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Original Article 
Angiotensin receptor blockers (ARBs) reduce the risk of 
lung cancer: a systematic review and meta-analysis
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Abstract: Angiotensin receptor blockers (ARBs) are the most commonly used blood pressure-lowering drugs in the 
world. However, the preventive value of ARBs on lung cancer is still controversial. Therefore, it was necessary for us 
to perform a meta-analysis to evaluate the value of ARBs on lung cancer risk. We searched the PubMed database 
as well as the Web of Science database. The overall effect was measured by odds ratio (OR) and corresponding 
95% confidence intervals (CI). The significance of the pooled ORs was determined by the Z test with a P value less 
than 0.05 considering statistically significant. In this meta-analysis, we found ARBs could decrease the lung cancer 
risk (OR=0.81, 95% CI 0.69-0.54). The stability of the results was tested by sensitivity analysis. The result was not 
a significant change, suggesting that the result of our meta-analysis was stable. In conclusion, our meta-analysis 
demonstrated that ARBs was significantly associated with lower lung cancer. 
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Introduction

Angiotensin receptor blockers (ARBs) are the 
most commonly used blood pressure-lowering 
drugs in the world. ARBs are highly selective for 
the Ang II type 1 (AT1) receptors and block the 
deleterious effects of Ang II, such as vasocon-
striction, aldosterone release, retention of sodi-
um and water, sympathetic nerve activation 
and cell proliferation [1]. Papp et al. suggested 
that apoptosis was induced with purified Ang II 
applied to the human lung alveolar epithelial 
cells (AEC)-derived carcinoma cell line A549 
[2]. Losartan inhibited ANG II-induced apopto-
sis [2]. Batra et al. confirmed that the human 
non-small cell lung cancer cells (A549) selec-
tively expressed AT1 subtype receptors for Ang 
II that were functionally coupled to Ca2+ mobi-
lization from both extra and intracellular sourc-
es [3]. This effect of Ang II was completely abol-
ished by inclusion of losartan [3]. Thus, it was 
possible that ARBs could influence the risk of 
lung cancer. Recently, some studies reported 
these results. However, the results were still 

uncertain [4-11]. Thus, we did a meta-analysis 
to assess the association between ARBs and 
the risk of lung cancer.

Methods

Publication search

We searched the PubMed database from 1990 
to April 2015 as well as the Web of Science 
database, with an index ranging from 1985 to 
April 2015. We ran searches based on the fol-
lowing terms: “Angiotensin receptor blocker”, 
“ARB”, “lung cancer” and “NSCLC”, including all 
possible combinations therein. We also con-
ducted manual searches following up on all of 
the studies’ references. Lastly, we inspected 
several related articles from reviews and other 
pertinent sources such as research bibliogra- 
phies.

Inclusion and exclusion criteria

A study included for meta-analysis needed to 
have: evaluated the correlation between ARBs 
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and the risk of lung cancer; the research should 
provide sufficient information to estimate the 
odds ratio (OR) and corresponding 95% confi-
dence intervals (CI). We excluded the following 

materials: (1) reviews, let-
ters, conference abstracts, 
and case reports; (2) articles 
that did not offer enough 
data to estimate the OR and 
95% CI; (3) overlapping arti-
cles. Accordingly, these arti-
cles were not applied into 
the scope of our meta- 
analysis.

Data extraction and quality 
assessment

Figure 1. Flow chart of the 
literature search according to 
PRISMA statement.

Table 1. Characteristics of the studies

First author Location/Year Study design No. of par-
ticipants Adjusted 

Rao GA USA/2013 Retrospective cohort 1228960 Yes
Wang KL Taiwan/2013 Retrospective cohort 85842 Yes
Pasternak B Denmark/2011 Retrospective cohort 317158 Yes
Huang CC Taiwan/2011 Retrospective cohort 109002 Yes
Bhaskaran K UK/2012 Retrospective cohort 1542323 Yes
Azoulay L UK/2012 Case-control 410167 Yes
Hallas J Denmark/2012 Case-control 597668 Yes
Chang CH Taiwan/2011 Case-control 39934 Yes

We extracted the following data from each of 
the eligible articles: the name of the first author, 
publication year, nationality, study design, num-
ber of subjects. The quality of each study was 
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evaluated according to the Newcastle-Ottawa 
quality assessment scale.

