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Abstract
Background  Evidence that antihypertensive medication (AHTN) use is associated with an increased risk of kidney 
cancer (KC) is emerging. However, limited evidence is available on disentangling the effects of AHTN use on KC from 
hypertension, which is a risk factor for KC. We aimed to identify pooled estimates for the associations between AHTN 
use and KC risk, independent of hypertension.

Methods  We searched for observational studies that investigated the associations between AHTN use and KC 
through January 2025. To identify the independent effects of AHTN from hypertension, we conducted stratified 
analyses with and without accounting for hypertension: any methods (matching, adjustment, or stratification/
restriction) versus none. We conducted random-effects meta-analyses with robust variance estimation to calculate 
pooled relative risk (RR).

Results  In this meta-analysis consisting of 39 eligible studies, AHTN use was associated with an increased risk of KC 
based on estimates that accounted for hypertension (RR 1.19, 95% confidence interval (CI) 0.93–1.52 for angiotensin-
converting enzyme inhibitor; RR 1.15, 95% CI 1.00-1.31 for angiotensin receptor blocker; RR 1.09, 95% CI 1.03–1.16 for 
beta-blocker, RR 1.40, 95% CI 1.12–1.75 for calcium channel blocker (CCB); RR 1.36, 95% CI 1.20–1.55 for diuretic; and 
RR 1.40, 95% CI 1.13–1.75 for non-classified AHTN). Findings from duration‒response relationships supported the main 
findings.

Conclusions  AHTN use was associated with an increased risk of KC compared to no use, even after accounting for 
hypertension, with the highest risk observed for CCB. Our findings highlight the potential KC risks associated with 
different AHTN classes, with optimal cardiovascular care remaining an important consideration.
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Background
Kidney cancer (KC) was the 14th most commonly diag-
nosed cancer worldwide in 2022, with 434,419 new cases, 
accounting for 2.2% of all cancer sites [1]. The incidence 
of KC has constantly increased in the US (2014–2018). 
Among the 18 most prevalent cancers, KC was ranked 
third among men (average annual percent change: 0.7%) 
and fourth among women (average annual percent 
change: 1.2%) [1, 2]. Due to a lack of nationwide screen-
ing and few signs or symptoms in the early stages, many 
KC cases are detected at late stages, which have poor out-
comes with a 5-year survival of under 20% [3]. In 2020, 
the national burden for KC care was estimated to be 
$9.7 billion, which was ranked seventh of all cancers, and 
it is expected to increase further [4]. 

Antihypertensive medication (AHTN) use has been 
shown to be effective in controlling hypertension and 
preventing cardiovascular diseases [5]. Hypertension is a 
strong risk factor for KC [6], potentially through chronic 
inflammation, cellular hypoxia response activation, and 
hypoxia-induced factor expression [7, 8]. Therefore, it 
is reasonable to assume that lowering high blood pres-
sure through AHTN use may reduce KC risk. How-
ever, emerging evidence has shown the reverse results 
that AHTN, especially calcium channel blocker (CCB) 
or diuretic (DU), is associated with a higher risk of KC 
[9–17]. This increased risk is driven by several possible 
mechanisms such as facilitating tumor cell proliferation, 
angiogenesis, or migration, altering intracellular calcium 
levels and inhibiting apoptosis, or causing renal adeno-
mas, nephropathy, or chronic inflammation [16–18]. This 
suggest that AHTN use may independently increase KC 
risk, regardless of its blood pressure-lowering effects.

Considering potential confounding by indication from 
hypertension, it is challenging to disentangle the effect of 
AHTN use on KC from that of high blood pressure [6]. 
More severe hypertension often leads to increased use 
of the medications, which may also be associated with a 
higher risk of KC. Given their long-term and widespread 
use [5], a better understanding is necessary to increase 
awareness of drug safety and to develop cancer preven-
tive strategies. This meta-analysis aimed to investigate 
the associations between AHTN use and KC risk, distin-
guishing them from associations related to hypertension.

Method
Study eligibility criteria
This meta-analysis included observational cohort and 
case-control studies, which investigated the associa-
tions between AHTN use and KC risk. AHTN included 
angiotensin-converting enzyme inhibitor (ACEI), angio-
tensin receptor blocker (ARB), beta-blocker (BB), CCB, 
and DU based on the American College of Cardiology/
American Heart Association Guidelines [5]. Studies that 

reported combined results for any classes of AHTN or 
non-DU were grouped as “Any AHTN” in this meta-
analysis. KC included total cases and renal cell carcinoma 
(RCC), the most common subtype (~ 90%) of KC. This 
meta-analysis adhered to the guidelines for conducting 
meta-analyses of observational studies and the Preferred 
Reporting Items for Systematic reviews and Meta-Analy-
ses (PRISMA) statement (Table S1) [19]. 

Search strategy
The published literature was searched through January 
10, 2025. Comprehensive search strategies were estab-
lished and implemented in PubMed, Embase, Web of 
Science, and Cochrane Library database. Standardized 
terms and key words, including AHTN, ACEI, ARB, BB, 
CCB, DU, hypertension, KC, and RCC (Table S2), were 
used during the search process. The titles and abstracts 
of 8,476 articles were screened to exclude reviews, com-
mentaries, editorials, case reports, abstract-only articles, 
preclinical studies, original studies without exposure or 
outcome of interests, and original studies written in non-
English languages (Figure S1). Two independent review-
ers performed the systematic review with disagreements 
settled by a third independent reviewer.

Analysis design and data extraction
Data extraction was completed by two independent 
reviewers. Any conflicts or inconsistencies were evalu-
ated by the third reviewer. The final decision for dis-
agreements was reached through consensus among all 
reviewers. Study estimates were extracted through pre-
defined two steps. Firstly, we selected one estimate per 
AHTN class per study. We identified the estimate as the 
most fully adjusted estimate shown in the abstract or the 
main result. When studies reported separate estimates 
for specific subgroups (e.g., men and women [9], subtypes 
of DU [9], duration of medication use [20], or hyperten-
sive and non-hypertensive populations [10, 21]), multiple 
estimates per AHTN per study were chosen. Secondly, 
to evaluate the independent effect of AHTN on KC risk 
from that of hypertension, we conducted stratified analy-
ses based on the methods each contributing study used 
to account for hypertension: (1) statistical adjustment for 
or matching on hypertension, (2) stratification or restric-
tion to hypertensive population, and (3) none. When the 
estimate or confidence interval (CI) were not reported 
but raw numbers (i.e., exposed cases, exposed non-cases, 
unexposed cases, and unexposed non-cases) were pro-
vided [12, 21–27], we manually calculated the crude odds 
ratio (OR) and 95% Wald CI using the provided stan-
dard errors on the log scale [28]. The third reviewer con-
firmed the calculations and compared them with crude 
estimates from other studies to ensure our estimates fall 
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within the expected range. Since KC is rare, we assumed 
that OR approximates to risk ratios.

Quality assessment based on the Newcastle-Ottawa 
Quality Assessment scale
The quality of each study was assessed using a revised 
version of the Newcastle-Ottawa Quality Assessment 
scale aligned with our study purpose [29]. The revised 
scale assessed the quality of studies based on three 
aspects: (1) whether the KC occurrence was clinically 
or histologically ascertained; (2) whether the studies 
accounted for confounders (i.e., hypertension, smoking, 
body mass index (BMI), age, and sex); and (3) whether 
individual class of AHTN was identified. A sum score of 
≤ 7 and 8–10 was regarded as low to moderate-quality 
and high-quality, respectively. Detailed information on 
the scale is shown in Table S3.

