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ABSTRACT

BACKGROUND Pharmacologic blood pressure (BP) lowering is typically a lifelong treatment, and both clinicians and
patients may have concerns about the long-term use of antihypertensive agents and the risk for cancer. However,
evidence from randomized controlled trials (RCTs) regarding the effect of long-term pharmacologic BP lowering on the
risk for new-onset cancer is limited, with most knowledge derived from observational studies.

OBJECTIVES The aim of this study was to assess whether long-term BP lowering affects the risk for new-onset cancer,
cause-specific cancer death, and selected site-specific cancers.

METHODS Individual-level data from 42 RCTs were pooled using a one-stage individual participant data meta-analysis.
The primary outcome was incident cancer of all types, and secondary outcomes were cause-specific cancer death and
selected site-specific cancers. Prespecified subgroup analyses were conducted to assess the heterogeneity of the
BP-lowering effect by baseline variables and over follow-up time. Cox proportional hazards regression, stratified by trial,
was used for the statistical analysis. For site-specific cancers, analyses were complemented with Mendelian randomi-
zation, using naturally randomized genetic variants associated with BP lowering to mimic the design of a long-term RCT.

RESULTS Data from 314,016 randomly allocated participants without known cancer at baseline were analyzed. Over a
median follow-up of 4 years (Q1-Q3: 3-5 years), 17,954 participants (5.7%) developed cancer, and 4,878 (1.5%) died of
cancer. In the individual participant data meta-analysis, no associations were found between reductions in systolic or
diastolic BP and cancer risk (HR per 5 mm Hg reduction in systolic BP: 1.03 [95% Cl: 0.99-1.06]; HR per 3 mm Hg
reduction in diastolic BP: 1.03 [95% Cl: 0.98-1.07]). No changes in relative risk for incident cancer were observed over
follow-up time, nor was there evidence of heterogeneity in treatment effects across baseline subgroups. No effect on
cause-specific cancer death was found. For site-specific cancers, no evidence of an effect was observed, except a possible
link with lung cancer risk (HR for systolic BP reduction: 1.17; 99.5% Cl: 1.02-1.32). Mendelian randomization studies
showed no association between systolic or diastolic BP reduction and site-specific cancers, including overall lung cancer
and its subtypes.

CONCLUSIONS Randomized data analysis provided no evidence to indicate that pharmacologic BP lowering has a
substantial impact, either increasing or decreasing, on the risk for incident cancer, cause-specific cancer death, or selected
site-specific cancers. (JACC CardioOncol. 2025;7:609-623) © 2025 Published by Elsevier on behalf of the American
College of Cardiology Foundation. This is an open access article under the CC BY IGO license (http://creativecommons.org/
licenses/by/3.0/igo/).
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ABBREVIATIONS
AND ACRONYMS

BPLTTC = Blood Pressure
Lowering Treatment Trialists’
Collaboration

GWAS = genome-wide
association study(ies)

IPD = individual participant
data

RCT = randomized controlled
trial
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ypertension, which requires long-
term pharmacologic blood
pressure-lowering treatment, is
the most commonly observed coexisting con-
dition in patients with cancer." There has
been a long-standing debate about the effect
of antihypertensive drugs on cancer risk, but
a large-scale meta-analysis of individual
participant data (IPD) has largely dismissed
any detrimental impacts of antihypertensive
drug classes on the overall risk for cancer, as
well as on the incidence of various site-specific cancer
types.” Nevertheless, the examination of the direct ef-
fects attributable to blood pressure reduction itself re-
mains inadequately investigated, with the majority of
evidence deriving from observational studies.>®
High blood pressure and cancer share common risk
factors and biological pathways, including age, un-
healthy lifestyle, smoking, body mass index,**7-® and

immune system dysfunction.’'® This intricate rela-
tionship has led to difficulties in evaluating any po-
tential causal association between blood pressure,
pharmacologic blood pressure lowering and cancer
risk."" This challenge is further compounded by the
necessity to discern whether the associations previ-
ously identified in extant literature are indeed
reflective of a direct causative relationship or if they
are merely the result of residual confounding or in-
stances of reverse causality.®> Such separation is
crucial for formulating effective and safe long-term
blood pressure-lowering treatment strategies.
Randomized evidence regarding the effect of blood
pressure reduction per se on cancer risk is con-
strained by several key factors: insufficient sample
sizes and event rates in individual randomized
controlled trials (RCTs), which are not often designed
to capture cancer as a primary or secondary outcome
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or even as a severe adverse event. Additionally, the
typically short duration of follow-up in RCTs might be
inadequate to assess long-term effects, particularly
for outcomes such as cancer, which have long
induction periods. Furthermore, the heterogeneity of
interventions for blood pressure reduction, encom-
passing various medications, complicates the isola-
tion of their specific effects on cancer risk, adding to
the complexity of interpreting individual trial results.
Consequently, relying solely on data from a single
RCT, or from an observational study, might poses
limitations when attempting to address the afore-
mentioned knowledge gap and provide compelling
randomized evidence.

