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Abstract
Introduction  Angiotensin receptor blockers are widely used antihypertensive drugs in South Korea. In 2021, the Korea 
Ministry of Food and Drug Safety acknowledged the need for national compensation for a drug-induced liver injury (DILI) 
after azilsartan use. However, little is known regarding the association between angiotensin receptor blockers and DILI.
Objective  We conducted a retrospective cohort study in incident users of angiotensin receptor blockers from a common 
data model database (1 January, 2017–31 December, 2021) to compare the risk of DILI among specific angiotensin receptor 
blockers against valsartan.
Methods  Patients were assigned to treatment groups at cohort entry based on prescribed angiotensin receptor blockers. Drug-
induced liver injury was operationally defined using the International DILI Expert Working Group criteria. Cox regression 
analyses were conducted to derive hazard ratios and the inverse probability of treatment weighting method was applied. All 
analyses were performed using R.
Results  In total, 229,881 angiotensin receptor blocker users from 20 university hospitals were included. Crude DILI incidence 
ranged from 15.6 to 82.8 per 1000 person-years in treatment groups, most were cholestatic and of mild severity. Overall, the 
risk of DILI was significantly lower in olmesartan users than in valsartan users (hazard ratio: 0.73 [95% confidence interval 
0.55–0.96]). In monotherapy patients, the risk was significantly higher in azilsartan users than in valsartan users (hazard 
ratio: 6.55 [95% confidence interval 5.28–8.12]).
Conclusions  We found a significantly higher risk of suspected DILI in patients receiving azilsartan monotherapy compared 
with valsartan monotherapy. Our findings emphasize the utility of real-world evidence in advancing our understanding of 
adverse drug reactions in clinical practice.

Key Points 

Angiotensin receptor blockers such as azilsartan can 
cause drug-induced liver injury.

The cholestatic type of liver injury was most the com-
mon, and the majority of the cases were of mild severity.

The risk of drug-induced liver injury was lower in olm-
esartan users than in valsartan users.

1  Introduction

Angiotensin receptor blockers (ARBs) are first-line treatments 
for hypertension, and they are one of the most used antihyper-
tensive drugs in South Korea [1–3]. They lower blood pressure 
by antagonizing the effect of angiotensin II on AT1 recep-
tors, effectively blocking the downstream renin-angiotensin-
aldosterone system [4, 5]. Common adverse drug reactions 
associated with ARBs include hyperkalemia, hypotension, and 
renal dysfunction [5].

In 2020, a request for national compensation for a azilsar-
tan-induced liver injury case was submitted to the Korea Insti-
tute of Drug Safety and Risk Management (KIDS). The case 
was investigated according to the national regulations on the 
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adverse drug reaction relief system [6], and the need for com-
pensation was acknowledged in 2021. Azilsartan is the newest 
among ARBs, approved by the US Food and Drug Administra-
tion on 25 February, 2011, and by the Korea Ministry of Food 
and Drug Safety on 26 May, 2017 [7, 8]. Moreover, this drug 
has been approved by the European Medicines Agency [9], 
and Japanese Pharmaceuticals and Medical Devices Agency 
[10] and is used worldwide. As of 2022, azilsartan is the only 
drug in its class in South Korea with no warning against pos-
sible liver dysfunction on its product label [8]. The situation 
is similar in other countries, including the USA and several 
European countries [9, 11].

Drug-induced liver injuries (DILI) are rare, with an inci-
dence of 2.4–13.9 per 100,000 globally [12]. It is a major con-
cern in the pharmaceutical industry as it is the most frequent 
cause of post-market safety-related drug withdrawals yet rarely 
detected in randomized controlled trials [12, 13]. Some forms 
of DILI can be life threatening, which are often unpredictable 
and independent of the dose, route, or duration of exposure 
[12, 13]. Drug-induced liver injury mimics a wide spectrum 
of liver diseases, and their biological mechanisms are poorly 
understood [12, 13].

