DILI of inpatients 
(training set)

This study analyzed 166 patients in total requested for 
treatment at the gastroenterology department owing to 
the elevated liver enzyme level as their chief complaint 
during hospitalization were analyzed. The mean age of 
patients was 52. Among them, 78 patients were female 
(47.0%) The detailed description of the invested patients 
is shown in Table 1. The most common causative agents 
were antibiotics (64.0%) followed by disease-modifying 
antirheumatic drugs (11.0%), health supplement food 
(5.0%), herbal medicine (4.0%), antiviral agents, non-
steroid anti-inflammatory analgesic drugs, acetaminophen 
and cholesterol lowering agent (3.0%) as shown in Figure 1.  
The department of internal medicine is the majority 
of consultation (60 patients, 36.1%), followed by the 
department of orthopedics, otolaryngology, neurosurgery 
and plastic surgery. 113 patients (68.1%) out of 166 patients 
showed the elevated liver enzyme level caused by drugs, 
which is the highest incidence. 

Antibiotics associated with DILI in inpatients (training set)

The maximum levels of AST and ALT are 181.5U/L and 
201.0 U/L respectively. After medication stop, all DILI 
patients naturally recovered and there were no cases of 
liver transplantation or death. Table 2 shows the instances 
and degrees of liver enzyme elevation. Antibiotics that 
elevated the level of liver enzyme are in the order of 
flomoxef, cetrazole, ceftriaxone, vancomycin, piperacillin/
tazobactam and amoxicillin/clavulanate. Flomoxef was most 
common antibiotics that caused DILI. Eight patients out 
of 24 patients in the flomoxef group showed that the liver 
enzymes were elevated more than three times and the liver 
enzyme increased 5 times or more of the upper normal 
limit in 3 out of 24 patients (12.5%). The detailed degree 
increases in liver enzymes by antibiotics are shown in Table 3. 
After the administration stop of medicine, all patients were 
naturally recovered and it took 25 days in average to the 
level to be normalized. 

Figure 1 Drugs that cause drug induced liver injury. The 
causes of drug-induced liver injury were antibiotics, DMARDs, 
dietary supplement, traditional herb, statin, NSAIDs/AAP and 
antiviral agent. DMARDs, disease-modifying antirheumatic 
drugs; NSADIs/AAP, nonsteroidal anti-inflammatory drugs/
acetaminophen.
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Antibiotics associated with DILI in outpatients 

The antibiotics prescribed for outpatients in the same period 
were checked and the elevated level for each drug was 
reviewed. Flomoxef was one of the most common antibiotics 
prescribed for outpatients in the same period, followed by 
ceftriaxone, ciprofloxacin, sulfamethoxazole/ trimethoprim, 
isoniazid and amoxicillin/clavulanate. Table 4 shows the 
frequencies of antibiotics prescription for outpatients 
over a specified period. The prevalence of abnormal liver 
enzyme was the highest in the flomoxef group. 32% of the 
patients prescribed with flomoxef showed elevated level of 
liver enzyme that exceeded the upper normal limit. 13% of 
flomoxef group elevated liver enzyme more than 3 times 

and the prevalence of flomoxef associated with DILI was 3% 
(>5 times or more of the upper normal limit). Next, 14% 
of the patients prescribed with ciprofloxacin had the level 
increased 3 times or more of the upper normal limit and 4% 
had the level increased 5 times or more of the upper normal 
limit. Figure 2 shows the frequencies and degrees of liver 
enzyme elevation by antibiotics for flomoxef, ciprofloxacin, 
isoniazid, ceftriaxone, sulfamethoxazole/ trimethoprim and 
amoxicillin/clavulanate. 

Risk factor of antibiotics associated with DILI in 
outpatients 

The ratio of male patients was slightly higher (male 56% 

Table 2 The incidences and degrees of liver elevation and the degree of liver elevation

n (%) (n=166)
Total bilirubin (mg/dL) AST (IU/L) ALT (IU/L)