Statistical analysis
This meta-analysis used random-effects models to cal-
culate pooled risk estimates (relative risk, RR) for the 
association between different classes of AHTN and KC 
risk, based on estimates that accounted for hyperten-
sion as well as those that did not. To investigate the pos-
sible influence of other factors on the pooled estimates 
and identify sources of heterogeneity, we performed 
subgroup analyses. These analyses included the follow-
ing factors: (1) outcome types (KC and RCC); (2) AHTN 
use assessment (medical records and self-reported data); 
(3) sex; (4) publication year (before and after 2000); (5) 
study designs (cohort and case‒control study); (6) esti-
mate types (hazard ratio and OR); (7) study quality (low-
moderate and high); and (8) geographical region of the 
study population (US/Canada, Europe/Middle East, and 
Asia/Australia). Considering the potential influence of 
hypertension in the subgroup analyses, we further con-
ducted the analyses using the estimates that accounted 
for hypertension when possible [30]. To assess whether 
the findings were consistent by BMI or smoking, which 
are also known as strong risk factors for KC in addition 
to hypertension, we summarized the pooled effectsesti-
mates stratified by studies that accounted for hyperten-
sion only and those that further adjusted for smoking or 
BMI.

To evaluate the relationships between the duration of 
AHTN use and KC risk, we performed analyses for each 
class of AHTN based on estimates that accounted for 
hypertension [31]. We determined the value of duration 
as the median length of each time period and displayed 
the corresponding estimate in a bubble plot. Bubble plots 
(a scatter plot weighted by standard error) were used to 
show the effect size (the natural log of RR) against the 
exposure duration. The size of each bubble reflected the 
study sample size, with larger bubbles indicating larger 

sample size. To evaluate the impact of publication bias, 
we used Begg’s funnel plot and Egger’s regression test 
[32, 33]. To address the potential issue of overlapping 
populations between studies or within a study involv-
ing multiple exposures, we stratified by AHTN class and 
applied random-effects models with robust variance 
estimation (RVE). The random-effects model accounts 
for both between-study and within-study variances, and 
RVE ensures consistent standard error estimates despite 
within-study correlations [34, 35]. Additionally, we con-
ducted two sensitivity analyses: (1) excluding nine over-
lapping studies using the same database within a similar 
study period [9, 10, 12, 21, 36–40] and (2) considering 
overlaps by AHTN class, retaining one study per class, 
and excluding overlapping studies with lower quality 
scores or smaller sample sizes, resulting in the exclusion 
of four studies on ARB and DU [37–40]. To determine 
the robustness of our results and assess the potential of 
underestimated heterogeneity due to highly influential 
studies, we also performed a leave-one-out sensitivity 
analysis [41]. We assessed the heterogeneity in estimates 
using the I2 statistic [42]. We defined statistical signifi-
cance as a two-tailed p value < 0.05. All data analyses 
were conducted using R Version 4.2.2.

Results
Characteristics of studies
This meta-analysis included a total of 39 observational 
studies (Figure S1). Of these studies, 24 were cohort 
studies, nested case‒control studies, and case-cohort 
studies, and 15 were case‒control studies. AHTN use 
was assessed using medical records in 24 studies and 
self-reports/surveys in 15 studies. Studies were derived 
from various populations in US/Canada (n = 19), Europe 
(n = 10), Middle East (n = 1), Asia (n = 8), and Austra-
lia (n = 1). Among all included studies, 33 accounted 
for hypertension using adjustment or matching (n = 18) 
and stratification or restriction by hypertension status 
(n = 15). The study quality assessment scores ranged from 
2 to 10 (Table 1 & Table S4).

Pooled effects of the overall analyses
The results from the overall analyses are shown in 
Table  2. We observed a significant pooled effect of an 
increased risk of KC for each class of AHTN (RR 1.29, 
95% CI 1.04–1.62 for ACEI; RR 1.18, 95% CI 1.04–1.35 
for ARB; RR 1.25, 95% CI 1.07–1.46 for BB, RR 1.44, 95% 
CI 1.20–1.72 for CCB; RR 1.42, 95% CI 1.31–1.54 for DU; 
and RR 1.50, 95% CI 1.22–1.86 for Any AHTN) com-
pared to no use.

Pooled effects of the stratified analyses
Stratified analyses were conducted, presenting pooled 
estimates from studies that accounted for hypertension 
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First author Pub-
lica-
tion 
year

Geograph-
ical region

Data 
collection 
period

Type of study Class of 
AHTN

Outcome Cases/participants Age 
(year)

Methods to 
account for 
hypertensiona

QS

Assimes, TL [54] 2008 Canada 1980–2003 NCC ACEI/ARB, 
BB, CCB

KC 11,697/77,887 71.8-case; 
71.7-con-
trol 
(mean)

A 8

Braun, S [23] 1998 Israel 1990–1993 Cohort CCB KC 13/11,575 45–74 N 3
Chang, PY [36] 2015 Taiwan 2000–2011 Cohort BB KC 26/24,238 ≥ 20 A 8
Chen, LC [37] 2024 Taiwan 2001–2016 Cohort DU RCC NA/17,212 ≥ 20 M, A 8
Cho, IJ [38] 2021 Korea 2005–2012 Cohort ACEI, ARB, 

BB, CCB, 
DU

KC 173/625,503 55.2 
(mean)

S 10

Chow, WH [56] 1995 US 1988–1990 CC DU, 
Non-DU

RCC 151/842 20–79 A 7

Chuang, YW [9] 2017 Taiwan 2005–2011 NCC ACEI, ARB, 
CCB, DU

KC 8,337/32,167 ≥ 20 S 8

Colt, JS [10] 2017 US 2002–2007 CC ACEI, BB, 
CCB, DU

RCC 1,217/2,452 20–79 S 7

Colt, JS [21] 2011 US 2002–2007 CC Any AHTN RCC 1,201/2,427 20–79 S 6
Finkle, WD [56] 1993 US 1980–1989 CC DU RCC 191/382 59.6-case; 

59.7-con-
trol 
(mean)

A 10

Flaherty, KT [57] 2005 US 1976–
2000/ 
1986–1998

Cohort DU RCC 265/167,144 42.4-NHS; 
54-HPFS 
(mean)

A 6

Fraser, GE [58] 1990 US 1977–1982 Cohort Any AHTN RCC 14/34,198 72.3 
(mean)

A 5

Friedman, GD 
[59]

2009 US 1994–2006 NCC ACEI, CCB, 
DU

KC 572/630,311 NA S 7

Fryzek, JP [60] 2005 Denmark 1989–2002 Cohort ACEI, ARB, 
BB, CCB, 
DU, Any 
AHTN

RCC 330/113,298 NA N 6

Hiatt, RA [61] 1994 US 1964–1989 CC DU RCC 257/514 50.7 
(mean)

A 10

Hole, DJ [62] 1998 UK 1980–1995 Cohort CCB KC 15/5,207 51.7-M; 
52.0-W 
(mean)