Little is known about ARB-induced liver injuries, and only 
a handful of individual case reports are available [14–16]. 
Motivated by the authority’s decision to compensate for the 
azilsartan-induced liver injury, we aimed to compare the risk 
of DILI among specific ARBs against valsartan by analyzing 
an electronic healthcare record-based common data model 
(CDM) database. The findings of this study can provide meth-
odological insights into comparing the risk of DILI using big 
data and provide real-world evidence for enhancing patient 
safety.

2 � Methods

2.1 � Data Source

This study utilized the medical record observation and 
assessment of drug safety (MOA) CDM, a standardized 
and distributed data network that allows for a multicenter 
data analysis using de-identified electronic healthcare 
record data collected from university hospitals (MOA 
CDM data partners) in South Korea [17]. The MOA CDM 
is coordinated by KIDS, a national organization affiliated 
with the Korea Ministry of Food and Drug Safety, and 
contains medical records of over 37 million patients from 
30 data partners as of 2023 [17]. Patients are registered 
in the database on the day of their first visit to a hospital. 
For this study, we specifically collaborated with 20 data 
partners of which 10 are in the capital city (Seoul) and 7 
in the nearby province (Gyeonggi-do).

2.2 � Study Design and Population

We performed a retrospective cohort study with incident 
ARB users who were at least 18 years of age and had 
initiated ARB treatment between 1 January, 2018 and 30 
June, 2021. The first prescription date of the ARB was 
defined as the index date. Patients were censored when 
they experienced the study outcome, switched to another 
ARB, or at 6 months from the treatment initiation, as the 
azilsartan-induced liver injury case submitted to KIDS 
occurred approximately 6 months after the first use of the 
drug [18].

We excluded patients who were younger than 18 years 
of age or were prescribed multiple ARBs at the index 
date. Additionally, patients were excluded if they were 
prescribed any ARBs 3 months before the index date, 
had a suspected DILI (study outcome) or clinically sig-
nificant conditions that may interfere with the interpreta-
tion of the study results 1 year before the index date, or 
had a serious hepatobiliary condition or were pregnant, 
which is a contraindication for ARB use 1 year before the 
index date or during the study period (study figure avail-
able in the Electronic Supplementary Material [ESM]). 
The decision to exclude pregnant patients was based on 
the significant contraindication of ARBs during preg-
nancy, as discontinuation of ARBs is a common practice 
when planning pregnancy. The exclusion was applied to 
mitigate a potential serious mis-estimation of follow-up 
time in these cases. To further validate this approach, 
we examined the number of pregnant patients during the 
entire data period, which was 0.028% among ARB users 
and would not have a significant impact on the overall 
study results.

2.3 � Exposure Variable (ARBs)

Patients were assigned to treatment groups according to 
the ARB prescribed at the index date. Nine ARBs were 
marketed in South Korea during the study period: azilsar-
tan, eprosartan, telmisartan, fimasartan, valsartan, olm-
esartan, losartan, irbesartan, and candesartan.

2.4 � Outcome Variable (Suspected DILI)

We operationally defined DILI by adapting the clinical 
chemistry criteria provided by the International DILI 
Expert Working Group: alanine aminotransferase (ALT) 
≥ 5× upper limit of normal (ULN), alkaline phosphatase 
(ALP) ≥ 2× ULN, or ALT ≥3× ULN and total bilirubin 
(TBL) > 2× ULN. After investigating the ULN standards 
of the data partners, the following values were selected: 
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ALT, 40 U/L; ALP, 117 U/L; and TBL 1.2 mg/dL. Aspar-
tate aminotransferase levels were not assessed as they may 
not specifically indicate liver injury [19].

