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Plain Language Summary 
Introduction: Two types of drug, angiotensin-converting enzyme inhibitors (ACEIs) and 
angiotensin receptor blockers (ARBs), have been linked to the risk of developing cancer. 
We performed a meta-analysis by aggregating individual studies looking into the cancer 
risk of ACEIs and ARBs.
Methods: We searched for articles on Embase and Medline databases until 21 January, 
2021. Two researchers independently reviewed the literature and assessed the title and 
abstract of each publication.
Results: Overall, the hazard ratio showed less than 1, while the relative risks showed 
higher than 1.
Conclusion: Our results show some protective effects through the hazard ratio and some 
detrimental effects through the relative risk. Evidence supporting the risk of developing 
cancer is insufficient to prevent prescribing ACEIs or ARBs for patients with high blood 
pressure.
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Angiotensin-converting enzyme inhibitors 
or angiotensin receptor blockers and 
cancer risk: an updated meta-analysis of 
observational studies
Kayeong Shin*, Jiwoo Yang*, Yeuni Yu, Eunjeong Son, Kihun Kim and Yun Hak Kim  

Abstract
Introduction: Debate on the association between the use of angiotensin-converting enzyme 
inhibitors (ACEIs) and angiotensin receptor blockers (ARBs) and the risk of developing cancer 
has been ongoing for decades. This study aimed to generate reliable results by analysing 
observational studies published in the decade after our last meta-analysis was conducted.
Methods: We searched Embase and Medline databases on 21 January 2021 for cohort and 
case-control studies. Two researchers independently reviewed the literature and assessed the 
title and abstract of each publication. The I2 statistic used to evaluate the heterogeneity of the 
effect measures. Risk of bias was qualitatively assessed using the Newcastle–Ottawa scale.
Results and discussion: We included an additional 16 cohort, 6 nested case-control, and 
9 conventional case-control studies in the updated analysis. Overall HRs decreased, while 
overall relative risks increased.
Conclusion: Our results show some protective effects through the hazard ratio and some 
detrimental effects through the relative risk. Large-scale investigations of cohorts followed up 
for decades are needed to clarify association.
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Introduction
Angiotensin-converting enzyme inhibitors (ACEIs) 
and angiotensin receptor blockers (ARBs) are used 
to treat hypertension.1,2 They are considered first-
line treatments for patients with diabetes, chronic 
kidney disease, and heart disease2 as first-line 
agents for reducing the risk of heart disease, pro-
teinuria, and the expression of plasminogen activa-
tor inhibitor-13 in patients with cancer. These 
drugs also reportedly have a beneficial effect in 
patients with heart failure with preserved ejection 
fraction.4

Renin-angiotensin system (RAS) maintains over-
all blood pressure and electrolyte balance, with 
angiotensin playing an important role in regulat-
ing the system.5 Angiotensin II promotes cell pro-
liferation and neovascularisation,6 as well as 
cancer growth, through VEGF-mediated angio-
genesis.7 ACEIs and ARBs can reduce the risk of 
cancer by inhibiting the RAS system through 
these biological mechanisms, and this has been 
partially demonstrated in experimental animal 
and human studies.6,8

The first meta-analysis focusing on the relation-
ship between hypertensive drugs and cancer was 
conducted in 2001.9 It included both randomised 
control trials and observational studies but found 
no significant association between cancer and 
ACEI or ARB.9 However, two subsequent meta-
analyses focusing on randomised controlled trials 
(RCTs) found that ARBs or a combination of 
ACEI and ARB modestly increased the risk of 
cancer.1,10 However, these findings were criticised 
because patients were followed up for only 
2–5 years, making it difficult to demonstrate cau-
sality or to determine the possibility that untreated 
hypertension could increase occurrence of certain 
types of cancer).11 A meta-analysis of observa-
tional studies also found no significant associa-
tion between ACEI or ARB and cancer. Analyses 
of studies that followed patients for more than 5 
years, to reduce the limitations of RCT meta-
analyses, revealed potential benefits of these sub-
stances against cancer.12

The most recent RCT meta-analysis reported no 
evidence of consistent antihypertensive use affect-
ing cancer risk.13 Considering that findings from 
numerous observational studies published since 
2011 may be novel, we performed a meta-analysis 
by adding papers published after 2011. A previous 

meta-analysis published in 2011 assessed overall 
risk by aggregating odds ratios (ORs) and hazard 
ratios (HRs) into relative risk (RR).12 In this 
study, we subdivided effect measures into RRs 
and HRs because the data in most long-term fol-
low-up cohort studies included herein were ana-
lysed using these measures.

