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Objectives: The objective of this study was to estimate the risk of lung cancer in relation to angiotensin II receptor blocker (ARB) use 

among patients with hypertension from the Korean National Health Insurance Service-National Health Screening Cohort.

Methods: We conducted a retrospective cohort study of patients with hypertension who started to take antihypertensive medications 

and had a treatment period of at least 6 months. We calculated the weighted hazard ratios (HRs) and their 95% confidence intervals 

(CIs) of lung cancer associated with ARB use compared with calcium channel blocker (CCB) use using inverse probability treatment 

weighting. 

Results: Among a total of 60 469 subjects with a median follow-up time of 7.8 years, 476 cases of lung cancer were identified. ARB use 

had a protective effect on lung cancer compared with CCB use (HR, 0.75; 95% CI, 0.59 to 0.96). Consistent findings were found in anal-

yses considering patients who changed or discontinued their medication (HR, 0.50; 95% CI, 0.32 to 0.77), as well as for women (HR, 

0.56; 95% CI, 0.34 to 0.93), patients without chronic obstructive pulmonary disease (HR, 0.75; 95% CI, 0.56 to 1.00), never-smokers (HR, 

0.64; 95% CI, 0.42 to 0.99), and non-drinkers (HR, 0.69; 95% CI, 0.49 to 0.97). In analyses with different comparison antihypertensive 

medications, the overall protective effects of ARBs on lung cancer risk remained consistent.

Conclusions: The results of the present study suggest that ARBs could decrease the risk of lung cancer. More evidence is needed to 

establish the causal effect of ARBs on the incidence of lung cancer.
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INTRODUCTION

Lung cancer is the leading cause of cancer-related mortality 
worldwide [1]. In 2016, 48 208 men and 29 986 women died 
of lung cancer in Korea [2]. Angiotensin II receptor blockers 
(ARBs) are the most frequently used antihypertensive medica-
tions in Korea, accounting for approximately 43.3% of mono-
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therapy and 81.0% of dual therapy from 2002 to 2016 [3]. 
These medicines mainly target the renin-angiotensin system 
(RAS), an essential physiological system for maintaining fluid 
and electrolyte homeostasis and regulating blood pressure [4]. 
In addition to its effect on the cardiovascular system, the RAS 
is also associated with cancer development and progression 
[5-9]. 

However, the effect of ARBs on the risk of lung cancer is still 
not established. A large cohort study from the United Kingdom 
General Practice Research Database reported a protective ef-
fect of ARBs compared with angiotensin-converting enzyme 
inhibitors (ACEIs) on lung cancer incidence [10]. However, the 
effect of ARBs on lung cancer risk may vary depending on the 
reference medication. Cohort studies from the Taiwanese claims 
database also reported protective effects of ARBs on lung can-
cer [11,12]. However, these studies lacked important covariates 
including smoking status and were based on a user and non-
user study design, which could introduce a healthy user bias 
[13]. A meta-analysis based on observational studies regarding 
the risk of lung cancer associated with ARBs also reported a 
protective effect [14]. However, a meta-analysis including ran-
domized controlled trials (RCTs) reported a null effect of ARBs 
on the incidence of lung cancer [15].

Considering the widespread use of ARBs, it is important to 
investigate the possible association between the use of ARBs 
and the risk of lung cancer. The objective of the present study 
is to provide evidence regarding whether the effects of ARBs 
are associated with the incidence of lung cancer among pa-
tients with hypertension.

METHODS

Database Source and Study Design
We conducted a retrospective cohort study using the Nation-

al Health Insurance Service-Health Screening Cohort database 
(NHIS-HEALS). A description of the database was published 
elsewhere [16]. Briefly, this database included 514 866 people 
comprising a 10% random sample of individuals who under-
went general health check-ups between 2002 and 2003 and 
were aged 40-79 years at the time of the check-up. The data-
base included demographic characteristics such as age, gen-
der, residence, and income level and medical information re-
garding the diagnosis of disease, prescription data about 
treatment, and health examination data from 2002 to 2015. 
The diagnostic codes in this database were based on the Inter-

national Classification of Diseases, 10th edition.
We used an active comparator and new user design to mini-

mize confounding bias by indication and healthy user bias 
[17-19]. Calcium channel blocker (CCB) users were set as the 
comparator group for ARB users because during the study pe-
riod, CCBs were first-line antihypertensive medications along 
with ARBs, and were the second most commonly used class of 
antihypertensive medication, prescribed for approximately 
42.9% of monotherapy and 63.4% of dual therapy from 2002 
to 2016 [3,20]. Furthermore, CCBs were considered to have no 
influence on cancer development overall [21,22]. 