N 6

Jeon, HL [39] 2022 Korea 2002–2015 Cohort ARB KC 16,047/1,550,734 ≥ 30 S 8
Jung, MH [40] 2021 Korea 2005–2012 Cohort ARB KC 744/293,962 ≥ 40 S 10
Jung, M [63] 2024 US 2007–2021 Cohort ACEI, ARB, 

CCB
KC 3,129/1,281,342 (1); 

1,985/747,202 (2); 
2,130/816,982 (3)d

58 (1); 
59 (2); 
59 (3)d 
(median)

S 7

Kim, CS [40] 2020 Korea 2009–2017 Cohort Any AHTN KC 11,083/9,746,445 ≥ 20 S 9
Kreiger, N [64] 1993 Canada 1986–1987 CC DU RCC 518/1,899 25–69 A 7
Kristensen, KB 
[11]

2020 Denmark 2000–2015 NCC ACEI, ARB, 
BB, CCB, 
DU

RCC 7,315/153,615 18–85 A 8

Lindgren, AM 
[65]

2005 Finland 1972–1996 Cohort Any AHTN KC 66/20,529 51-M; 
58-W 
(mean)

S 8

Mackenzie, IS 
[26]

2017 UK 1986–2013 Cohort DU RCC 136/222,225 NA A 10

Matsui, S [20] 2021 Japan 2008–2015 Cohort Any AHTN KC 120/65,086 40–69 A 7

Table 1  Characteristics of 39 studies that evaluated the associations between AHTN and kidney cancer incidence
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using any methods versus those that did not (Table  2). 
The pooled effects from estimates accounting for hyper-
tension are shown in Fig.  1. Compared to no use, ARB 
(RR 1.15, 95% CI 1.00-1.31), BB (RR 1.09, 95% CI 1.03–
1.16), CCB (RR 1.40, 95% CI 1.12–1.75), DU (RR 1.36, 
95% CI 1.20–1.55), and Any AHTN (RR 1.40, 95% CI 
1.13–1.75) were associated with an increased KC risk. 
Unlike other AHTN classes, ACEI did not show a statisti-
cally significant association with KC risk (RR 1.19, 95% 
CI 0.93–1.52).

In comparison, the pooled effects from estimates not 
accounting for hypertension showed stronger positive 
associations across all classes of AHTN (Table  2 and 
Figure S2). Compared to no use, ACEI (RR 1.66, 95% CI 
1.28–2.15), ARB (RR 1.51, 95% CI 1.45–1.58), BB (RR 

1.48, 95% CI 1.24–1.77), CCB (RR 1.75, 95% CI 1.20–1.26 
1), DU (RR 1.54, 95% CI 1.40–1.70), and Any AHTN (RR 
1.64, 95% CI 1.31–2.07) were associated with a higher KC 
risk.

The difference in pooled effects between the two strata 
from effect size estimates accounted for hypertension 
versus those that did not significant in ARB (p = 0.02), BB 
(p = 0.01), DU (p = 0.03), and Any AHTN (p = 0.04). Fur-
ther stratified analyses by individual methods accounting 
for hypertension showed similar trends.

Additional analyses
Similar pooled effects of AHTN use with an increased 
risk of KC were observed across predefined subgroups 
(Supplementary Materials, Table  5). In the analyses for 

First author Pub-
lica-
tion 
year

Geograph-
ical region

Data 
collection 
period

Type of study Class of 
AHTN

Outcome Cases/participants Age 
(year)

Methods to 
account for 
hypertensiona

QS

McCredie, M 
[27]

1992 Australia 1989–1990 CC Any AHTN, 
BB, DU

RCC 636/1,159 20–79 A 7

McLaughlin, 
JK [66]

1995 Europeb, US 1989–1991 CC DU, 
Non-DU

RCC 1,732/4,041 NA A 9

Mellemgaard, 
A [67]

1994 Denmark 1989–1992 CC ACEI, BB, 
CCB, DU, 
Any AHTN

RCC 368/764 NA A, S 8

Nayan, M [13] 2017 Canada 1997–2014 NCC ACEI, ARB, 
BB, CCB

KC 10,377/46,316 > 65 M, A 8

Prineas, RJ [25] 1997 US 1986–1993 Cohort DU RCC 62/35,192 55–69 S 7
Rosenberg, L 
[68]

1998 US 1976–1996 CC ACEI, BB, 
CCB

KC 279/9,385 40–69 N 6

Schouten, LJ 
[22]

2005 Netherlands 1986–1997 Case-cohort Any AHTN, 
BB, DU

RCC 337/4,774 NA S 8

Setiawan, VW 
[69]

2007 US 1993–2002 Cohort DU RCC 347/161,126 45–75 A 8

Shapiro, JA [70] 1999 US 1980–1995 CC ACEI, 
ARB, BB, 
CCB, DU, 
Non-DU

RCC 238/854 18–84 S 9

Weikert, S [45] 2008 Europec 1992–1998 Cohort Any AHTN RCC 250/296,638 25–90 A 7
Weinmann, S 
[14]

1994 US 1960–1991 CC BB, DU, 
Non-DU

RCC 206/498 36–85-M; 
26–82-W

S 8

Yu, MC [24] 1986 US 1975–1979 CC DU RCC 160/320 15–54 A, S 6
Yuan, JM [71] 1998 US 1986–1994 CC DU, Any 

AHTN, 
Non-DU

RCC 1,204/2,408 25–74 S 8

Zucchetto, A 
[72]

2007 Italy 1992–2004 CC Any AHTN RCC 767/2,301 62 
(median)

N 2

Abbreviations: ACEI, angiotensin converting enzyme inhibitors; AHTN, antihypertensive medications; ARB, angiotensin receptor blockers; BB, beta-blockers; CC, 
case‒control study; CCB, calcium-channel blockers; DU, diuretics; HPFS, health professionals’ follow-up study; KC, kidney cancer; M, men; NHS, nurses’ health study; 
QS, quality score; RCC, renal cell carcinoma; W, women
a Methods to account for hypertension: M, matching on hypertension; A, adjustment for hypertension; S, stratification/restriction to hypertensive status; N, no 
methods used to control hypertension
b Australia, Denmark, Germany, Sweden
c Denmark, France, Germany, Greece, Italy, Netherlands, Norway, Spain, Sweden, United Kingdom
d [1] Cohort included ARB vs. ACEI; [2] Cohort included dihydropyridine CCB vs. ACEI; and [3] Cohort included dihydropyridine CCB vs. ARB

Table 1  (continued) 
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ACEI, studies published before and after 2000 showed 
a significant difference (p for difference = 0.02), though 
both had null associations. In the analyses for ARB, the 
association of ARB use with KC risk was significantly 
different by sex (RR 1.25, 95% CI 1.15–1.36 for females 
and RR 1.33, 95% CI 1.23–1.43 for males; p = 0.02). Addi-
tionally, pooled estimates from studies with higher qual-
ity score showed a significant association of ARB with 
an increased risk of KC, while studies of lower quality 

showed no such association (p < 0.01). In the analyses for 
CCB, studies published after 2000 produced a significant 
positive pooled RR, while those published before 2000 
showed a null RR (studies published after 2000 versus 
before 2000: RR 1.41, 95% CI 1.12–1.76 versus RR 0.92, 
95% CI 0.29–2.94; p = 0.02).