Statistical analysis

The overall effect was mea-
sured by OR with its 95% CI. 
The significance of the pooled 
ORs was determined by the Z 
test with a P value less than 
0.05 considering statistically 
significant. Between-studies 
heterogeneity was assessed 
by the I2 test and the 
Q-statistic test. The random-
effect model was used. The 
publication bias was estimat-
ed by visual funnel plot 
inspection. To assess wheth-
er our results were substan-
tially influenced by the pres-
ence of any individual study, 
we proceed a sensitivity anal-
ysis by removing each study 
and recalculating the signifi-
cance of the result. Statistical 
analyses were conducted in 
STATA version 11.0 (Stata 
Corporation, College station, 
TX, USA). All the tests were 
two-sided.

Results

Study characteristics

The process followed to select 
the papers used in this report 
is shown in Figure 1. After a 
thorough survey of these 
identified studies, we found 
and selected eight eligible 
studies for closer analysis. 
The total sample size of our 
meta-analysis was 4331054. 
Characteristics in this meta-
analysis are summarized in 
Table 1. Table 2 showed the 
quality scores of these stud-
ies. All of the studies are high 
quality.

Results of meta-analysis

The meta-analysis gave the 
result that the pooled OR was 
0.81 (95% CI 0.69-0.54) for 

Table 2. Quality scores of studies using Newcastle-Ottawa Scale 
(maximum score of 9)
Study Selection Comparability Outcome Overall quality
Rao GA 4 2 3 9
Wang KL 4 2 2 8
Pasternak B 4 2 3 9
Huang CC 4 2 2 8
Bhaskaran K 4 2 3 9
Azoulay L 4 2 3 9
Hallas J 4 2 3 9
Chang CH 4 2 3 9

Figure 2. Meta-analysis for the association between ARBs and lung cancer.

the ARBs users compared to the non-ARBs 
user (Figure 2). The stability of the results was 

Figure 3. Sensitivity analysis for the association between ARBs and lung cancer.
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tested by sensitivity analysis. The result was 
not a significant change, suggesting that the 
result of our meta-analysis was stable (Figure 
3). As shown in Figure 4, five studies were iden-
tified as the outliners. When the five studies 
were excluded, the heterogeneity was decre- 
ased from 90% to 0%.

We did a subgroup analysis according to the 
study design. In the case-control studies, no 
significant result was found (OR=1.01, 95% CI 
0.93-1.10). However, in the cohort studies, the 
result was still positive (OR=0.73, 95% CI 
0.62-0.86).

Publication bias assessment

The data of the eight studies 
were included in a funnel 
plot, which was used to ana-
lyze the publication bias of 
the literature included in this 
meta-analysis (Figure 5). 
The result did not suggest 
any evidence of publication 
bias (P=0.568).

Discussion

Lung cancer is the leading 
cause of cancer death world-
wide. In 2013 alone, an esti-
mated 228,190 US cases 
will be diagnosed and 
159,480 US deaths are  
estimated to occur [12]. The 
5-year survival for all lung 
cancer patients is a dismal 
15% [12]. Clearly there is 
need for novel preventive 
approaches in lung cancer.

In this meta-analysis, we 
found ARBs could decrease 
the lung cancer risk. An 
increased incidence of some 
neoplastic diseases during 
the use of ARBs was first 
shown by the CHARM study, 
which compared candesar-
tan with placebo in patient 
with chronic heart failure 
[13]. In the LIFE (Losartan 
Intervention For Endpoint 
reduction in Hypertension) 
study, the risk of neoplastic 

Figure 4. Galbraith plot of for the association between ARBs and lung cancer.

diseases was increased by 12% compared with 
the control group, but this difference was not 
significant [14]. In the PRoFESS (Prevention 
Regimen For Effectively avoiding Second 
Strokes) study, lung cancer showed a non-sig-
nificant increase of 24% in the ARB (telmisar-
tan) group compared to placebo [15]. Thus, the 
result of our study should be validated in the 
future studies.

Some strengths of our study deserve particular 
mention. First, this is the first meta-analysis of 
the association between ARBs and lung cancer. 
Second, the overall outcome was based on indi-

Figure 5. Funnel plot of for the association between ARBs and lung cancer.
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vidual adjusted ORs. Third, the number of 
included subjects is very large. Thus, the statis-
tic power is good enough. We should also be 
aware of some limitations in this meta-analysis. 
First, because of the lack of a relevant prospec-
tive study, all of the included studies were retro-
spective. Therefore, more prospective studies 
are needed to confirm our result. Second, as in 
all meta-analysis, the possibility of publication 
bias is of concern. However, a formal statistical 
test did not provide evidence for such bias. 
Finally, most of the studies met our inclusion 
criteria conducted in European and Asian, 
which might influence the generalizability of the 
findings to other types of geographic areas.

In conclusion, our meta-analysis demonstrated 
that ARBs was significantly associated with 
lower lung cancer. However, further large pro-
spective studies should be carried out to con-
firm whether ARBs has a preventive value in 
lung cancer.
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