Selection of Subjects
We identified patients with hypertension (I10-I13, I15) who 

started taking antihypertensive medications, including mono-
therapy or combination therapy, from 2003 to 2015 after ex-
cluding prevalent users in 2002. We excluded patients with 
prevalent or incident cancer before the start date of antihyper-
tensive medication, those who died during the period of de-
fining exposure, and those who did not have health examina-
tion data before the start date of antihypertensive medication. 
We further excluded patients with missing values for continu-
ous variables from the health examination, those who started 
receiving combination therapy with both ARBs and CCBs, and 
those who were prescribed antihypertensive medication other 
than ARBs and CCBs. Finally, among these mutually exclusive 
ARB users and CCB users, we selected subjects with treatment 
periods were at least 6 months. The index date was set as the 
last date of the consecutive 6-month antihypertensive treat-
ment period. We set another lag period of 6 months; thus, 
subjects with a follow-up period of less than 6 months were 
excluded because cancer incidence shortly after drug initia-
tion was not considered to be causal [23,24]. 

Definition of the antihypertensive medication
The use of antihypertensive medication was identified by 

using insurance claims data for the prescription of treatment 
in the NHIS-HEALS. Each class of antihypertensive drugs was 
defined based on the Anatomical Therapeutic Code from the 
World Health Organization, identified by each corresponding 
main component code in Korea. The antihypertensive medica-
tions in the present study included ARBs (C09C, C09D), ACEIs 
(C09A, C09B), CCBs (C08C, C08D), beta-blockers (C07), diuret-
ics (C03), and other medications (C02) including alpha-block-
ers and vasodilators. We aggregated the prescription informa-
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tion of all antihypertensive medications every 3 months for 
each participant. Antihypertensive medication use was de-
fined based on at least a 30-day prescription of each class of 
antihypertensive medication during every 3 months.

Follow-up and outcome assessment
Our primary outcome was the incidence of lung cancer. Cas-

es of incident lung cancer were defined as individuals who 
were admitted to the hospital with a main diagnosis code of 
C33-C34 [25]. The final subjects were followed-up from the in-
dex date until the diagnosis of any cancer, any cause of mor-
tality, drop-out from the cohort, or the last date of the study 
(December 31, 2015), whichever came first. The cause and 
date of death were identified through linkage to Korean death 
statistics. 

Statistical Analysis
We used inverse probability treatment weighting (IPTW) to 

control confounding factors between ARB users and CCB us-
ers. The propensity score (PS) of each patient was calculated 
using a logistic regression model [26]. The variables used to 
estimate the PS were selected considering their effect on the 
incidence of lung cancer or their impact on the choice of anti-
hypertensive medications [27]. Demographic variables were 
gathered during 1 year before the initiation of antihyperten-
sive medication, and the most recent health examinations be-
fore the start of follow-up were analyzed. The variables used 
to construct the PS included age at index date, gender, income 
level by quintile (lowest, lower, middle, upper-middle, and 
highest), smoking status (never, ever, current, and missing), al-
cohol drinking habits (never, 1-2/wk, ≥3/wk, and missing), 
and physical activity (never, 1-2/wk, ≥3/wk, and missing). The 
use of other antihypertensive medications and the number of 
antihypertensive medications were also included. We also in-
cluded the following comorbidity variables that could influ-
ence the choice of antihypertensive medication: diabetes mel-
litus (DM) (E10-E14), dyslipidemia (E78), myocardial infarction 
(I21-I23), congestive heart failure (I50, I110, I130, I132), cere-
brovascular disease (I60-I69), chronic kidney disease (N18, 
N19, I12, I13, E102, E112, E132, E142), chronic obstructive pul-
monary disease (COPD) (J40-J47), and Charlson Comorbidity 
Index scores (0, 1, or higher) [28]. Missing values of categorical 
variables were treated as a separate category. Continuous vari-
ables included body mass index (kg/m2), systolic blood pres-
sure (mmHg), diastolic blood pressure (mmHg), levels of fast-