After accounting for smoking or BMI in addition to 
hypertension, similar trends were shown across different 
classes of AHTN (Supplementary Materials, Table 6).

Table 2  Pooled associations between AHTN and kidney cancer by various methods used to account for hypertension
AHTN Strata No. of 

estimatesa
No. of 
studies

Pooled RR (95% 
CI)

P I2 value P for dif-
ferenceb

ACEI Overall 18 11 1.29 (1.04–1.62) 0.03 89.58
None 7 5 1.66 (1.28–2.15) 0.03 < 0.01 0.07
Any methods 11 8 1.19 (0.93–1.52) 0.12 91.15
  Matching/Adjustment for HTN 5 4 1.21 (0.93–1.57) 0.07 0.89
  Stratified/Restricted to HTN population 5 4 1.23 (0.67–2.25) 0.30 93.74
  Stratified/Restricted to non-HTN population 1 1 0.90 (0.29–2.80) 0.86 -

ARB Overall 10 8 1.18 (1.04–1.35) 0.03 85.50
None 2 2 1.51 (1.45–1.58) 0.01 < 0.01 0.02
Any methods 8 7 1.15 (1.00-1.31) 0.05 74.02
  Matching/Adjustment for HTN 2 2 1.13 (1.02–1.25) 0.04 < 0.01
  Stratified/Restricted to HTN population 6 5 1.15 (0.87–1.51) 0.19 79.78
  Stratified/Restricted to non-HTN population 0 0 - - -

BB Overall 22 13 1.25 (1.07–1.46) 0.01 71.05
None 10 8 1.48 (1.24–1.77) 0.01 7.69 0.01
Any methods 12 9 1.09 (1.03–1.16) 0.03 0.01
  Matching/Adjustment for HTN 7 6 1.10 (0.99–1.21) 0.05 0.01
  Stratified/Restricted to HTN population 3 3 1.09 (1.05–1.13) 0.01 < 0.01
  Stratified/Restricted to non-HTN population 2 2 0.97 (0.01–65.80) 0.94 62.12

CCB Overall 23 14 1.44 (1.20–1.72) < 0.01 84.06
None 9 7 1.75 (1.20–2.56) 0.03 < 0.01 0.09
Any methods 14 9 1.40 (1.12–1.75) 0.01 88.30
  Matching/Adjustment for HTN 5 4 1.30 (0.93–1.81) 0.07 19.58
  Stratified/Restricted to HTN population 8 5 1.45 (0.98–2.14) 0.06 89.59
  Stratified/Restricted to non-HTN population 1 1 2.20 (0.90–5.39) 0.09 -

DU Overall 60 23 1.42 (1.31–1.54) < 0.01 84.95
None 21 14 1.54 (1.40–1.70) < 0.01 33.56 0.03
Any methods 39 21 1.36 (1.20–1.55) < 0.01 89.59
  Matching/Adjustment for HTN 17 12 1.38 (1.14–1.66) < 0.01 73.30
  Stratified/Restricted to HTN population 17 10 1.37 (1.04–1.80) 0.04 94.92
  Stratified/Restricted to non-HTN population 8 7 1.22 (0.83–1.81) 0.24 10.05

Any AH TN Overall 37 16 1.50 (1.22–1.86) < 0.01 77.62
None 15 11 1.64 (1.31–2.07) < 0.01 73.08 0.04
Any methods 22 12 1.40 (1.13–1.75) 0.01 77.44
  Matching/Adjustment for HTN 10 6 1.45 (0.86–2.42) 0.12 76.30
  Stratified/Restricted to HTN population 7 6 1.44 (0.86–2.42) 0.13 73.74
  Stratified/Restricted to non-HTN population 5 4 1.25 (0.69–2.24) 0.31 65.87

Abbreviations: ACEI, angiotensin converting enzyme inhibitors; AHTN, antihypertensive medications; ARB, angiotensin receptor blockers; BB, beta-blockers; CCB, 
calcium-channel blockers; DU, diuretics; HTN, hypertension; RR, relative risk
a To assess the independent effects of AHTN on KC risk from hypertension, we collected all available estimates based on the methods each contributing study used 
to account for hypertension: Any methods (matching, adjustment, or stratification/restriction) or none. For instance, we extracted both a crude estimate value and 
an adjusted value for hypertension from one study to compare with and without accounting for hypertension. To include all these values, we employed the robust 
variance estimate method with random effect models
b Compared any methods versus none
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Duration‒response analyses
The duration‒response analyses showed that AHTN use 
was associated with an increased the risk of KC by 2–6% 
with each additional year of AHTN use (ACEI: RR 1.04, 
95% CI 1.04–1.04; ARB: RR 1.06, 95% CI 1.05–1.06; BB: 
RR 1.02, 95% CI 1.01–1.02; and CCB: RR 1.04, 95% CI 
1.04–1.04), while DU and Any AHTN showed no signifi-
cant association (Table 3 and Figure S3). Similar results 
were shown after accounting for hypertension.

Publication bias assessment
Begg’s funnel plots showed a symmetric distribution, 
and Egger’s test was not statistically significant for each 
AHTN, implying that publication bias is unlikely in our 
meta-analysis (Fig. 2).

Sensitivity analysis
Two sensitivity analyses for potential overlapping popu-
lation issues (Table S7) and leave-one-out sensitivity 
analysis (Table S8) confirmed robustness.

Fig. 1  Forest plots of the associations between AHTN and kidney cancer accounting for hypertension. AHTN included (A) ACEI, (B) ARB, (C) BB, (D), 
CCB, (E) DU, and (F) Any AHTN. We found that significant pooled effects of ARB, BB, CCB, DU, and Any AHTN with an increased risk of KC, even after ac-
counting for hypertension. Multiple estimates were chosen in several cases according to sex (men or women; M or W), stratification by hypertensive or 
nonhypertensive population (HTN or nHTN), different drugs of CCB or DU (CCB1-2 or DU1-3), different cohorts (Cohort1-2), duration of medication use 
(Duration1-3), or different adjustment for hypertension using systolic or diastolic blood pressure (SBP or DBP). Abbreviation. ACEI, angiotensin convert-
ing enzyme inhibitors; AHTN, antihypertensive medications; ARB, angiotensin receptor blockers; BB, beta-blockers; CCB, calcium-channel blockers; CI, 
confidence interval; DU, diuretics
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Discussion
Our meta-analysis found that AHTN use was associ-
ated with a higher risk of KC, even after accounting for 
hypertension, with the highest risk for CCB and the low-
est for ACEI. By differentiating results based on whether 
hypertension was accounted for through matching, 
stratification/restriction, or statistical adjustment, our 
study ensures the associations between AHTN use and 
an increased KC risk are not solely driven by high blood 
pressure but may represent independent associations. 
Results when further accounting for smoking and BMI 
and those from duration‒response analysis and sensitiv-
ity analyses confirmed robustness.

