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Abstract

Background and Aims: Although many angiotensin receptor blockers (ARBs) are

widely used, comparative data regarding their impact on clinical outcomes are

limited. We aimed to compare the clinical effectiveness of seven ARBs on long‐term

cardiovascular outcomes in Korean patients with hypertension.

Methods: Using the Korean National Health Insurance Service database, the data of

780,785 patients with hypertension without cardiovascular disease (CVD) who

initiated ARB treatment (candesartan, fimasartan, irbesartan, losartan, olmesartan,

telmisartan, or valsartan) in 2014 and underwent this treatment for more than

6 months, were analyzed. Cox‐regression analysis was performed using Losartan as a

comparator, as it was the most widely used drug, by adjusting age, sex, diabetes,

dyslipidemia, smoking, alcohol drinking, exercise, body mass index, systolic blood

pressure, albuminuria, estimated glomerular filtration rate, and concomitant

medications. The occurrence of mortality and the rate of major adverse

cardiovascular events (MACEs) of the six ARBs was compared with that of losartan.

Results: The median follow‐up duration was 5.94 (interquartile range, 5.87–5.97) years.

In the crude analysis of all‐cause mortality and MACEs, fimasartan exhibited the lowest

event rates. In the Cox‐regression analysis with adjustment, there was no significant

difference in all‐cause mortality among ARBs. The risk of MACEs with ARBs was similar to

that with losartan, although the risks with irbesartan (hazard ratio [HR], 1.079; 95%

confidence interval [CI], 1.033–1.127; p=0.007) and candesartan (HR: 1.066; 95%

CI, 1.028–1.106; p=0.015) were slightly higher.

Conclusion: In a Korean population of patients with hypertension without CVD, six

different ARBs showed similar efficacy to losartan in terms of long‐term mortality and

MACEs. Further well‐designed prospective studies are required to confirm our findings.
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1 | INTRODUCTION

Angiotensin receptor blockers (ARBs) have a protective effect on the

cardiovascular system and effectively lower blood pressure (BP).

Additionally, ARBs are well‐tolerated and are recommended as a first‐

line choice of antihypertensive medication.1–3 In particular, ARBs have

less common adverse effects, such as dry cough, which has a high

incidence in Asian populations treated with angiotensin‐converting

enzyme inhibitors (ACEIs).4 ARBs are currently the most prescribed

antihypertensive drugs in many countries, including South Korea.2,5

Currently, nine ARBs are available in the global market. While

most ARBs share a common molecular structure which translates into

the class effect, each ARB also has a different chemical structure

associated with additional benefits.6–9 For example, losartan,

candesartan, and valsartan exhibit strong cardiovascular protective

effects in patients with heart failure with reduced ejection

fraction.10–12 Valsartan is more beneficial in terms of long‐term

cardiovascular prognosis in patients with myocardial infarction.13

Owing to their renoprotective effects, losartan and irbesartan have

been suggested for the treatment of diabetic nephropathy.14,15

In clinical practice, the prevalence of simple hypertension without

complications is much higher than that of hypertension with

complications.16 Therefore, information on the use of ARBs for

uncomplicated hypertension is very important. However, there is no

evidence concerning which ARBs are the most suitable for patients

with hypertension who do not have compelling indications, such as

heart failure and myocardial infarction. As ARBs are widely prescribed

antihypertensive drugs, a guide for choosing them for patients without

cardiovascular disease (CVD) would be valuable to clinicians.

Recently developed ARBs, such as olmesartan and fimasartan,

have strong BP‐lowering effects and are widely used in clinical

practice. However, evidence of their effectiveness in improving

cardiovascular prognosis beyond antihypertensive effect is scarce.

Prognostic information associated with the use of these new ARBs

will greatly help clinicians treat hypertension.

We conducted a retrospective analysis to compare the effects of

different ARB types, including new‐generation ARBs, on long‐term

mortality and cardiovascular events in patients with hypertension.