ing blood sugar (mg/dL), total cholesterol (mg/dL), aspartate 
aminotransferase (U/L), alanine aminotransferase (U/L), and 
gamma-glutamyl transferase (U/L), and the number of physi-
cian visits during 1 year before the index date. We also collect-
ed information on the simultaneous prescription of other 
medications, including metformin, sulfonylurea, insulin, thia-
zolidinedione, aspirin and other non-steroidal anti-inflamma-
tory drugs, and statins. 

Stabilized weights for measuring the average treatment ef-
fect were estimated for ARB users and CCB users, respectively 
[27,29]. The weights were trimmed at the lower 1% and upper 
99% [27,29]. The absolute standardized mean differences 
(ASDs) before and after the application of IPTW were estimat-
ed for each variable. When the ASDs were less than 0.1, we as-
sumed that the difference in the variables between groups 
was negligible [30]. The stabilized weights were applied to 
generate a pseudo-cohort comprising ARB users and CCB us-
ers. 

We confirmed that there was no significant interaction be-
tween time and effect of treatment choice on the incidence of 
lung cancer. We calculated the hazard ratios (HRs) by weighted 
Cox regression on the incidence of lung cancer associated with 
ARB use compared with CCB use. We used a robust sandwich-
type variance estimator to calculate the 95% confidence inter-
vals (CIs), accounting for the effect of weights on standard er-
ror [27,31]. We also analyzed the risk of lung cancer among 
ARB users compared with CCB users considering medication 
change or discontinuation as censoring with a 6-month lag 
period. Furthermore, we restricted the subjects to monothera-
py users (i.e., CCB- and ARB-only users) without any other anti-
hypertensive medications at baseline. We extended the lag 
period to 1 year and 2 years from the original 6 months. For 
duration-response analysis, we estimated the weighted HRs  
of lung cancer among ARB users compared with CCB users by 
dividing the subjects’ treatment period into at least 30 days,  
6 months, and 1 year (the primary analysis was for at least 
6-month users). We plotted the weighted cumulative inci-
dence curves of lung cancer among ARB users and CCB users 
by treatment duration as the Kaplan-Meier estimator.

We performed stratified analyses by gender, age (<60 vs.  
≥60 years), COPD, smoking status, drinking status, and use of 
metformin [32]. Considering the potential effects of CCBs on 
lung cancer incidence, we included other reference antihyper-
tensive drugs, such as beta-blockers, diuretics, and ACEIs [33]. 
The weights were recalculated in each group. We also estimat-
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ed the rate differences and their 95% CIs between ARB users 
and users of each antihypertensive medication to estimate 
absolute risk by calculating weighted incidence rates. Addi-
tionally, to estimate the effect of ARB use on the risk of lung 
cancer compared with the general population, we calculated 
the multivariable HR of lung cancer among overall patients 
with hypertension compared to those without hypertension 
based on the treatment period that was compared. Data man-
agement and statistical analysis were performed using Statis-
tical Analysis System Enterprise Guide 7.1 (SAS Institute Inc., 
Cary, NC, USA) and R version 3.6.2 (https://cran.r-project.org/
bin/windows/base/old/3.6.2/).

Ethics Statement
The present study was approved by the Institutional Review 

Board (IRB) of Seoul National University Hospital (IRB No. 
E-1911-001-1074). The database was publicly available, and 
the subjects were coded anonymously. The study was con-
ducted in accordance with the principles of the Declaration of 
Helsinki.