Baseline Max Baseline Max Baseline Max

Toxic 113 (68.1%) 0.6±0.79 1.07 33.4±27.7 181.58 29.9±35.6 201.02

Antibiotics 73 (44.0%) 0.7±0.22 1.23 29.35±11.8 138.93 29.0±34.1 131.31

Antiviral agents 3 (1.8%) 1.27±0.79 0.78 24±6 31.67 16±0 45.33

DMARDs 12 (7.2%) 0.40±0.09 0.99 31.2±18.1 273.5 24.2±11.2 496.2

NSAIDs/AAP 3 (1.8%) 0.55±0.26 0.36 26.5±0.5 123.67 29.0±34 104.33

Statin 3 (1.8%) 0.33±0.15 0.49 17±1 136 14±1 224

Traditional herb 5 (3.0%) 0.57±0.11 0.67 44±19.1 134.4 33.3±18.9 197.6

Dietary supplement 6 (3.6%) 0.47±0.01 0.49 24±2 201.5 25.5±12.5 379

Others 8 (4.8%) 0.54±0.16 0.94 32.8±13.2 609 31±11.4 439.83

Alcohol 9 (5.4%) 0.44±0.1 0.76 56.78.1 230.86 61±30.3 111.14

Underlying disease 40 (24.1%) 1.29±3.66 1.52 86.3±148.4 305.74 72.9±94.7 196.5

Hepatitis B 1 (0.6%) 1.03±0 1.85 51±0 59 51±0 82

Hepatitis C 1 (0.6%) 0.48±0 0.60 28±0 22 35±0 22

Liver cirrhosis 2 (1.2%) 0.48±0 1.12 47.5±24.7 58.5 47.4±3.84 29.5

NAFLD 12 (7.2%) 0.48±0.02 0.73 40.2±25.6 78.8 52.83±48.2 115.8

Biliary 2 (1.2%) 1.25±0.68 1.73 137.5±115 500 73.5±54.5 485.5

Trauma 8 (4.8%) 0.44±0.17 0.60 30.3±5.69 110.33 30.3±9.07 65.5

Cancer 5 (3.0%) 7.25±11.25 3.76 280.67±262 302 33±160.7 296.25

Ischemic 5 (3.0%) 2.56±6.32 2.32 52.3±56.7 834.4 21±17.62 344.2

Cardiogenic 4 (2.4%) 0.84±0.6 0.77 40.3±24.9 602 21±17.8 277

Idiopathic 4 (2.4%) 0.58±0.15 0.76 31.75±7.1 297.67 24.8±11.2 335.33

DMARDs, disease-modifying antirheumatic drugs; NSAIDs, nonsteroidal anti-inflammatory drugs; AAP, acetaminophen; NAFLD, non-
alcoholic fatty liver disease.
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Table 3 The degrees of increase in liver enzymes by antibiotics

Flomoxef Cetrazole Ceftriaxone Vancomycin PIP/TAZ AM/CL

n 24 9 6 5 5 4

Age 50.7±17.67 63.2±19.67 53.3±20.86 50.4±20.24 71.2±9.26 46.8±21.44

Female 11 (45.8%) 5 (55.6%) 2 (33.3%) 2 (40%) 2 (40%) 0 (0%)

Weight 64.64±17.42 65.36±15.22 69.67±9.64 66.50±12.36 67.8±7.91 71.5±13.67

Underling

HTN 3 (12.5%) 5 (55.5%) 1 (16.67%) 1 (20%) 3 (60%) 1 (25%) 

DM 1 (4.1%) 3 (33.3%) 0 (0%) 1 (20%) 1 (20%) 0 (0%)

LC 0 (0%) 1 (20%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

NAFLD 1 (4.1%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

T. bilirubin (mg/dl)

Baseline 0.9±1.54 0.5±0.16 0.4±0.12 0.4±0.12 0.6±0.22 0.7±0.19

Max 1.7 0.8 0.5 0.5 1.1 0.5

AST (U/L)

Baseline 30.3±10.20 28.8±17.30 33.3±2.92 73.0±8.91 28.0±11.82 33.0±8

Max 118.9 204.7 166.7 144.4 236.0 152.5

ALT (U/L)

Baseline 24.3±17.89 28.7±17.30 26.5±8.21 159.2±214.65 13.0±7.07 62.5±51.5

Max 104.5 124.3 209.7 111.0 189.4 220.0

LFT abnormal

>1 time 22 (91.6%) 9 (100%) 6 (100%) 3 (60%) 4 (80%) 1 (25%)

>3 times 8 (33.3%) 4 (44.4%) 4 (66.7%) 1 (20%) 3 (60%) 1 (25%)

>5 times 3 (12.5%) 2 (22.2%) 3 (50%) 1 (20%) 2 (40%) 1 (25%)

PIP/TAZ, piperacillin-tazobactam; AM/CL, amoxicillin-clavulanate; HTN, hypertension; DM, diabetes mellitus; LC, liver cirrhosis; NAFLD, 
non-alcoholic fatty liver disease; T. bil, total bilirubin; AST, aspartate aminotransferase; ALT, alanine aminotransferase.