2 | METHODS

2.1 | Study patients

The Korean government has operated the National Health Insurance

Service (NHIS) to provide medical insurance services to all Korean

residents since 1989.17 The NHIS has demographic, socioeconomic, and

disability registration data to make decisions regarding eligibility and

premium charging. Additionally, the NHIS has detailed data on healthcare

utilization (procedures, drugs, and other treatments) submitted by medical

providers for reimbursement. Using these data, the NHIS established the

National Health Information Database (NHID) in 2012 to support public

health policies and research.18 We used the NHID provided by the NHIS

(NHIS‐NHID). This study was conducted after obtaining approval from

the Institutional Review Board (IRB) of NHIS (research management

number: NHIS‐2020‐1‐110) and Seoul National University Boramae

Medical Center (IRB No. GFIRB 2019‐304). As this study was conducted

using the database provided by the NHIS, the IRB of Seoul National

University Boramae Medical Center waived the need to obtain informed

consent. This study was performed in accordance with the relevant

guidelines and regulations. Among the individuals included in the NHIS‐

NHID from January 1, 2014 to December 31, 2014, a total of 1,336,150

patients with the following inclusion criteria were identified: (1) diagnosis

of hypertension (ICD diagnostic code: I10), (2) no history of CVD

(ischemic heart disease, stroke, and heart failure), (3) health check‐up in

2014 and presence of major clinical and laboratory data,

(4) initiation of ARB administration as an antihypertensive medication in

2014, and (5) ARB administration for >6 months. Administration of other

classes of antihypertensive drugs was allowed. Among the nine ARBs

marketed worldwide, azilsartan, which was not yet introduced into Korea

in 2014, and eprosartan, which has a small number of prescriptions

(n=7300), were not included. Further exclusion criteria were as follows:

(1) the occurrence of mortality before the date of prescription (n=356)

and (2) missing demographic characteristics and examination results

(n=547,709). Finally, we analyzed the data of 780,785 patients.

2.2 | ARBs

The ARBs investigated were candesartan, fimasartan, irbesartan,

losartan, olmesartan, telmisartan, and valsartan, according to the

Anatomical Therapeutic Chemical codes maintained by World Health

Organization (Supporting Information: Table S1).

2.3 | Collection of clinical variables

Demographic, clinical, and laboratory data were collected from the health

check‐up database in 2014. Body mass index (BMI) was calculated by

dividing the weight (kg) by the square of height (m2). Systolic BP (SBP) and

diastolic BP were measured using an oscillometric device in the right

upper arm. The measurement was performed three times at the right

upper arm, and the average of lower two values were taken, the values

reflecting “during drug use.” Cardiovascular risk factors, including diabetes

mellitus, dyslipidemia, smoking, alcohol consumption, and household

income levels, were obtained using diagnostic codes and questionnaires.

2 of 9 | LEE ET AL.



After overnight fasting for approximately 12 h, the blood glucose, total

cholesterol, high‐density lipoprotein cholesterol, low‐density lipoprotein

cholesterol, triglyceride, and creatine levels were measured. Urinalysis

was performed and the presence and degree of proteinuria were

assessed. The Chronic Kidney Disease Epidemiology Collaboration

equation was used to calculate the estimated glomerular filtration rate

(eGFR). Considering impacts on cardiovascular outcomes, information on

medication of other antihypertensive agents (calcium channel blockers,

beta‐blockers, ACEIs, and diuretics), antithrombotic agents, and statins

was also obtained in cases where the medication was prescribed for more

than 6 months at the time of initial ARB prescription.

2.4 | Clinical outcomes

All‐cause mortality and major adverse cardiovascular events (MACEs)

were the main outcome variables in this study. All‐cause mortality

was determined from the date of death. MACEs were defined as

cardiac death, nonfatal myocardial infarction, stroke, hospitalization

for heart failure, and coronary revascularization. The Korean

Standard Classification of Diseases (KCD‐7‐based ICD‐10) was used

to define each MACE (Supporting Information: Table S2). The first

date when the above ICD‐10 codes were present in the claims data

was defined as the event date.

2.5 | Statistical analysis

The χ2 test for categorical variables and the Kruskal–Wallis test for

continuous variables were performed to evaluate the differences in the

distribution of demographic characteristics, incidence of MACEs,

and distribution of all‐cause mortality depending on the type of ARB.

Hazard ratios (HR) and 95% confidence intervals (CI) of all‐cause

mortality and MACEs were calculated by using a Cox proportional‐

hazard model adjusted for age, sex, diabetes (E10–E14), dyslipidemia

(E78), smoking, alcohol drinking, exercise, household income, BMI, SBP,

eGFR, and concomitant medications, including calcium antagonists,

beta‐blockers, ACEIs, diuretics, antithrombotic agents, and statins. The

proportional assumption of the Cox analysis was conducted for Cox

proportional‐hazard modeling. In univariate analysis, a log‐rank test was

conducted. Subsequently, multiple analyses were conducted using the

Cox proportional hazard model. All statistical analyses were performed

using SAS 9.4 software (SAS Institute). All two‐sided p < 0.05 were

considered statistically significant.