RESULTS

Characteristics of the Study Population
Figure 1 shows the flow of the study for selecting the sub-

jects, including the number of subjects at each step. The final 
60 469 subjects included 21 619 ARB users and 38 850 CCB us-
ers with a treatment duration of at least 6 months, and total of 
51 subjects (0.1%) were lost to follow-up during the study pe-
riod. Table 1 shows the general characteristics and ASDs of 
each variable between two groups before and after adjust-
ment by IPTW. Before IPTW adjustment, ARB users were 
younger than CCB users (58.5 vs. 60.0 years; ASD, 0.159). Di-
uretics were more frequently prescribed in ARB users than in 
CCB users (45.2 vs. 18.9%; ASD, 0.587). ARB users were more 
likely to have DM and dyslipidemia than CCB users (21.3 vs. 
12.3%; ASD, 0.242 for DM; 25.6 vs. 16.1%; ASD, 0.237 for dys-
lipidemia). Metformin was more frequently prescribed for ARB 
users than for CCB users (12.5 vs. 4.6%; ASD, 0.286). After IPTW 
was applied to the subjects, 20 614 ARB users and 38 395 CCB 
users were generated. The ASDs of covariates between two 
groups after weight adjustment were lower than 0.1, indicat-

Figure 1. Flow chart for selecting angiotensin II receptor blocker (ARB) users and calcium channel blocker (CCB) users for the ac-
tive comparator and new user design in the study.

Randomly 10% sampled subjects from health examination 
screening participants in 2002-2003 (n=514 866)

Hypertensive patients with ever first prescription for  
antihypertensive medications in 2003-2015 (n=153 111)

 Remaining subjects (n=142 641)

ARB users excluding CCB users 
(n=35 293)

Final ARB users 
(n=21 619)

Final CCB users
(n=38 850)

CCB users excluding ARB users
(n=61 201)

Exclusion (n=10 470)
   - �Prevalent or incident cancer before the medication start (n=5113)
   - No health screening data before the medication start (n=5826)
   - Death before the medication start (n=130)

Exclusion (n=46 147)
   - �Missing information of continuous variables (n=293)
   - �Combination therapy with  both ARBs and CCBs (n=17 254)
   - �Antihypertension therapy other than ARBs or CCBs (n=27 680)

Exclusion (n=22 351) 
   - �Treatment period <6 mo (n=21 663)
   - �Follow-up <6 mo (n=688)

Exclusion (n=13 674) 
   - �Treatment period <6 mo (n=12 708)
   - Follow-up <6 mo (n=966)

https://cran.r-project.org/bin/windows/base/old/3.6.2/
https://cran.r-project.org/bin/windows/base/old/3.6.2/
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Table 1. Characteristics of ARB users and CCB users with hypertension who had used the corresponding drug for at least 6 months

Characteristics
Cohort data before IPTW

ASD
Cohort data after IPTW

ASD
ARB users (n=21 619) CCB users (n=38 850) ARB users (n=20 614)1 CCB users (n=38 395)1