The type of DILI was classified using the R ratio 
([ALT/ALT ULN]/[ALP/ALP ULN]) as follows: hepa-
tocellular (R ratio ≥ 5), mixed (R ratio 2–5), or choles-
tatic (R ratio ≤ 2) [19]. The severity of DILI was clas-
sified as follows: mild (ALT ≥ 5× ULN or ALP ≥2× 
ULN and TBL < 2× ULN), moderate-severe: (ALT ≥ 5× 
ULN or ALP ≥2× ULN and TBL ≥ 2× ULN), and fatal: 
any all-cause death within 1 year after the incident DILI 
[19]. The operational definitions for DILI were further 
reviewed by clinical experts and researchers with exper-
tise in liver injury. As any patient identification informa-
tion is pseudonymized in the CDM database, medical 
charts reviews were not feasible. Therefore, we inform 
that the cases detected in our study are all suspected 
cases for which no additional validation was conducted.

2.5 � Alternative Causes of Liver Injury

As the diagnosis of DILI mostly depends on the exclu-
sion of alternative causes of liver injury, we listed clini-
cal conditions that could be potential alternative causes 
of liver injury based on the previous literature [13]. 
With a review by clinical experts, the conditions were 
categorized as follows: to be excluded at baseline and 
adjusted for during the follow-up (clinically significant 
conditions), to be completely excluded at baseline and 
the follow-up (serious hepatobiliary conditions), and oth-
ers to be adjusted for at baseline and the follow-up. In 
addition, we adjusted for hepatotoxic drugs by class at 
baseline and the follow-up, which were defined as drugs 
with a LiverTox DILI-likelihood score of A (well known) 
or B (known or highly likely) [ESM].

2.6 � Covariates

Patient demographics (sex, age, and enrollment year), 
encounter records (hospitalizations, days outpatient visits, 
and emergency room visits), Charlson Comorbidity Index, 
comorbidities, and prescription histories were included as 
baseline covariates. Additionally, predetermined potential 
alternative causes of liver injury and anti-hypertensive drugs 
class prescribed during the follow-up were also included as 
covariates.

2.7 � Statistical Analysis

Descriptive analyses were conducted to summarize the 
patient characteristics, treatment patterns, and characteris-
tics of DILI. The number of patients by status over time was 

collected from each data partner to calculate pooled inci-
dence rates. Cox proportional hazards models were used to 
derive hazard ratios (HRs) of DILI and to compare the risk 
among specific ARBs against valsartan. Subgroup analyses 
were conducted by treatment patterns and data partners to 
compare study populations. Valsartan was selected as the 
reference drug as it is the most used ARB in Korea [21]. 
To minimize selection bias, we applied propensity score-
based inverse probability of treatment weighting (IPTW) 
and derived the average treatment effect [22, 23]. Addition-
ally, covariates collected during the follow-up were included 
in the regression model to reduce confounding. From each 
data partner, coefficients, standard errors, and confidence 
intervals (CIs) from Cox proportional hazards models were 
collected to conduct the meta-analysis. We evaluated the 
average treatment effect by a random-effect model in the 
meta-analysis to consider population variance of each data 
source.

All statistical analyses were performed using R [24] and 
the level of statistical significance was set at p < 0.05 (two-
sided). R packages ‘DatabaseConnector,’ ‘SqlRender,’ ‘plyr,’ 
‘dplyr,’ ‘DBI,’ ‘odbc,’ ‘lubridate,’ and ‘nnet’ for database 
connection and preprocessing, ‘WeightIt’ and ‘cobalt’ for 
IPTW, ‘survival’ and ‘survminer’ for the survival analysis, 
and ‘meta’ for meta-analyses were used [25–37].

3 � Results

3.1 � Characteristics of the Study Population

A total of 229,881 ARB users were included in this study. 
Of these, valsartan (21.9%) was most used, followed by tel-
misartan (17.9%), olmesartan (14.6%), and losartan (14.6%); 
azilsartan (1.1%) and eprosartan (0.4%) were least common 
(Fig. 1). The mean age of the study population was 64.8 
years, with a range from 61.3 years (azilsartan) to 68.7 years 
(eprosartan). There were slightly more men than women 
(53.2%). More than half of the patients had a history of 
hospitalization (59.2%) and fewer than five outpatient visits 
(53.7%), whereas the majority had no history of emergency 
room visits (89.4%). The mean Charlson Comorbidity Index 
of the total population was 1.5, which was within the range 
of mild severity [38]. Overall, diabetes without chronic 
complications (16.9%) was the most common comorbidity, 
followed by diabetes with chronic complications (15.7%), 
malignant tumors (14.4%), and cerebrovascular diseases 
(11.2%). In the treatment groups, there were significant dif-
ferences in the prevalence of comorbidities likely reflecting 
indications approved for each ARB (p < 0.001). Overall, the 
patients took a mean of 17 prescribed medications (Table 1).