Methods

Protocol registration
This meta-analysis was conducted in accordance 
with PRISMA guidelines.14 The study protocol is 
registered with PROSPERO (registration no: 
CRD42021231789).

Selection criteria
We selected only the papers in which primary 
cancer was diagnosed by using national register 
ICD code or in hospital. There was no limit to the 
type of cancer or the duration of follow-up. Skin 
cancer was limited to only malignant melanoma 
similar to the methodology of the previous meta-
analysis. Any cancer was the opposite of specific 
cancer, and all cancers referred to both any can-
cer and specific cancer. We analysed studies of 
ACEIs or ARBs that reported effect measures, 
including risk ratios, ORs, and HRs. Cohort and 
case-control studies were included in the analysis. 
Publications using data from the same database 
were included if they analysed different diseases.

Search strategy
We searched Embase and Medline databases in 
21 January 2021 using the following terms: ACE 
inhibitor OR ACEI OR angiotensin converting 
enzyme inhibitor OR Angiotensin I converting 
enzyme inhibitor OR kinase II inhibitor OR 
dipeptidyl carboxypeptidase inhibitor OR ARB 
OR angiotensin receptor blocker OR angiotensin 
receptor antagonist OR antihypertensive OR anti-
hypertension OR blood pressure lowering AND 
cancer OR malignancy OR malignancies OR 
malignant neoplasm OR tumour OR carcinoma 
OR carcinogenesis OR pre-cancer AND ratio OR 
risk OR hazard OR outcome OR prognosis OR 
mortality OR morbidity OR prevalence OR inci-
dence OR odds. The search was limited to study 
titles and abstracts and was not restricted to a 
specific language.
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Selection process
Two authors (KS, JY) independently searched 
the databases and assessed the title and abstract 
of each publication retrieved using the search 
strategy. Full-text articles were reviewed to deter-
mine their suitability for inclusion in the analysis. 
Disagreements were resolved through discussion.

Data extraction
The following data were extracted during the 
screening phase: title, abstract, journal name, 
author name(s), publication year, and publication 
type. Information on study design, study popula-
tion, effect measures, follow-up period, age, sex, 
cancer type, drug class, region, and adjusted vari-
ables was also extracted.

Summary measures
We aggregated the ORs and RRs into RRs based on 
a previously described methodology. Furthermore, 
we computed the HR because it is considered the 
rate of event or outcome in one group relative to 
another group over a specific period and is similar 
but distinct from other effect measures.

Risk of bias in individual studies
The risk of bias in the selected cohort and case-
control studies was qualitatively assessed using 
the Newcastle-Ottawa scale. Assessment tools are 
presented in the supplementary materials. The 
authors (KS, JY) independently assessed the risk 
of bias in the studies and verified the quality of 
the evidence. Discrepancies were resolved 
through discussion. Cohort and case-control 
study scores were classified as good, fair, or poor 
based on the Agency for Healthcare Research and 
Quality standard. The sensitivity analysis was 
performed on studies evaluated as ‘good’ quality 
as a result of risk of bias assessment.

Publication bias across studies
We used Egger’s test to evaluate publication bias 
using STATA 13 software. We used funnel plots 
to visually evaluate publication bias.

Statistical analyses
Data are shown as crude and adjusted ORs, RRs, 
and HRs, with 95% confidence intervals. The 

classification of I2 statistics, as presented by 
Higgins et al.,15 was used to evaluate the hetero-
geneity of the effect measures. Heterogeneity was 
considered low, moderate, or high if I2 values 
were 25%, 50%, or 75%, respectively. The ran-
dom effect method was used when heterogeneity 
exceeded 50%; otherwise, the fixed-effect method 
was used. If an integrated value was required, the 
calculation was performed using the Higgins 
method.15 Results were presented using the 
Review Manager 5.4 software.

Results

Study selection and characteristics
The titles and abstracts of 492 records were 
screened. A full-text review was conducted for 
129 publications, and 61 articles (28 previous 
and 31 new) were selected for inclusion in the 
study (Figure 1). The previously analysed studies 
consisted of 12 cohort, 6 nested case-control, and 
10 conventional case-control studies. The new 
studies consisted of 16 cohort, 6 nested case-con-
trol, and 9 conventional case-control studies. The 
characteristics of the studies included in the anal-
ysis were presented in Supplementary Tables 1 
and 2.