Women 9807 (45.4) 17 898 (46.1) 0.014 9623 (46.7) 17 624 (45.9) 0.016
Income level2 0.109 0.025
   Lowest 3218 (14.9) 6875 (17.7) 3349 (16.2) 6521 (17.0)
   Intermediate 6250 (28.9) 11 826 (30.4) 6176 (30.0) 11 409 (29.7)
   Highest 7644 (35.4) 11 999 (30.9) 6834 (33.2) 12 417 (32.3)
Smoking 0.130 0.027
   Never 13 925 (64.4) 25 859 (66.6) 13 618 (66.1) 25 373 (66.1)
   Past or current 6959 (32.2) 11 271 (29.0) 6183 (30.0) 11 471 (29.9)
   Missing 735 (3.4) 1720 (4.4) 812 (3.9) 1551 (4.0)
Alcohol (times/wk) 0.109 0.022
   Never 13 548 (62.7) 25 809 (66.4) 13 591 (65.9) 24 995 (65.1)
   1-2 4728 (21.9) 5887 (17.7) 3918 (19.0) 7336 (19.1)
   ≥3 3036 (14.0) 5452 (14.0) 2764 (13.4) 5416 (14.1)
   Missing 307 (1.4) 702 (1.8) 341 (1.7) 649 (1.7)
Exercise (times/wk) 0.092 0.006
   Never 10 949 (50.6) 21 139 (54.4) 10 960 (53.2) 20 379 (53.1)
   1-2 5393 (24.9) 8736 (22.5) 4788 (23.2) 8945 (23.3)
   ≥3 4861 (22.5) 8001 (20.6) 4408 (21.4) 8185 (21.3)
   Missing 416 (1.9) 974 (2.5) 458 (2.2) 887 (2.3)
Antihypertensive medication
   ACE inhibitors 285 (1.3) 2923 (7.5) 0.305 691 (3.4) 2066 (5.4) 0.099
   Beta-blockers 1344 (6.2) 5720 (14.7) 0.281 2056 (10.0) 4607 (12.0) 0.065
   Diuretics 9773 (45.2) 7343 (18.9) 0.587 5909 (28.7) 10 595 (27.6) 0.024
   Others 74 (0.3) 246 (0.6) 0.042 82 (0.4) 216 (0.6) 0.019
   No. of drugs 0.386 0.050
      Monotherapy 11 085 (51.3) 25 688 (66.1) 13 083 (63.5) 23 543 (61.3)
      Combination therapy 10 534 (48.7) 13 162 (33.9) 7531 (36.5) 14 852 (38.7)
Comorbidity
   COPD 3681 (17.0) 6146 (15.8) 0.033 3445 (16.7) 6226 (16.2) 0.013
   CCI (≥1) 1104 (5.1) 1332 (3.4) 0.083 929 (4.5) 1512 (3.9) 0.028
   Diabetes mellitus 4607 (21.3) 4789 (12.3) 0.242 3317 (16.1) 5750 (15.0) 0.031
   Dyslipidemia 5545 (25.6) 6245 (16.1) 0.237 4239 (20.6) 7320 (19.1) 0.038
   MI or stroke 1390 (6.4) 2389 (6.1) 0.042 1367 (6.6) 2457 (6.4) 0.018
   Congestive heart failure 697 (3.2) 798 (2.1) 0.073 571 (2.8) 966 (2.5) 0.016
   Chronic kidney diseases 689 (3.2) 604 (1.6) 0.107 450 (2.2) 740 (1.9) 0.018
Comedication
   Metformin 2696 (12.5) 1771 (4.6) 0.286 1603 (7.8) 2592 (6.8) 0.040
   Sulfonylurea 2597 (12.0) 2545 (6.6) 0.189 1835 (8.9) 3127 (8.1) 0.027
   Insulin 120 (0.6) 49 (0.1) 0.074 67 (0.3) 74 (0.2) 0.026
   Thiazolidinedione 365 (1.7) 177 (0.5) 0.120 199 (1.0) 299 (0.8) 0.020
   NSAIDs 4385 (20.3) 8500 (21.9) 0.039 4331 (21.0) 8244 (21.5) 0.011
   Aspirin 4466 (20.7) 8241 (21.2) 0.014 4379 (21.2) 8103 (21.1) 0.003
   Statin 4908 (22.7) 5248 (13.5) 0.240 3714 (18.0) 6247 (16.3) 0.046
Age (y) 58.5±8.7 60.0±9.3 0.159 59.2±8.9 59.6±9.3 0.046
BMI (kg/m2) 24.7±2.9 24.7±2.9 0.016 24.7±2.9 24.7±2.9 0.004
SBP (mmHg) 138.3±16.7 141.8±18.4 0.200 139.8±16.9 140.7±18.2 0.053

(Continued to the next)
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ing that the characteristics were balanced between two 
groups. 

Risk of Lung Cancer
A total of 476 cases of lung cancer were identified with a 

median (interquartile range, IQR) follow-up period of 7.8 years 
(IQR, 4.5 to 10.0). Table 2 shows the main results of the present 
study regarding the association of ARB use with lung cancer 
risk. A protective effect of ARB use for lung cancer was found 
compared with CCB use (HR, 0.75; 95% CI, 0.59 to 0.96 after 
IPTW and HR, 0.74; 95% CI, 0.60 to 0.92 before IPTW). When 
subjects were censored due to discontinuing or changing their 
original medication, the protective effect of ARBs on the risk of 
lung cancer remained consistent (HR, 0.50; 95% CI, 0.32 to 
0.77). The results were also consistent in the analyses with a 
1-year lag period (HR, 0.80; 95% CI, 0.62 to 1.03) and a 2-year 
lag period (HR, 0.74; 95% CI, 0.54 to 1.02).