Table 4 Frequencies of antibiotics prescription for outpatients over a specified period

N Abnormal 3 times UNL 5 times UNL

Flomoxef 3,080 986 (32.0) 319 (10.4) 77 (2.5)

Ceftriaxone 1,503 420 (27.9) 90 (6.0) 19 (1.3)

Ciprofloxacin 954 249 (26.1) 101 (16.0) 41 (4.3)

Sulfamethoxazole/Trimethoprim 639 162 (25.4) 12 (1.9) 16 (2.5)

Isoniazid 368 88 (23.9) 8 (2.2) 7 (1.9)

Amoxicillin/Clavulanate 307 53 (17.3) 6 (2.0) 2 (1.7)

UNL, upper normal limit.
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and female 44%) than female patients. The average age 
was 50.5±17.2 in flomoxef associated with DILI group. 
Antibiotics were mostly prescribed for preventing infection 
after operation among outpatients, which accounted for 
the largest proportion (37%), followed by urinary tract 
infection (25%), upper respiratory infection (19%), ostitis 
media (12%) and cellulitis (7%). Figure 3 shows the 
purposes of prescribed patients. In addition, hypertension 
accounted for 14% of the underlying diseases found in 
outpatients with elevated liver enzyme level associated with 
the prescribed flomoxef, followed by diabetes (13%), cancer 
(7%) and hyperlipidemia (4%). 

Discussion

Antibiotics associated with DILI are relatively common and 
approximately 2–14% of outpatients may diagnose it. Our 
study showed that the incidence of antibiotics associated 

Figure 2 Frequency and degree of liver enzyme elevation by antibiotics: (A) Flomoxef, (B) Ciprofloxacin, (C) Isoniazid, (D) Ceftriaxone, (E) 
Sulfamethoxazole/Trimethoprim, and (F) Amoxicillin/Clavulanate. 
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Figure 3 Purposes of prescribing patients who have been 
prescribed flomoxef in an outpatient setting. The main reasons 
for using were post-operation, urinary tract infection, upper 
respiratory infection.
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with DILI was 1–4%. The prevalence of flomoxef and 
ciprofloxacin were slightly higher than other antibiotics, but 
the clinical significance is uncertain.

Although there have been numerous studies on 
liver injuries associated with prescription drugs such 
as antibiotics and anti-inflammatory analgesic drugs, 
prevalence of DILI was quite diverse according to regions, 
ethnics and clinical setting (4,5,17-21). Moreover, study 
for antibiotics associated with DILI is quite limited. 
Most antibiotics associated with DILI cases were based 
on patients who need to be newly hospitalized and there 
are a very few studies about the incidence of DILI upon 
hospitalization or outpatient treatment. According to 
several studies on DILI while patients were hospitalized, 
an antibiotic was the greatest cause of increasing the liver 
enzyme level just like this study result, and the incidence of 
DILI was the highest when administered with Amoxicillin-
Clavulanate (3,11). However, the number of subjects in the 
study was very small and the patients were medicated for 
a long time (more than 20 days in average). Thus, it has 
a limitation in that DILI was reported in patients whose 
liver injuries have already been in progress. Bjornsson et al.,  
showed amoxicillin/clavulanate was reported to be the most 
common causative agent of drug-induced liver injuries. 
21 out of 35,252 prescription cases, which is equivalent to 
1/2,350, resulted in DILI (12). Spanish DILI registry data 
also suggested amoxicillin-clavulanate is the most common 
drug related to DILI (21). Also, US DILI network’s data 
suggested amoxicillin/clavulanate was the most common 
cause of idiosyncratic DILI in the DILIN registry (22) 
and azithromycin was the implicated agent in a higher 
proportion of patients with pre-existing liver disease (23).  
However,  Lat in American DILI registry  showed 
trovofloxacin and clarithromycin was the most common 
causative agent (24). One Germany cross-sectional study 
showed the highest adjusted risk estimates for antibiotics 
associated DILI were calculated for clarithromycin (25). 
However, amoxicillin/clavulanate is one of the most 
frequently used antibiotics over the world, so it seemed to 
be needed to adjust total prescribed amount. To compensate 
this, our study analyzed the prevalence of several key 
antibiotics associated DILI using outpatients’ cohort 
(validation set) during same period (one year). The study 
herein investigated the incidence of antibiotic-associated 
DILI based on the prescription ratio of antibiotics applied 
to 66,571 outpatients. The advantages of this study were 
that it was possible to diagnose DILI patients without 
symptoms and identify its causes through blood tests that 

were regularly conducted for inpatients and outpatients 
after administration of antibiotics.