3 | RESULTS

Table 1 shows the distribution of demographic and clinical

characteristics according to ARB type of study patients. A total of

58,892 (7.5%), 21,041 (2.7%), 37,170 (4.8%), 298,461 (38.2%),

100,348 (12.9%), 125,730 (16.1%), and 139,143 (17.8%) patients

were taking candesartan, fimasartan, irbesartan, losartan, olmesartan,

telmisartan, and valsartan, respectively. The study included 442,694

(56.7%) men and 338,091 (43.3%) women (average age, 59.62 years).

The average age was the highest in the losartan group (60.75 years)

and the lowest in the fimasartan group (57.66 years). The proportion

of women was the highest in the losartan group (46.2%) and the

lowest in the telmisartan group (39.4%). The average SBP of all study

patients was 129.11mmHg. The average SBP was the highest in the

valsartan group (130.17 mmHg) and the lowest in the fimasartan

group (127.37mmHg). The prevalence of diabetes mellitus in all

patients was 24.4%. The irbesartan group had the highest prevalence

of diabetes mellitus (31.0%) while the fimasartan group had the

lowest (21.1%). The prevalence of dyslipidemia in all patients was

38.2%, with the candesartan group exhibiting the highest prevalence

(45.4%) and the losartan group exhibiting the lowest (35.4%). The

proportion of smokers and drinkers was the highest in the telmisartan

group and the lowest in the irbesartan group. The proportion of

patients taking calcium antagonists, beta‐blockers, ACEIs, diuretics,

antithrombotic agents, and statins was 22.5%, 8.8%, 0.5%, 6.1%,

26.2%, and 30.6%, respectively.

The incidence of all‐cause mortality and MACEs is presented in

Table 2. During the median follow‐up period of 5.94 (interquartile

range, 5.87–5.97) years, the all‐cause mortality and MACE rates of

the study patients were 2.9% and 5.4%, respectively. The all‐cause

mortality rate was the highest in the losartan group (3.2%) and the

lowest in the fimasartan group (2.3%). The incidence of MACEs was

the highest in the irbesartan group (6.17%) and the lowest in

the fimasartan group (4.6%). A similar trend was observed with the

individual MACEs; the incidence rate was the highest in the

irbesartan group (6.2%) and the lowest in the fimasartan group.

The risks for all‐cause mortality and MACEs according to

different ARBs, compared with those of losartan, are presented in

Table 3. In the crude model, the HRs were lower with values of 0.901,

0.701, 0.905, 0.813, 0.771, and 0.838 in the candesartan, fimasartan,

irbesartan, olmesartan, telmisartan, and valsartan groups, respec-

tively. For MACEs, the candesartan and irbesartan groups showed a

higher risk with HR of 1.039 and 1.098, while fimasartan, olmesartan,

telmisartan, and valsartan showed a lower risk than that of the

losartan group in the crude model with values of 0.810, 0.901, 0.864,

and 0.932, respectively. In the adjusted model, all‐cause mortality

risks were similar among all ARBs. Although not substantial, the HRs

of MACEs were 1.066 (95% CI, 1.028–1.106; p = 0.015) and 1.079

(95% CI, 1.033–1.127; p = 0.007) in the candesartan and irbesartan

groups, respectively, compared with HR of the losartan group. There

was no significant difference in the risk of MACEs among other ARBs.

The results of the analysis of individual MACE are presented in

Supporting Information: Table S3.

Subgroup analyses were conducted according to age, sex, and

diabetes status (Supporting Information: Table S4). The age sub-

groups included patients aged ≥ 70 years and those aged < 70 years.

Several ARBs had different HRs for all‐cause mortality and MACEs in

the crude model, but there was no substantial difference in the

adjusted model, which was similar to the results of the overall study

population. We conducted stratified analysis with only ARB, ARB
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with one class of antihypertensive drug, and ARB with two or more

classes of antihypertensive drugs (Supporting Information: Table S5).

In the analysis including only the ARB group for MACEs, the HR of

the candesartan group was 1.256 (95% CI, 1.035–1.524; p = 0.109)

and that of the irbesartan group was 1.238 (95% CI, 0.978–1.569;

p = 0.241). There was no substantial difference in all‐cause mortality

and MACEs in other groups.