Overall results
Hazard ratio. The adjusted HRs for all, any, 
breast, and smoking-related cancers were less 
than 1 (Table 1). The crude HRs for any, lung, 
and smoking-related cancers were also less than 1.

Relative risk. Crude and adjusted combined RRs 
were analysed using a previously described 
method (Table 2). Adjusted RRs were higher than 
1 in kidney cancer and melanoma. Crude RRs 
were higher than 1 in all, kidney, and hematologic 
cancers. Subgroup analyses were conducted for 
cohort and nested case-control studies. Adjusted 
and crude RR values for cohort and nested case-
control studies were less than 1 in colon/rectal 
cancer, while higher than 1 in kidney cancer and 
melanoma.

Risk of bias in individual studies
Supplementary Tables 3 and 4 show detailed 
assessments of risk of bias in individual studies. 
Of the 17 cohort studies, 5 were rated ‘good’, 1 
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Figure 1. PRISMA flowchart.

Table 1. Subgroup analyses of association between ACEi or ARB and risk of cancer.

Type of cancer All studies

Adjusted Crude

HR (95% CI) I² (%)
/(cohort studies)

HR (95% CI) I² (%)
/(cohort)

All cancer risk 0.83 (0.75–0.93)* 94/(17) 0.87 (0.74–1.01) 96/(7)

Any 0.65 (0.57–0.74)* 86/(5) 0.70 (0.59-0.83)* 95/(3)

Breast 0.73 (0.69–0.77)* 39/(4) 0.84 (0.60-1.18) 87/(3)

Lung 0.68 (0.58–0.80)* 65/(4) 0.68 (0.60-0.76)* 37/(3)

Colon/rectal 0.98 (0.84–1.13) 54/(3) 0.91 (0.76-1.10) 85/(4)

Prostate 0.99 (0.88–1.12) 73/(4) 0.71 (0.59-0.86)* 0/(2)

Hematologic 0.57 (0.43-0.76)* –/(1) – –/–

Genitourinary 0.89 (0.67-1.19) 93/(2) – –/–

Female reproductive 1.01 (0.75-1.36) –/(1) – –/–

Pancreatic 0.86 (0.71-1.05) 0/(1) – –/–

Smoking-related cancer** 0.68 (0.58–0.80)* 65/(4) 0.68 (0.60-0.76)* 37/(3)

*Statistically significant (p < 0.05), **Includes oesophageal, lung, and kidney cancers
CI, confidence interval; HR, hazard ratio; ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker.
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was rated ‘fair’, and 11 were rated ‘poor’. Of the 
16 case–control studies, 6 were rated ‘good’, 7 
were ‘fair’, and 3 were rated ‘poor’ (Supplementary 
table 5).

Publication bias across studies
Funnel plots were used to represent the results of 
cancer risk (Supplementary Figures 1–3). No sig-
nificant publication bias was observed based on 
Egger’s regression test (p > 0.05).

Sensitivity analysis
The overall sensitivity analysis results for high 
quality studies were presented in Table 3. There 
was a considerable change in the confidence 
interval as the number of included studies 
decreased.

Discussion
The literature review and updated meta-analysis 
of observational studies showed an inverse corre-
lation between HR and RR. Similar to previous 
meta-analyses, RRs associated with kidney cancer 
and melanoma were significantly higher than 1. 
HRs indicated that ACEIs/ARBs are associated 
with lower risk of lung and breast cancers.

We computed HRs and RRs separately. Effect 
measures, including ORs, RRs, and HRs, are 
often applied interchangeably in meta-analyses 
and are statistically integrated for diseases that are 
relatively rare in the general population.16 RR 
represents the fold increase in risk that an indi-
vidual in one category is at compared with an 

individual in another category.17 HR represents 
the rate at which a disease occurs in one group 
relative to another group over a specific period 
and is also referred to as a form of RR independ-
ent of the study period.16 However, HR and RR 
differ slightly and which is computed depends on 
the study population and design. We postulated 
that analysing HRs and RR separately could lead 
to different interpretations.