Flomoxef was the most common causative drug in 
hospitalized patients (training set) and its prevalence was 
still high (abnormal liver enzyme: 13%, and DILI: 3% 
respectively) in outpatient setting (validation set) after 
adjusting total prescribed patients. This is higher than the 
incidence reported in the clinical study for registration. 
According to flomoxef registration data, it is known that 
flomoxef induces increase of liver enzyme level (0.1–10%) (26).  
However, previously published paper in 531 patients 
administered with flomoxef after receiving orthopedic 
operation showed prevalence of 3 times or more elevated 
liver enzyme level after flomoxef administration was 
observed in 14.3% (27). This is similar to the result of our 
study. Our study herein reported that the liver enzyme level 
increased 3 times or more in about 13%. The risk factor 
of flomoxef associated with DILI is unclear, but there were 
more male patients in the study and patients with a higher 
baseline level showed far more increased liver enzyme 
level when flomoxef was started (27). The other reason 
of high prevalence of injury may be caused by the actual 
clinical sites where patients are much older and accompany 
other diseases. It was reported that artery and venous 
dilatators among drugs for hypertension may increase the 
liver enzyme level, and there are case reports suggesting 
liver injuries induced by calcium channel blockers 
(CCBs), angiotensin-converting enzyme (ACE) inhibitors, 
angiotensin receptor blockers (ARBs) and beta-blockers (8). 
In addition, age, genetic factors, alcohol consumption and 
underlying diseases were known to induce liver injuries (28). 
The study herein was conducted with patients receiving 
treatment from the tertiary hospital and it is believed that 
the incidence of DILI when associated with flomoxef 
and ciprofloxacin was higher than that specified in the 
pharmacopoeia because there were many elderly patients 
with underlying diseases prescribed with such drugs. In 
most cases of increased liver value due to flomoxef, it 
was used before and after surgery. During surgery, it was 
often used in combination with an antibiotic as well as 
an analgesic, so the increase in liver level may have been 
higher. Also, the liver value may have risen due to damage 
to muscles or bones. It was confirmed that even 13%, whose 
liver levels increased more than 3 times, recovered without 
special management after stopping the drug. If the level 
rises through serologic follow-up observation, it should be 
stopped. If the patients have underlying liver disease, be 
careful when using it, and use it while performing repeated 
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blood tests.
There are some limitations to this study. First of all, 

there may be bias on causes of the elevated liver enzyme 
level based on the prescription ratio within the hospital 
because the study was conducted in a single center. 
Unlike other studies, DMARDs account for a higher 
proportion to the increased level of liver inflammation. 
This may be resulting from the fact that there were many 
patients suffering from autoimmune diseases. However, 
when analyzing the most common causative agents, that 
is antibiotics, such bias may be minimized by checking 
the liver enzyme level of both inpatients and outpatients 
prescribed with the same drugs for a year. Second, 
study subjects included only the patients who got a 
consultation for elevating liver enzyme in the department 
of hepatology. Thus, it is limited when it comes to the 
study on all patients reported with the elevated level. Yet, 
the study limit may be reduced to a certain extent as in 
most cases, it is likely that most patients were enrolled 
in the system for interdisciplinary treatment, and the 
elevated liver enzyme level was examined based on the 
number of prescriptions associated with antibiotics. Third, 
since this study was conducted in people with elevated 
levels of hepatitis, it was difficult to evaluate in detail the 
frequency and clinical features of kidney injury, which 
plays an important role in drug metabolism. Although 
limited, the subjects of this study were checked for kidney 
injury and the frequency was confirmed to be 10.2%. The 
drugs that affected were in the order of non-steroidal 
anti-inflammatory drugs, cefamezine, and piperacillin/
tazobactam and all patients improved without any special 
treatment after drug discontinuation. The results were 
similar to those of previous studies with a frequency of 
10–20% (29), but there are limitations to the results of 
analyzing only patients with elevated hepatitis levels.

In conclusion, the Prevalence of antibiotics associated 
with DILI was 2–14%. Co-morbidity with diabetes and 
hypertension was the risk factor of flomoxef associated with 
DILI.
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