Previous studies have supported our findings. In a pre-
vious meta-analysis, the use of ARB (RR 1.29, 95% CI 
1.22–1.37), CCB (RR 1.70, 95% CI 1.57–1.83), and DU 
(RR 1.35, 95% CI 1.17–1.54) were associated with an 
increased risk of KC [15]. In another meta-analysis, a 
similar result between DU and KC risk was observed (RR 
1.34, 95% CI 1.13–1.58) [43]. However, they have several 
limitations. First, despite the availability of various meth-
ods to control confounders [44], they addressed hyper-
tension only through adjustment method and subgroup 
analyses, not in the main analysis. Their main findings 
might still be confounded by hypertension. Second, they 
disregarded potential dependencies: (1) multiple esti-
mates from a single study, such as several non-exclusive 
exposures assessed within the same population, shared 
comparison groups, or repeated measures over time; and 
(2) dependencies between studies using the same data-
base, potentially sharing the same population. Ignoring 
these dependencies can distort standard errors, inflating 
Type 1 error rates and misrepresenting confidence inter-
vals [34, 35]. 

In contrast, we addressed potential confounding effects 
of hypertension using various methods, including match-
ing and stratification/restriction in addition to adjust-
ment. In addition, we applied the random-effects models 
with RVE to account for the intra- and inter-study depen-
dencies. Our study is the most comprehensive to date, 
incorporating recent research, particularly highlight-
ing novel findings that present pooled results based on 

estimates with and without accounting for hypertension. 
AHTN use was significantly associated with a 48–75% 
increased risk of KC when not accounting for hyperten-
sion, which attenuated to 9–40% but remained significant 
when hypertension was accounted for. The increased 
risks indicate that the KC risk associated with AHTN use 
may be independent of hypertension. Notably, this atten-
uation suggests that hypertension itself still plays a key 
role in KC risk, and residual confounding cannot be ruled 
out. Among different classes of AHTN, CCB showed the 
strongest association with KC risk, while ACEI showed 
the lowest (null association). Additionally, duration-
response analyses showed a significant 2–6% increase in 
KC risk for each additional year of prolonged AHTN use, 
except for DU and Any AHTN. These findings emphasize 
the need for close monitoring of patients on lifelong ther-
apy and careful risk-benefit assessments.

Significant differences were observed by publication 
year for ACEI and CCB, and by sex and quality score 
for ARB, suggesting potential sources of heterogeneity 
in our meta-analysis. Higher quality and recently pub-
lished studies strengthened the robustness of our results. 
In male ARB users, the association with an increased 
KC risk was stronger than in females, though both 
showed elevated risks. Pooled estimates remained con-
sistent across outcome types, drug exposure assessment 
methods, study designs, estimate types, or geographical 
regions, confirming the validity of the main results. Sub-
group analyses for obesity and smoking history were not 
feasible due to limited data, but stratified analyses with 
adjusting for these factors confirmed robustness.

Despite this potential harm, adherence to AHTN 
treatment remains clinically important, as the impact 
of hypertension on the risk of KC has been known to 
be greater than that attributed to AHTN use [6, 12, 45]. 
High blood pressure increased KC risk by approximately 
2.5-fold compared to low blood pressure [45] and showed 
a dose-dependent relationship for 8 years of follow-up 
[12]. Our findings, showing the attenuation of risk esti-
mates after accounting for hypertension, also support 
this. Thus, it is important to ensure that optimal blood 
pressure control remains the primary focus, with an 

Table 3  Duration-response relationships between one-year increments in AHTN exposure and kidney cancer risk
No. of Estimates No. of studies Pooled RR (95% CI) 

including all estimates
P Pooled RR (95% CI) based on 

estimates thataccounted for 
hypertension

P

ACEI 13 2 1.04 (1.04–1.04) < 0.01 1.04 (1.04–1.04) < 0.01
ARB 15 2 1.06 (1.05–1.06) < 0.01 1.06 (1.05–1.06) < 0.01
BB 17 3 1.02 (1.00-1.04) 0.05 1.02 (1.01–1.02) < 0.01
CCB 23 3 1.04 (1.04–1.04) < 0.01 1.04 (1.04–1.04) < 0.01
DU 43 8 1.01 (0.97–1.05) 0.48 1.01 (0.97–1.06) 0.33
Any AHTN 14 4 1.01 (0.96–1.07) 0.26 1.02 (0.92–1.12) 0.41
Abbreviation. ACEI, angiotensin converting enzyme inhibitors; AHTN, antihypertensive medications; ARB, angiotensin receptor blockers; BB, beta-blockers; CCB, 
calcium-channel blockers; DU, diuretics; RR, relative risk
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awareness of any potential risks associated with long-
term AHTN use.

Our findings indicate that KC risks vary across dif-
ferent AHTN classes. This suggests that selecting the 
appropriate AHTN is crucial and could be a modifiable 
factor. The cautious use of CCB, particularly for long-
term treatment, is recommended due to associated risks. 
For clinicians managing high-risk patients, such as those 
with hypertension, obesity, or a smoking history, ACEI 

may be a preferable treatment option unless specific con-
traindications exist. ACEI has shown minimal to no asso-
ciation with increased KC risk, suggesting it is potentially 
a safer option for these patients. Understanding patients’ 
absolute risks of KC with and without AHTN use, as well 
as their cardiovascular disease risk is crucial to balance 
the benefits and potential harms of AHTN therapy. Fur-
ther clinical trials, prospective studies, and the devel-
opment of risk prediction models are needed to guide 

Fig. 2  Begg’s funnel plots with Egger’s regression tests to assess potential publication bias. For each AHTN (A-F), publication bias is unlikely in our 
meta-analysis. Abbreviation. ACEI, angiotensin converting enzyme inhibitors; ARB, angiotensin receptor blocker; BB, beta-blocker; CCB, calcium-channel 
blocker; DU, diuretic
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personalized AHTN therapy, ensuring cardiovascular 
benefits while addressing KC concerns.

Although the carcinogenic pathogenesis of AHTN in 
KC development has not yet been established, several 
plausible mechanisms have been proposed. As each class 
of AHTN displays distinct mechanisms of action, each 
may affect KC risk differently. To date, DU shows strong 
evidence for kidney tumorigenesis, potentially convert-
ing to a mutagenic nitroso derivative in the stomach 
[18], acting as a carcinogen in renal tubular cells [46], 
and causing cellular hypertrophy of the proximal tubules 
after potassium depletion [47]. Studies on rodents and 
renal biopsies from exposed patients show evidence of 
developing renal adenomas and nephropathy [48], and 
renal interstitial fibrosis and inflammation [49]. CCB may 
affect cancer cell differentiation by modulating intracel-
lular calcium levels, which regulates various cellular pro-
cesses, including signal transduction, gene expression, 
and cell cycle progression [17, 50]. Alteration of calcium 
levels may inhibit apoptosis, allowing damaged cells to 
survive longer than they would in a normal, healthy sys-
tem, and increasing tumorigenesis risk [17, 51]. ARB may 
promote carcinogenesis through upregulation of angio-
tensin II type 2 receptor (AT2R) when AT1R is blocked, 
leading to cellular proliferation, migration, and fibrosis 
[16]. ACEI may facilitate KC development by increas-
ing bradykinin levels, which are associated with inflam-
mation and immune response, potentially influencing 
tumor progression [52]. In contrast, ACEI and ARB may 
also have anticancer effects by downregulating vascular 
endothelial growth factor-mediated angiogenesis; ACEI 
reduces angiotensin II levels, and ARB blocks AT1R. This 
leads to inhibition of cellular proliferation, migration, 
and angiogenesis, potentially limiting tumor growth and 
progression [53]. The balance between these mechanisms 
of ACEI and ARB related to KC is complex, multifaceted, 
and not yet fully understood. There is limited evidence 
on the role of BB in renal carcinogenesis.