Previous RCT meta-analyses found that ARBs or 
one ARB combined with an ACEI increased the 
risk of cancer.1,10 This may be because ACEIs can 
inhibit the RAS and reduce the risk of cancer, 
whereas ARBs can stimulate angiogenesis by 
inducing excessive angiotensin II type 2 receptor 
activity by inhibiting angiotensin II type 1 recep-
tor.1,18 However, there is no clinical evidence in 
support of this hypothesis.18 In addition, follow-
ing up the subjects for less than 3 years did not 
clearly illustrate the causal relationship between 
these drugs and cancer.12 A previous meta-analy-
sis of observational studies of cohorts followed up 
for more than 5 years found a decreased risk of 
cancer, contradicting the RCT results.12 In this 
case, the level of evidence may be higher due to 
the relatively longer follow-up period and the 
suitability of biological mechanisms.

The RR results obtained here were similar to 
those obtained in a previous meta-analysis. 
However, the overall values in this study con-
verged to 1 compared with the values in the previ-
ous meta-analysis, indicating a decreased 
association. Kidney cancer and melanoma were 
also significantly increased. Untreated hyperten-
sion may have a greater effect on kidney cancer 

Table 3. Sensitivity analyses for high-quality studies.

Sensitivity analyses HR (95% CI) I² (%)
/(cohort/case–
control)

RR (All) I² (%)
/(cohort/
case–control)

RR
(cohort and nested 
case-control)

I² (%)
/(cohort/case–
control)

Adjusted (all) 0.83 (0.75–0.93)* 94/(17/0) 1.02 (0.99–1.05) 72/(10/31) 0.99 (0.96–1.03) 66/(10/12)

Adjusted
(high-quality studies)

0.86 (0.66-1.11) 97/(5/0) 1.05 (0.99-1.12) 74/(2/14) 0.98 (0.88-1.10) 68/(2/7)

Crude (all) 0.87 (0.74–1.01) 96/(7/0) 1.11 (1.05–1.17)* 93/(2/32) 1.12 (1.03-1.21)* 96/(2/14)

Crude
(high-quality studies)

0.78 (0.68-0.88)* 85/(4/0) 1.12 (1.02-1.23)* 93/(1/14) 1.12 (0.90-1.30) 94/(1/7)

*Statistically significant (p < 0.05).
CI, confidence interval; HR, Hazard ratio; RR, relative risk.
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than ACEIs or ARBs, while melanoma may be 
affected by the photosensitising effect of ACEIs 
and ARBs.19,20

HRs computed for cohort studies indicated an 
overall reduction in the risk of lung and breast 
cancer. ARB has been reported to be associated 
with inhibition of AT1R, which activates cell 
migration, cell proliferation, inflammation, and 
angiogenesis in lung cancer.21 On the other hand, 
ACEIs are known to induce lung accumulation of 
bradykinin and substance P, which promote 
tumour proliferation and angiogenesis).22 Breast 
cancer is necessary to clarify cancer-specific bio-
logical plausibility. The reported minimum induc-
tion period for most solid cancers is 10 years.23 
Therefore, large-scale studies of cohorts followed 
up for decades are needed to clarify association

Our study has several limitations. First, there is a 
possibility of confounding by indication bias as a 
specific and prominent source of the disparate 
results between cohort and case-control studies. 
Second, interpreting adjusted values only is not 
sufficient because these tend to vary between 
studies. Third, some studies analysed patients 
from the same registries, potentially resulting in 
selection bias in the study population. Finally, 
publication bias could not be evaluated precisely 
because the number of samples used to compute 
the adjusted values was unknown.24 Despite these 
limitations, our study has several strengths. First, 
the data sources are reliable and included large 
numbers of samples because many studies used 
patients in national registries. Second, we 
included more studies than previously analysed, 
thereby improving the reliability of our findings. 
Third, we separated effect measures to provide 
diverse interpretations. Finally, we included a 
long-term follow-up study to provide additional 
evidence on the strong correlation between these 
drugs and cancer.

Conclusion
Our results show some protective effects through 
the hazard ratio and some detrimental effects 
through the relative risk. Evidence supporting the 
risk of developing cancer is insufficient to prevent 
prescribing ACEIs or ARBs for patients with 
hypertension. However, the causal relationship 
between cancer and ACEIs or ARBs needs to be 
verified by following a defined cohort for 10 or 
more years.
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