In the stratified analysis according to gender, age, comorbid 
COPD, smoking, alcohol drinking, and use of metformin, there 
remained an inverse association between ARB use and risk of 
lung cancer compared with CCB use, though some associations 
are not significant due to the wide CIs (Table 3). Compared with 
patients who received CCB treatment, ARB treatment was as-
sociated with a lower risk of lung cancer in women (HR, 0.56; 
95% CI, 0.34 to 0.93), in patients without COPD (HR, 0.75; 95% 
CI, 0.56 to 1.00), in never-smokers (HR, 0.64; 95% CI, 0.42 to 
0.99), in never-drinkers (HR, 0.69; 95% CI, 0.49 to 0.97), and in 
patients without metformin (HR, 0.72; 95% CI, 0.54 to 0.94). 
Figure 2 shows the weighted cumulative incidence curves and 

Characteristics
Cohort data before IPTW

ASD
Cohort data after IPTW

ASD
ARB users (n=21 619) CCB users (n=38 850) ARB users (n=20 614)1 CCB users (n=38 395)1

DBP (mmHg) 85.8±11.2 87.5±11.9 0.142 86.5±11.2 86.9±11.8 0.038
FBS (mg/dL) 105.6±35.9 100.8±31.0 0.146 102.6±31.2 102.0±33.2 0.019
Cholesterol (mg/dL) 206.2±38.1 205.9±38.6 0.009 205.9±37.5 206.1±38.9 0.004
AST (U/L) 27.2±16.0 27.6±16.0 0.024 27.3±17.2 27.5±15.6 0.010
ALT (U/L) 27.0±19.4 26.7±20.5 0.017 26.8±20.4 26.8±20.0 0.003
γ-GTP (U/L) 42.6±55.4 41.9±55.5 0.013 41.6±56.5 42.3±56.1 0.012
No. of doctor visits (/y) 17.3±16.0 14.8±14.2 0.161 16.3±14.8 15.7±15.9 0.039

Values are presented as number (%) or mean±standard deviation.  
ARB, angiotensin II receptor blocker; CCB, calcium channel blocker; IPTW, inverse probability treatment weighting; ASD, absolute standardized mean difference; 
ACE, angiotensin converting enzyme; COPD, chronic obstructive pulmonary disease; CCI, Charlson Comorbidity Index; MI, myocardial infarction; NSAID, non-ste-
roidal anti-inflammatory drugs; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBS, fasting blood sugar level; AST, aspartate 
aminotransferase; ALT, alanine aminotransferase; γ-GTP, gamma-glutamyl transferase. 
1The number of subjects is given as a weighted number rounded to the first decimal place.
2The intermediate group included the lower group, and the highest group included the upper-middle group.

Table 1. Continued from the previous page

Table 2. Associations of ARB use relative to CCB use with the 
risk of lung cancer among subjects who had used the drugs 
for at least 6 months (n=60 469)

Group Person-
years

Lung cancer 
cases (n)1 HR (95% CI)2

Cohort data before IPTW

   CCB 286 256 366 1.00 (reference)

   ARB 122 005 110 0.74 (0.60, 0.92)3

Cohort data after IPTW

   CCB 286 256 357 1.00 (reference)

   ARB 122 005 108 0.75 (0.59, 0.96)

Censored at drug discontinuation or change4

   CCB 140 747 136 1.00 (reference)

   ARB 66 359   29 0.50 (0.32, 0.77)

Monotherapy5

   CCB 155 793 169 1.00 (reference)

   ARB 49 614   42 0.81 (0.57, 1.15)

1-Year lag

   CCB 285 775 335 1.00 (reference)

   ARB 121 396 105 0.80 (0.62, 1.03)

2-Year lag

   CCB 301 796 292 1.00 (reference)

   ARB 127 790   85 0.74 (0.54, 1.02)

ARB, angiotensin II receptor blocker; CCB, calcium channel blocker; HR, haz-
ard ratio; CI, confidence interval; IPTW, inverse probability treatment weight-
ing.
1The numbers of cases were weighted numbers rounded to the first decimal 
place except the cohort before IPTW.
2Adjusted by IPTW, except for the cohort data before IPTW.
3Crude HR.
4CCB users were censored when they stopped CCB or were prescribed ARB, 
or vice versa.
5CCB-only users and ARB-only users without any other antihypertensive 
medication at baseline.
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IPTW-adjusted HRs of lung cancer among ARB users and CCB 
users by the treatment duration. The HRs were consistently 
0.75 in each group, and we could not find a clear duration-re-
sponse association.