We have several limitations. First, although subgroup 
analyses suggested potential sources of heterogeneity 
(e.g., sex, publication year) but did not fully explain it. 
This is possibly due to differences in study designs, meth-
ods, study populations (e.g., diverse races/ethnicities), 
and healthcare practices and systems. Variations may 
also result from how several confounders (e.g., compel-
ling indications for AHTN use, hypertension severity, 
genetic predispositions, or lifestyle factors) were handled. 
Future prospective studies or Mendelian randomiza-
tion studies addressing these confounders are needed. 
Second, limited data prevented analysis by diuretic sub-
types (e.g., thiazide, loop, and potassium-sparing) [9, 48], 
hypertension duration, different AHTN treatment regi-
mens (dosage, multitherapy), which may indicate severe 
hypertension or other underlying conditions and could 

provide more detailed outcomes. Third, since our find-
ings are from observational studies, they are subject to 
limitations such as residual confounding, selection bias, 
reverse causation, and the inability to establish causality. 
In addition, one study was excluded for being written in a 
non-English language, and we believe language bias will 
be minimal.

Conclusions
This meta-analysis, including 39 observational stud-
ies, found that AHTN use was associated with an 
increased risk of KC, even after accounting for hyper-
tension, though residual confounding cannot be ruled 
out. Among AHTN classes, CCB showed the highest 
increased risk of KC, while ACEI use showed no signifi-
cant association. These findings were further supported 
by duration-response relationships. Our findings high-
light the potential KC risks associated with AHTN use, 
with optimal cardiovascular care remaining an important 
consideration.

Abbreviations
AHTN	� Antihypertensive medication
ACEI	� Angiotensin-converting enzyme inhibitor
ARB	� Angiotensin receptor blocker
AT1R	� Angiotensin II type 1 receptor
AT2R	� Angiotensin II type 2 receptor
BB	� Beta-blocker
BMI	� Body mass index
CCB	� Calcium channel blocker
CI	� Confidence interval
DU	� Diuretic
KC	� Kidney cancer
OR	� Odds ratio
RCC	� Renal cell carcinoma
RR	� Relative risk
RVE	� Robust variance estimation

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​8​8​5​-​0​2​5​-​1​4​4​0​6​-​3.

Supplementary Material 1

Acknowledgements
Not applicable.

Author contributions
MJ: Conceptualization, review of articles, extraction of estimates from articles, 
quality assessment of articles, data analysis, investigation, methodology, 
visualization, writing-original draft, writing-review, and editing. ML: Review of 
articles, extraction of estimates from articles, quality assessment of articles, 
data analysis, investigation, methodology, visualization, writing-review, and 
editing. JS: writing-review and editing. BC: Conceptualization, supervision, 
funding acquisition, writing-review, and editing. ML: Conceptualization, 
supervision, investigation, review of articles, methodology, writing-review, and 
editing.

Funding
Not applicable. No funding or other financial support was received.

https://doi.org/10.1186/s12885-025-14406-3
https://doi.org/10.1186/s12885-025-14406-3


Page 11 of 12Jung et al. BMC Cancer         (2025) 25:1013 

Data availability
The information of datasets used for the current meta-analysis are available 
from the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 18 October 2023 / Accepted: 28 May 2025

References
1.	 National Cancer Institute. Surveillance, Epidemiology, and End Results Pro-

gram. Cancer Stat Facts: Kidney and Renal Pelvis Cancer. Available at: ​h​t​t​p​​s​:​/​​/​s​
e​e​​r​.​​c​a​n​​c​e​r​​.​g​o​v​​/​s​​t​a​t​​f​a​c​​t​s​/​h​​t​m​​l​/​k​i​d​r​p​.​h​t​m​l. Accessed May 29, 2023.

2.	 National Cancer Institute. Annual Report to the Nation 2022: Overall Cancer 
Statistics. Surveillance, Epidemiology, and End Results Program. Available at: ​
h​t​t​p​​s​:​/​​/​s​e​e​​r​.​​c​a​n​​c​e​r​​.​g​o​v​​/​r​​e​p​o​​r​t​_​​t​o​_​n​​a​t​​i​o​n​/​s​t​a​t​i​s​t​i​c​s​.​h​t​m​l. Accessed June 23, 
2023.

3.	 Kim SH, Park B, Hwang EC, Hong S, Jeong CW, Kwak C, et al. Retrospec-
tive multicenter long-term follow-up analysis of prognostic risk factors for 
recurrence-free, metastasis-free, cancer-specific, and overall survival after 
curative nephrectomy in non-metastatic renal cell carcinoma. Front Oncol. 
2019;9:859.

4.	 National Cancer Institute. Financial Burden of Cancer Care. Cancer Trends 
Progress Report. 2022; Available at: ​h​t​t​p​s​:​​​/​​/​p​r​o​g​r​​e​s​s​​r​e​p​​o​r​​t​​.​c​​a​n​c​​e​​r​.​​g​​o​v​​/​a​​f​t​​e​r​/​e​
c​o​n​o​​m​i​c​_​b​u​r​d​e​n. Accessed June 23, 2023.

5.	 Arnett DK, Blumenthal RS, Albert MA, Buroker AB, Goldberger ZD, Hahn EJ, 
et al. 2019 ACC/AHA guideline on the primary prevention of cardiovascular 
disease: a report of the American college of cardiology/american heart 
association task force on clinical practice guidelines. J Am Coll Cardiol. 
2019;74(10):e177–232.

6.	 Motzer RJ, Jonasch E, Agarwal N, Alva A, Baine M, Beckermann K, et al. Kidney 
cancer, version 3.2022, Nccn clinical practice guidelines in oncology. J Natl 
Compr Canc Netw. 2022;20(1):71–90.

7.	 Dinh QN, Drummond GR, Sobey CG, Chrissobolis S. Roles of inflammation, 
oxidative stress, and vascular dysfunction in hypertension. Biomed Res Int. 
2014;2014(1):406960.

8.	 Haase VH. Inflammation and hypoxia in the kidney: friends or foes? Kidney 
Int. 2015;88(2):213–5.

9.	 Chuang Y, Yu M, Huang S, Yang C, Chen C, Lo Y, et al. Spironolactone and the 
risk of urinary tract cancer in patients with hypertension: a nationwide popu-
lation-based retrospective case–control study. J Hypertens. 2017;35(1):170–7.

10.	 Colt JS, Hofmann JN, Schwartz K, Chow W, Graubard BI, Davis F, et al. Antihy-
pertensive medication use and risk of renal cell carcinoma. Cancer Causes 
Control. 2017;28(4):289–97.

11.	 Kristensen KB, Habel LA, Gagne JJ, Friis S, Andersen KK, Hallas J, et al. Risk of 
renal cell carcinoma associated with calcium channel blockers: A nationwide 
observational study focusing on confounding by indication. Epidemiology. 
2020;31(6):860–71.

12.	 Kim CS, Han K, Choi HS, Bae EH, Ma SK, Kim SW. Association of hypertension 
and blood pressure with kidney cancer risk: a nationwide population-based 
cohort study. Hypertension. 2020;75(6):1439–46.