4 | DISCUSSION

In this analysis of the real‐world data of a large Korean population of

patients with hypertension without CVD, seven different ARBs had

similar mortality rates during a median follow‐up period of 5.94 years.

Our subgroup analysis of geriatric patients (aged >70 years) and

patients with diabetes also demonstrated no substantial differences

among ARBs. Although some ARBs showed better effects than those

of losartan in terms of MACE occurrence, the degree of difference

was only marginal and, thus, less likely to be clinically important. We

also showed that newer ARBs, such as fimasartan and olmesartan,

had a cardiovascular prognosis similar to that of other ARBs. To our

knowledge, this is the first study to compare the efficacy of seven

different ARBs on long‐term clinical outcomes in patients with

hypertension. In particular, the results of our study are noteworthy as

they also provide data on the long‐term prognostic effects of

fimasartan and olmesartan, which have scarcely been reported.

Most of the data from existing studies comparing ARBs relate to

the short‐term efficacy of the BP‐lowering effect or pleiotropic effect

of ARBs.19–24 Few studies have compared the long‐term clinical

outcomes of different types of ARBs. A study of 6876 geriatric

patients with heart failure compared the effects of five ARBs

(candesartan, irbesartan, losartan, telmisartan, and valsartan) and

found that losartan was associated with a lower survival rate than

that of other ARBs.25 Antoniou et al.26 investigated 54,186 patients

with diabetes and showed that those taking telmisartan and valsartan

were associated with a lower risk of development of acute

myocardial infarction, heart failure, and stroke than those taking

irbesartan, losartan, and candesartan. Our study differs from these

two studies in that we included patients with hypertension and also

showed the effectiveness of the new ARBs, fimasartan, and

olmesartan. Therefore, our findings are applicable to a broader

population. One observational study from Canada showed that

patients with hypertension treated with irbesartan had the lowest

rate of developing cardiovascular events compared with those

receiving other ARBs.27 However, the primary goal of this study

was to compare the effects of ARBs with other antihypertensive drug

classes, and only four ARBs (candesartan, irbesartan, losartan, and

valsartan) were analyzed in this sthsrudy. Moreover, the study

population taking ARBs was relatively small (n = 3490). A study in

Taiwan that analyzed a large number of patients (n = 690,463) from

claims data compared the effects of six ARBs (candesartan,

irbesartan, losartan, olmesartan, telmisartan, and valsartan) and found

that olmesartan did not increase long‐term cardiovascular riskT
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compared with that by losartan.28 This study deserves attention in

that it elucidates the effect of olmesartan, unlike previous studies.

However, the study population was more heterogeneous as patients

with underlying CVD were not excluded, contrary to the case in our

study.

ARBs introduced in the early phase have been used in many large‐

scale randomized clinical trials (RCTs) with long‐term follow‐up. Most of

these studies were designed to compare other classes of antihyperten-

sive drugs, which led to compelling indications for various medical

conditions.11,29–31 Validating the effectiveness of certain drugs with a

well‐designed study is important for clinicians prescribing the drug.

However, it is difficult to conduct large‐scale RCTs on newly developed

ARBs because many ARBs supported by strong evidence are already

available. In this situation, retrospective analyses using real‐world data

may be helpful. In particular, claims data enable analysis of the data of

many patients. Newer ARBs, including olmesartan, fimasartan, and

azilsartan, are known to have higher potency compared with previous

ARBs.32,33 Many head‐to‐head studies have revealed more potent

antihypertensive effects, particularly when compared with losartan or

valsartan.22,34,35 However, these newer ARBs do not have compelling

evidence of long‐term cardiovascular outcomes, and the clinical use of

these drugs is limited. Our study demonstrates that newer ARBs have

similar long‐term clinical outcomes to those of earlier ARBs, based on

the data of many patients in the real world. We believe that these data

will help clinicians use new ARBs.