After IPTW, standardized mean differences between 
treatment groups were well within the recommended ranges, 
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indicating that the baseline characteristics were well bal-
anced, except in the eprosartan group likely owing to the 
small sample size, which was less than 1% of the study pop-
ulation (Table 1). Across data partners, the median follow-up 
duration varied from 61.5 days to 96 days (details on the 
study population comparison by data partners available in 
the ESM).

3.2 � Anti‑Hypertensive Treatment Patterns During 
the Follow‑Up

In total, 37.1% had less than 1 defined daily dose (DDD), 
35.5% had 1–2 DDDs, and 27.4% had more than 2 DDDs of 
ARBs. Notably, the proportion of high-dose prescriptions 
(>2 DDDs/day) was significantly higher in the azilsartan 
and candesartan groups, and the proportion of long-term 
prescriptions (≥60 days) was the highest in the azilsartan 
group. The overall proportion of monotherapy was 27.5%, 
and the proportion was significantly higher in the irbesartan 
and azilsartan groups than other groups. In total, 41,270 
patients (18.0%) were lost to the follow-up owing to switch-
ing within the ARB class; the proportion was the highest 
in the eprosartan group (38.5%) [all p < 0.001] (Table 2).

3.3 � Safety of ARBs Versus Valsartan

Overall, the crude incidence of DILI was 48.4 (per 1000 
person-years) in ARB users. Most were cholestatic and of 

mild severity (Table 3). Notably, DILI frequency was the 
highest within the first 4 weeks except in the azilsartan 
group (ESM).

As a result of the IPTW Cox proportional hazards model 
analysis with additional covariate adjustment at the follow-
up, the risk was significantly lower in olmesartan users than 
in valsartan users (HR: 0.73 [95% CI 0.55–0.96]). No sig-
nificant differences were observed among the other treat-
ment groups (Table 4).

By anti-hypertensive treatment patterns, in patients 
receiving azilsartan monotherapy, the risk was significantly 
higher than that in those who received valsartan monother-
apy (HR: 6.55 [95% CI 5.28–8.12]). A significantly higher 
risk was also found in patients who received azilsartan and 
diuretics instead of valsartan and diuretics (HR: 1.63 [95% 
CI 1.27–2.09]). No significant dose-dependent trend was 
observed across the treatment groups (see Table 5).

4 � Discussion

In this large-scale observational study of 229,881 ARB users 
from 20 university hospitals, the most common type of liver 
injury was cholestatic. Importantly, we found the risk of 
DILI was significantly higher in patients receiving azilsartan 
monotherapy compared with valsartan monotherapy. Our 
findings add new value to current anti-hypertensive thera-
pies as post-market data on ARB-induced liver injury are 
scarce. Although ARBs are generally considered safe with 

Fig. 1   Flowchart identifying study cohort. ARB angiotensin receptor blocker
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a low risk of liver injury, our findings can help understand 
ARB-induced liver injury.

We found the comparative risk of DILI was significantly 
higher in patients receiving azilsartan monotherapy com-
pared with valsartan monotherapy, which may be associated 
with the higher proportion of long-term and high-dose pre-
scriptions found in this group. Azilsartan has been known to 
have greater antihypertensive effects than other ARB, owing 
to its unique binding behavior to the AT1 receptor with its 
5-oxo-1,2,4-oxadiazole moiety that induces stronger inverse 
agonism [39, 40]. The moiety also makes it more lipophilic 
than other ARBs and requires metabolism via cytochrome 
P450 2C9 [7, 41]. Despite its hepatic metabolism, no notable 
hepatic adverse events have been detected in randomized 
clinical trials and the safety profiles obtained were similar 
to those of other ARBs in this class [41, 42]. It is possible 
that the low incidence of DILI made their detection difficult 
in the trials.