13.	 Nayan M, Juurlink DN, Austin PC, Macdonald EM, Finelli A, Kulkarni GS, et 
al. Medication use and kidney cancer risk: A population-based study. Eur J 
Cancer. 2017;83:203–10.

14.	 Weinmann S, Glass AG, Weiss NS, Psaty BM, Siscovick DS, White E. Use of 
diuretics and other antihypertensive medications in relation to the risk of 
renal cell cancer. Am J Epidemiol. 1994;140(9):792–804.

15.	 Xie Y, Xu P, Wang M, Zheng Y, Tian T, Yang S, et al. Antihypertensive medica-
tions are associated with the risk of kidney and bladder cancer: a systematic 
review and meta-analysis. Aging. 2020;12(2):1545.

16.	 Walther T, Menrad A, Orzechowski H, Siemeister G, Paul M, Schirner M. Dif-
ferential regulation of in vivo angiogenesis by angiotensin II receptors. FASEB 
J. 2003;17(14):2061–7.

17.	 Whitfield JF. Calcium signals and cancer. Crit Rev Oncog. 1992;3(1–2):55–90.
18.	 Gold B, Mirvish SS. N-Nitroso derivatives of hydrochlorothiazide, niridazole, 

and tolbutamide. Toxicol Appl Pharmacol. 1977;40(1):131–6.
19.	 Asar SH, Jalalpour SH, Ayoubi F, Rahmani MR, Rezaeian M. PRISMA; preferred 

reporting items for systematic reviews and meta-analyses. J Rafsanjan Univ 
Med Sci. 2016;15(1):68–80.

20.	 Matsui S, Sobue T, Zha L, Kitamura T, Sawada N, Iwasaki M, et al. Long-term 
antihypertensive drug use and risk of cancer: the Japan public health Center‐
based prospective study. Cancer Sci. 2021;112(5):1997–2005.

21.	 Colt JS, Schwartz K, Graubard BI, Davis F, Ruterbusch J, DiGaetano R et al. 
Hypertension and risk of renal cell carcinoma among white and black Ameri-
cans. Epidemiology 2011:797–804.

22.	 Schouten LJ, van Dijk BA, Oosterwijk E, Hulsbergen-van de Kaa CA, Kiemeney 
LA, Goldbohm RA, et al. Hypertension, antihypertensives and mutations in 
the von Hippel–Lindau gene in renal cell carcinoma: results from the Nether-
lands cohort study. J Hypertens. 2005;23(11):1997–2004.

23.	 Braun S, Boyko V, Behar S, Reicher-Reiss H, Laniado S, Kaplinsky E, et al. 
Calcium channel blocking agents and risk of cancer in patients with coronary 
heart disease. J Am Coll Cardiol. 1998;31(4):804–8.

24.	 Yu MC, Mack TM, Hanisch R, Cicioni C, Henderson BE. Cigarette smoking, 
obesity, diuretic use, and coffee consumption as risk factors for renal cell 
carcinoma. J Natl Cancer Inst. 1986;77(2):351–6.

25.	 Prineas RJ, Folsom AR, Zhang ZM, Sellers TA, Potter J. Nutrition and other risk 
factors for renal cell carcinoma in postmenopausal women. Epidemiology. 
1997;8(1):31–6.

26.	 Mackenzie IS, Morant SV, Wei L, Thompson AM, MacDonald TM. Spironolac-
tone use and risk of incident cancers: a retrospective, matched cohort study. 
Br J Clin Pharmacol. 2017;83(3):653–63.

27.	 McCredie M, Stewart JH. Risk factors for kidney cancer in new South wales, 
australia. II. Urologic disease, hypertension, obesity, and hormonal factors. 
Cancer Causes Control. 1992;3:323–31.

28.	 Greenland S, Thomas DC, Morgenstern H. The rare-disease assumption 
revisited. A critique of estimators of relative risk for case-control studies. Am J 
Epidemiol. 1986;124(6):869–83.

29.	 Luchini C, Stubbs B, Solmi M, Veronese N. Assessing the quality of studies in 
meta-analyses: advantages and limitations of the Newcastle Ottawa scale. 
World J Meta-Analysis. 2017;5(4):80–4.

30.	 Stanley TD, Jarrell SB. Meta-regression analysis: a quantitative method of 
literature surveys. J Economic Surveys. 2005;19(3):299–308.

31.	 Greenland S, Longnecker MP. Methods for trend Estimation from summarized 
dose-response data, with applications to meta-analysis. Am J Epidemiol. 
1992;135(11):1301–9.

32.	 Egger M, Smith GD, Schneider M, Minder C. Bias in meta-analysis detected by 
a simple, graphical test. BMJ. 1997;315(7109):629–34.

33.	 Macaskill P, Walter SD, Irwig L. A comparison of methods to detect publica-
tion bias in meta-analysis. Stat Med. 2001;20(4):641–54.

34.	 Tipton E. Small sample adjustments for robust variance Estimation with 
meta-regression. Psychol Methods. 2015;20(3):375.

35.	 Hedges LV, Tipton E, Johnson MC. Robust variance Estimation in meta-
regression with dependent effect size estimates. Res Synthesis Methods. 
2010;1(1):39–65.

36.	 Chang P, Huang W, Lin C, Huang T, Wu Y, Chen J et al. Propranolol reduces 
cancer risk: a population-based cohort study. Medicine 2015;94(27).

37.	 Chen L, Yang H, Yu B, Lee M, Lin H, Chiou W, et al. Association of spirono-
lactone use with risk of urinary tract cancer in the general population: A 
matched population-based cohort study. PLoS ONE. 2024;19(3):e0300391.

38.	 Cho I, Shin J, Jung M, Kang CY, Hwang J, Kwon CH, et al. Antihyperten-
sive drugs and the risk of cancer: a nationwide cohort study. J Clin Med. 
2021;10(4):771.

39.	 Jeon H, Lee SH, Nam JH, Shin J. Cancer risk associated with the use of Valsar-
tan in korea: A nationwide cohort study. Cancer Epidemiol. 2022;80:102245.

40.	 Jung M, Lee J, Lee CJ, Shin J, Kang SH, Kwon CH, et al. Effect of angiotensin 
receptor blockers on the development of cancer: a nationwide cohort study 
in Korea. J Clin Hypertens. 2021;23(4):879–87.

41.	 von Hippel PT. The heterogeneity statistic I2 can be biased in small meta-
analyses. BMC Med Res Methodol. 2015;15(1):1–8.

42.	 Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in 
meta-analyses. BMJ. 2003;327(7414):557–60.

https://seer.cancer.gov/statfacts/html/kidrp.html
https://seer.cancer.gov/statfacts/html/kidrp.html
https://seer.cancer.gov/report_to_nation/statistics.html
https://seer.cancer.gov/report_to_nation/statistics.html
https://progressreport.cancer.gov/after/economic_burden
https://progressreport.cancer.gov/after/economic_burden


Page 12 of 12Jung et al. BMC Cancer         (2025) 25:1013 

43.	 Corrao G, Scotti L, Bagnardi V, Sega R. Hypertension, antihypertensive therapy 
and renal-cell cancer: a meta-analysis. Curr Drug Saf. 2007;2(2):125–33.

44.	 Jager KJ, Zoccali C, Macleod A, Dekker FW. Confounding: what it is and how 
to deal with it. Kidney Int. 2008;73(3):256–60.