Most ARBs share a common molecular structure, which contributes

to the class effect of ARBs.36 However, ARBs have considerable

differences in their molecular structures, which can show differences in

their clinical benefits. For example, the number of hydrogen bonds that

affect binding affinity is different among ARBs, and this can translate

into various antihypertensive effects.37 Several studies comparing the

antihypertensive effect of ARBs have shown differences in the

magnitude of BP reduction.34,35 This difference in BP control may

affect patients' prognoses. In patients with acute myocardial infarction,

comparative analysis revealed that insurmountable ARBs, which have a

longer and more stable duration of action, were more effective on long‐

term clinical outcomes compared with surmountable ARBs.38 A study

with a Swedish heart failure registry showed that patients taking

insurmountable ARB (candesartan) had better all‐cause mortality rates

compared with surmountable ARB (losartan).38 Unlike these studies, our

results revealed no significant differences in cardiovascular outcomes of

six ARBs compared with those of losartan, suggesting that the

difference of ARBs is not clinically relevant in patients without CVD.

Further studies are warranted to assess whether the class effect applies

to certain diseases.

This study had several limitations. First, it included patients

receiving other classes of antihypertensive medications, in addition to

ARBs. Although the concomitant use of other antihypertensive

medications was adjusted for the multivariable analysis, we also

conducted stratified analysis. Some ARBs showed worse outcomes

TABLE 3 Risks for all‐cause mortality and MACE according to different ARBs compared to those associated with losartan

Crude model Adjusted model

HR
95% CI

p value HR
95% CI

p valueLow High Low High

All‐cause mortality (ref. = losartan)

Candesartan 0.901 0.856 0.948 0.003 0.994 0.943 1.046 0.613

Fimasartan 0.701 0.639 0.769 <0.001 0.975 0.889 1.070 0.858

Irbesartan 0.905 0.850 0.964 0.009 0.947 0.889 1.008 0.180

Olmesartan 0.813 0.778 0.849 0.065 1.004 0.961 1.049 0.256

Telmisartan 0.771 0.740 0.802 <0.001 0.965 0.927 1.005 0.331

Valsartan 0.838 0.807 0.870 0.781 0.993 0.956 1.031 0.538

MACE (ref. = losartan)

Candesartan 1.039 1.002 1.078 <0.001 1.066 1.028 1.106 0.015

Fimasartan 0.810 0.759 0.864 <0.001 1.001 0.938 1.069 0.400

Irbesartan 1.098 1.051 1.146 <0.001 1.079 1.033 1.127 0.007

Olmesartan 0.901 0.873 0.930 0.001 1.017 0.986 1.050 0.567

Telmisartan 0.864 0.839 0.890 <0.001 0.995 0.966 1.024 0.019

Valsartan 0.932 0.907 0.958 0.262 1.022 0.994 1.050 0.771

Note: The following variables were controlled in the adjusted model: age, sex, body mass index, systolic blood pressure, diabetes mellitus, dyslipidemia,
cigarette smoking, alcohol drinking, physical activity, household income, glomerular filtration rate, and the use of calcium channel blockers, beta‐blockers,
angiotensin‐converting enzyme inhibitors, diuretics, antithrombotics, and statins.

Abbreviations: ARB, angiotensin receptor blocker; CI, confidence interval; HR, hazard ratio; MACE, major adverse cardiovascular event.
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than those of others in the analysis of the ARB group. We could not find

clinically meaningful explanations for the observed difference, which

was also not consistent with the findings of previous studies. Second,

although we included patients receiving ARBs for more than 6 months,

the on‐treatment duration might have varied among ARBs. Third, the

characteristics of the seven ARBs differ, reflecting current practice in

that certain ARBs are used for compelling indications and there is

preference for a stronger agent in younger patients. These may partly

explain the difference in the crude and adjusted models. Fourth, several

variables, such as BP and BMI, have a dynamic nature. Although the

measurement of these variables and the initiation of ARBs were

performed in the same year, the timing does not exactly match and the

dynamic nature could not be reflected. Especially, BP could not reflect

the efficacy of each ARB, thus, limiting interpretation of our results.

Finally, as this is a real‐world study with a large sample size, the

interpretation of the study findings should not depend solely on the p

value. Thus, we considered the sample size, 95% CI, and clinical

significance of the observed effect when interpreting the results.

5 | CONCLUSIONS

In this study, which targeted a large number of Korean adults without

CVD using national health data, we found that six ARBs (candesartan,

fimasartan, irbesartan, losartan, olmesartan, telmisartan, and

valsartan) had comparable effects in terms of long‐term cardiovascu-

lar risk compared with that of losartan. These findings also suggest

that fimasartan and olmesartan, newly developed strong ARBs, may

also have similar cardiovascular effects compared to those of earlier

traditional ARBs. Better‐designed prospective studies are needed to

confirm our findings.
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