We also found that the comparative risk of DILI was sig-
nificantly lower in olmesartan users than in valsartan users. 
Previously, olmesartan prevented hepatic steatosis and fibro-
sis in diabetic mice via inhibition of apoptosis signaling. 
In another pre-clinical study, the administration of olme-
sartan significantly improved liver function and decreased 
hepatic oxidative stress and inflammatory cytokines [43]. 
Because of the current lack of real-world evidence in 
patients, further interpretation of the findings is limited.

As a result of the assessment of characteristics of sus-
pected DILI by ARBs, most were cholestatic and of mild 
severity. Importantly, we found no differences in the type or 
severity of DILI by ARBs. Cholestatic liver injuries are more 
common in older adults and require longer days of recovery 
than other types. Our findings highlight close monitoring 
after ARB use may help prevent unnecessary progression 
to chronic liver disease [39]. As a result of the subgroup 
analysis based on the prescribed dose, no significant dose-
dependent trend was observed across the treatment groups, 
suggesting ARB-induced liver injuries are most likely idi-
osyncratic, unlike DILI secondary to drug overdose [19]. 
The pathophysiology of idiosyncratic DILI is yet poorly 
understood, unexpected given the drug’s pharmacological 
action, and is largely dependent on patient-specific factors 
that increase their susceptibility to a liver injury [12, 19]. We 
also assessed the temporal pattern of DILI occurrence and 
found that the highest number of DILI occurred within the 
first 4 weeks except in the azilsartan group, suggesting the 
pathophysiology of liver injury from azilsartan may differ 
from that of other ARBs.

This study has some limitations. First, the results of our 
observational study may have been affected by residual 
confounding factors and biases. For example, informa-
tion on over-the-counter drugs, traditional medicine, and 
alcohol use that was unavailable in the hospital database 

could have affected our study results. To minimize such 
risks, we applied IPTW, conducted balance diagnostics, 
and adjusted for patient characteristics during the follow-
up. Second, our study objective was to compare the risk 
of DILI among specific ARBs against valsartan, which 
served as the control ARB in our analyses; therefore, 
the results provided are only a relative comparison. We 
acknowledge the inclusion of negative controls could have 
enhanced the interpretability of the study results, and their 
inclusion can be considered in future investigations. Third, 
because no further adjudication was conducted for the 
detected DILI, our statistics were based on the number 
of suspected DILI. The specificity of the detected DILI 
could have been improved by further adjudication using 
medical chart reviews. Furthermore, given the rarity of 
the outcome, a formal phenotyping to reflect local setting 
would have added value. To overcome such limitations, we 
have applied stringent criteria to detect DILI provided by 
the international DILI Expert Working Group for which 
superior performance was previously demonstrated when 
compared with other algorithms like the Council for Inter-
national Organization of Medical Sciences and the Drug-
Induced Liver Injury Network [20]. In addition, because 
of the inability to share a patient identifier across data 
partners, the same patient visiting more than two hospitals 
may result in double counting. Finally, the results should 
be interpreted with caution owing to the limited sample 
size, especially for eprosartan and azilsartan users, and 
the fact that our study population included patients who 
visited tertiary hospitals, which could limit generaliz-
ability. Despite the limitations of this study, we have suc-
cessfully assessed the characteristics of suspected DILI in 
ARB users and derived the relative risks among ARBs in 
a real-world clinical setting in Korea.

5 � Conclusions

We found a significantly higher risk of suspected DILI 
in patients receiving azilsartan monotherapy compared 
with valsartan monotherapy. Our findings underscore the 
valuable role of real-world evidence in regulatory deci-
sion making.
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