Table 3. Stratified analyses associated with ARB use and risk 
of lung cancer compared with CCB use among subjects who 
had used the drugs for at least 6 months (n=60 469)

Group Person-
years

Lung cancer 
cases (n)1 HR (95% CI)2

Men

   CCB 154 018 264 1.00 (reference)

   ARB 66 768 88 0.83 (0.62, 1.09)

Women 

   CCB 132 238 93 1.00 (reference)

   ARB 55 236 20 0.56 (0.34, 0.93)

Age <60

   CCB 148 888 76 1.00 (reference)

   ARB 76 246 31 0.87 (0.55, 1.40)

Age ≥60

   CCB 137 368 289 1.00 (reference)

   ARB 45 759 71 0.78 (0.58, 1.04)

Subjects without COPD

   CCB 242 953 263 1.00 (reference)

   ARB 102 086 79 0.75 (0.56, 1.00)

Subjects with COPD

   CCB 43 303 91 1.00 (reference)

   ARB 19 918 31 0.80 (0.50, 1.29)

Never-smokers3

   CCB 191 596 132 1.00 (reference)

   ARB 80 054 33 0.64 (0.42, 0.99)

Ever-smokers3,4 

   CCB 81 192 172 1.00 (reference)

   ARB 36 822 52 0.73 (0.51, 1.02)

Non-drinkers3

   CCB 192 980 216 1.00 (reference)

   ARB 79 992 62 0.69 (0.49, 0.97)

Drinkers (≥1/wk)3

   CCB 87 699 131 1.00 (reference)

   ARB 39 839 49 0.89 (0.62, 1.28)

Subjects without metformin

   CCB 274 025 336 1.00 (reference)

   ARB 107 704 89 0.72 (0.54, 0.94)

Subjects with metformin

   CCB 12 231 16 1.00 (reference)

   ARB 14 301 59 1.51 (0.81, 2.80)

The weights were recalculated in each stratified group.
ARB, angiotensin II receptor blocker; CCB, calcium channel blocker; HR, 
hazard ratio; CI, confidence interval; COPD, chronic obstructive pulmonary 
disease.
1The numbers of cases are weighted numbers rounded to the first decimal 
place.
2Adjusted by inverse probability of treatment weighting.
3Subjects with missing values were excluded.
4Subjects included past and current smokers.

Figure 2. Weighted cumulative incidence of lung cancer 
among angiotensin II receptor blocker (ARB) users and calci-
um channel blocker (CCB) users according to the duration of 
treatment (A: 1 month, B: 6 months, and C: 1 year). HR, hazard 
ratio; CI, confidence interval.
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In the analyses with different comparison medications, the 
overall protective effects of ARB on lung cancer risk remained 
consistent (Supplemental Material 1). The estimated absolute 
decrease in incidence of lung cancer for ARB users compared 
with CCB users was 3.6 (95% CI, 1.5 to 5.7) per 10 000 person-
years (Supplemental Material 1). In the analysis with a varying 
washout period to identify new users, we also observed con-
sistent results (Supplemental Material 2). Supplemental Mate-
rial 3 shows that the risk of lung cancer was not significantly 
different between people with and without hypertension. 