45.	 Weikert S, Boeing H, Pischon T, Weikert C, Olsen A, Tjonneland A, et al. Blood 
pressure and risk of renal cell carcinoma in the European prospective investi-
gation into cancer and nutrition. Am J Epidemiol. 2008;167(4):438–46.

46.	 Grossman E, Messerli FH, Goldbourt U. Does diuretic therapy increase the risk 
of renal cell carcinoma? Am J Cardiol. 1999;83(7):1090–3.

47.	 Walsh-Reitz MM, Toback FG. Kidney epithelial cell growth is stimulated 
by Lowering extracellular potassium concentration. Am J Physiology-Cell 
Physiol. 1983;244(5):C429–32.

48.	 Lijinsky W, Reuber MD. Pathologic effects of chronic administration of 
hydrochlorothiazide, with and without sodium nitrite, to F344 rats. Toxicol Ind 
Health. 1987;3(3):413–22.

49.	 Riemenschneider TH, Bohle A. Morphologic aspects of low-potassium and 
low-sodium nephropathy. Clin Nephrol. 1983;19(6):271–9.

50.	 Furberg CD, Pahor M, Psaty BM. The unnecessary controversy. Eur Heart J. 
1996;17(8):1142–7.

51.	 Trump BF, Berezesky IK. Calcium-mediated cell injury and cell death. FASEB J. 
1995;9(2):219–28.

52.	 Sobczuk P, Szczylik C, Porta C, Czarnecka AM. Renin angiotensin system 
deregulation as renal cancer risk factor. Oncol Lett. 2017;14(5):5059–68.

53.	 Miyajima A, Kikuchi E, Kosaka T, Oya M. Angiotensin II type 1 receptor antago-
nist as an angiogenic inhibitor in urogenital cancer. Rev Recen Clin Trial. 
2009;4(2):75–8.

54.	 Assimes TL, Elstein E, Langleben A, Suissa S. Long-term use of anti-
hypertensive drugs and risk of cancer. Pharmacoepidemiol Drug Saf. 
2008;17(11):1039–49.

55.	 Chow W, McLaughlin JK, Mandel JS, Wacholder S, Niwa S, Fraumeni JF Jr. Risk 
of renal cell cancer in relation to diuretics, antihypertensive drugs, and hyper-
tension. Cancer epidemiology, biomarkers & prevention: a publication of 
the American association for Cancer research, cosponsored by the American 
society of. Prev Oncol. 1995;4(4):327–31.

56.	 Finkle WD, McLaughlin JK, Rasgon SA, Yeoh HH, Low JE. Increased risk of 
renal cell cancer among women using diuretics in the united States. Cancer 
Causes Control. 1993;4:555–8.

57.	 Flaherty KT, Fuchs CS, Colditz GA, Stampfer MJ, Speizer FE, Willett WC, et 
al. A prospective study of body mass index, hypertension, and smoking 
and the risk of renal cell carcinoma (United States). Cancer Causes Control. 
2005;16:1099–106.

58.	 Fraser GE, Phillips RL, Beeson WL. Hypertension, antihypertensive medica-
tion and risk of renal carcinoma in California Seventh-Day Adventists. Int J 
Epidemiol. 1990;19(4):832–8.

59.	 Friedman GD, Udaltsova N, Chan J, Quesenberry CP, Habel LA. Screening 
pharmaceuticals for possible carcinogenic effects: initial positive results for 
drugs not previously screened. Cancer Causes Control. 2009;20:1821–35.

60.	 Fryzek JP, Poulsen AH, Johnsen SP, McLaughlin JK, Sørensen HT, Friis S. A 
cohort study of antihypertensive treatments and risk of renal cell cancer. Br J 
Cancer. 2005;92(7):1302–6.

61.	 Hiatt RA, Tolan K, Quesenberry CP. Renal cell carcinoma and Thiazide use: 
a historical, case-control study (California, USA). Cancer Causes Control. 
1994;5:319–25.

62.	 Hole DJ, Gillis CR, McCallum IR, McInnes GT, MacKinnon PL, Meredith PA, et al. 
Cancer risk of hypertensive patients taking calcium antagonists. J Hypertens. 
1998;16(1):119–24.

63.	 Jung M, Li S, Deng Z, Li J, Li M, Basran S, et al. Calcium channel blocker versus 
Renin–Angiotensin system inhibitor in risk of kidney Cancer among patients 
with hypertension: A propensity Score-Matched cohort study. Cancer Med. 
2024;13(22):e70429.

64.	 Kreiger N, Marrett LD, Dodds L, Hilditch S, Darlington GA. Risk factors for renal 
cell carcinoma: results of a population-based case-control study. Cancer 
Causes Control. 1993;4:101–10.

65.	 Lindgren AM, Nissinen AM, Tuomilehto JO, Pukkala E. Cancer pattern 
among hypertensive patients in North karelia, Finland. J Hum Hypertens. 
2005;19(5):373–9.

66.	 McLaughlin JK, Chow WH, Mandel JS, Mellemgaard A, McCredie M, Lindblad 
P, et al. International renal-cell cancer study. VIII. Role of diuretics, other anti‐
hypertensive medications and hypertension. Int J Cancer. 1995;63(2):216–21.

67.	 Mellemgaard A, Niwa S, Mehl ES, Engholm G, McLAUGHLIN JK, OLSEN JH. Risk 
factors for renal cell carcinoma in denmark: role of medication and medical 
history. Int J Epidemiol. 1994;23(5):923–30.

68.	 Rosenberg L, Rao RS, Palmer JR, Strom BL, Stolley PD, Zauber AG, et al. Cal-
cium channel blockers and the risk of cancer. JAMA. 1998;279(13):1000–4.

69.	 Setiawan VW, Stram DO, Nomura AM, Kolonel LN, Henderson BE. Risk 
factors for renal cell cancer: the multiethnic cohort. Am J Epidemiol. 
2007;166(8):932–40.

70.	 Shapiro JA, Williams MA, Weiss NS, Stergachis A, LaCroix AZ, Barlow WE. 
Hypertension, antihypertensive medication use, and risk of renal cell carci-
noma. Am J Epidemiol. 1999;149(6):521–30.

71.	 Yuan JM, Castelao JE, Gago-Dominguez M, Ross RK, Yu MC. Hypertension, 
obesity and their medications in relation to renal cell carcinoma. Br J Cancer. 
1998;77(9):1508–13.

72.	 Zucchetto A, Dal Maso L, Tavani A, Montella M, Ramazzotti V, Talamini R, et al. 
History of treated hypertension and diabetes mellitus and risk of renal cell 
cancer. Ann Oncol. 2007;18(3):596–600.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Association between antihypertensive medication use and kidney cancer risk: a meta-analysis accounting for hypertension
	﻿Abstract
	﻿Background
	﻿Method
	﻿Study eligibility criteria
	﻿Search strategy
	﻿Analysis design and data extraction
	﻿Quality assessment based on the Newcastle-Ottawa Quality Assessment scale
	﻿Statistical analysis

	﻿Results
	﻿Characteristics of studies
	﻿Pooled effects of the overall analyses
	﻿Pooled effects of the stratified analyses
	﻿Additional analyses
	﻿Duration﻿‒﻿response analyses
	﻿Publication bias assessment
	﻿Sensitivity analysis

	﻿Discussion
	﻿Conclusions
	﻿References