DISCUSSION

In this large-scale cohort study with a long-term follow-up 
period, we demonstrated a protective effect on the risk of lung 
cancer associated with the use of ARBs among patients with 
hypertension using an active comparator and new user design 
and IPTW. These findings of the protective effect of ARBs on 
the risk of lung cancer are consistent with those of several pre-
vious studies. Observational studies and a meta-analysis re-
ported an inverse association between ARB use and risk of 
lung cancer [10-12,14]. A cohort study using the Taiwan claims 
database reported a decreased risk of lung cancer of ARB users 
compared with ARB non-users (HR, 0.62; 95% CI, 0.53 to 0.73) 
[11]. Another cohort study from the United Kingdom reported 
that ARBs were associated with a lower risk of lung cancer 
compared to ACEIs (HR, 0.84; 95% CI, 0.75 to 0.94) [10]. A me-
ta-analysis reported that ARBs decreased lung cancer inci-
dence compared with other antihypertensive medications 
(odds ratio [OR], 0.81; 95% CI, 0.69 to 0.94) [14]. Our finding of 
a non-significant association between hypertension and lung 
cancer, which is consistent with a previous meta-analysis [34], 
could indicate that ARB users have a lower risk of lung cancer 
than the general population. Although no significant dura-
tion-response effect was found in the present study, the con-
sistent protective direction of the effect of ARB use on the inci-
dence of lung cancer in several stratified analyses could sup-
port the possibility that ARBs have a real protective effect on 
lung cancer. 

Furthermore, the inverse association between ARBs and the 
risk of lung cancer can be understood in the context of the ac-
tion of the RAS. Angiotensin II, one of the main components of 
the RAS, promotes cellular proliferation, inflammation, and 
angiogenesis via angiotensin II receptor type 1 [6], which are 
critical biological processes in lung cancer [35]. Blocking this 

pathway by ARBs could lower the risk of lung cancer [6]. An-
other plausible mechanism is through the alternative pathway 
of the local RAS [36]. Blocking angiotensin II receptor type I by 
ARB increases the expression of ACE2, which could generate 
angiotensin‐(1-7) from angiotensin II [5,37]. Preclinical studies 
demonstrated that angiotensin‐(1-7) significantly reduced 
lung tumor growth [5]. 

However, whether ARBs have a chemo-protective effect on 
the incidence of lung cancer has not been fully resolved, be-
cause a meta-analysis including RCTs reported a null effect of 
ARB on the incidence of lung cancer (OR, 0.92; 95% CI, 0.72 to 
1.19) [15]. This indicates the need of further RCTs to elucidate 
the causal association between the risk of lung cancer and the 
use of ARBs.

Strengths and limitations
Our study has several strengths. First, the present study ob-

served subjects for a relatively long-term follow-up of a maxi-
mum of 10 years with a median follow-up of 7.8 years. Second, 
the statistical method used in our study, IPTW with an active 
comparator and new user design, supports high comparabili-
ty between two groups [27]. Third, immortal time bias was 
minimal because the definition of the drug exposure period 
was identical in all subjects [38-40]. Fourth, potential con-
founding factors including lifestyles and co-medications 
were considered. Of particular note, important confounding 
factors including smoking status and the history of COPD were 
included in calculating the PS. Last, various sensitivity analy-
ses, including different comparison drugs, make our results ro-
bust. Although CCBs, as our comparison drug, were assumed 
not to be associated with lung cancer, it is possible that they 
could have a potential effect on lung cancer risk [33]. There-
fore, we performed further analyses using different compari-
son drugs (beta-blockers, diuretics, and ACEIs), which showed 
similar results. We also performed analyses censoring subjects 
who stopped the original medication and changed or aug-
mented to comparison drugs with a 6-month lag period, 
which showed consistent results with those of the primary 
analyses.

However, the results in the present study should also be 
carefully interpreted in the context of several limitations. The 
observed association may not be causal because the present 
study is an observational study, not an RCT, although we tried 
to minimize confounding bias and selection bias through the 
study design and the statistical method. A 1-year drug wash-
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out period could be insufficient to exclude prevalent antihy-
pertensive medication users to identify new users free of can-
cer. However, in the analysis with an extended washout peri-
od, we found consistent results [19]. Because this study was 
conducted based on a prescription database, whether the pa-
tients took the medicine could not be known, which could in-
troduce misclassification bias. Analysis of the specific histolog-
ical subtypes of lung cancer was impossible because there 
was no information regarding the histological subtype of lung 
cancer.

The results of the present study suggest that ARBs could de-
crease the risk of lung cancer. More evidence is needed to es-
tablish the causal effect of ARBs on the incidence of lung can-
cer.
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