Therefore, we used a strategy of evidence trian-
gulation.”” We conducted an IPD meta-analysis of
RCTs in conjunction with a Mendelian randomization
study using genetic data as an independent source of
randomized evidence. This dual-study approach not
only enhances the robustness of our findings but also
ensures a wide-angle understanding of the relation-
ship between blood pressure modulation and cancer
risk.

METHODS

We implemented 2 distinct study designs, each
leveraging independent sources of randomized data.
First, we conducted a meta-analysis of IPD from RCTs
of pharmacologic blood pressure-lowering in-
terventions to examine the effect of systolic and
diastolic blood pressure reduction on the risk for
outcomes among participants randomly allocated to
intervention and comparator arms. Second, we per-
formed a Mendelian randomization analysis using
naturally randomized genetic variants associated
with systolic and diastolic blood pressure, thereby

From the *Deep Medicine, Oxford Martin School, University of Oxford, Oxford, United Kingdom; °Nuffield Department of
Women’s and Reproductive Health, University of Oxford, Oxford, United Kingdom; “National Institute for Health and Care
Research Oxford Biomedical Research Centre, Oxford University Hospitals NHS Foundation Trust, Oxford, United Kingdom;
dCancer Epidemiology Unit, Nuffield Department of Population Health, University of Oxford, Oxford, United Kingdom; *Popu-
lation Health Sciences Institute, Newcastle University, Newcastle upon Tyne, United Kingdom; ‘The George Institute for Global
Health, University of New South Wales, Sydney, Australia; #The George Institute for Global Health, School of Public Health,
Imperial College London, London, United Kingdom; "Genomic Epidemiology Branch, International Agency for Research on
Cancer, Lyon, France; ‘Discovery Network, Pfizer Worldwide Research and Development, Stockholm, Sweden; 'Department of
Medicine, Karolinska Institute, Stockholm, Sweden; *Population Health Research Institute, Hamilton Health Sciences, McMaster
University, Hamilton, Ontario, Canada; 'College of Medicine, University of Florida, Gainesville, Florida, USA; ™School of Public
Health, The University of Texas, Houston, Texas, USA; "Department of Cardiology, University of Oslo, Ullevaal Hospital, Oslo,
Norway; and the °Department of Medical Sciences, Clinical Epidemiology, Uppsala University, Uppsala, Sweden. *These authors

contributed equally to this work as first authors.

The authors attest they are in compliance with human studies committees and animal welfare regulations of the authors’
institutions and Food and Drug Administration guidelines, including patient consent where appropriate. For more information,

visit the Author Center.

Manuscript received December 19, 2024; revised manuscript received March 14, 2025, accepted March 17, 2025.


https://www.jacc.org/author-center

JACC: CARDIOONCOLOGY, VOL. 7, NO. 5, 2025
AUGUST 2025:609-623

emulating the random allocation principle of RCTs, to
evaluate the long-term effects of blood pressure
reduction on the risk for site-specific outcomes.'?

INDIVIDUAL PARTICIPANT DATA META-ANALYSES
OF RCTS. Study setting, design, and eligibility
criteria. This IPD meta-analysis was based on the
resource provided by the Blood Pressure Lowering
Treatment Trialists’ Collaboration (BPLTTC),'*!> an
international collaboration of the principal
investigators of major clinical trials of
pharmacologic blood pressure-lowering treatments.
Further details of the current cycle of BPLTTC
activities, the search strategy, and inclusion criteria
have been published previously.'* The collaboration
currently has access to IPD from 52 RCTs involving
363,684 participants. Eligible trials were those with
at least 1,000 participant-years of follow-up in each
trial arm and individual-level information on cancer
events, timing of diagnosis, and duration of follow-
up for those without cancer diagnoses. Ethics
approval for the current cycle was obtained from the
Oxford Central Ethics University Research
Committee (545-14). The present study protocol was
approved by the steering committee and
collaborators before releasing the data for analysis.
Treatment and comparator arms. Each participant
was assigned to a treatment or comparator arm on the
basis of their random allocation in individual trials
according to the trial design. Details of the assign-
ment of treatment and comparator groups for each
trial have been described previously.”> Briefly, in
placebo-controlled trials, those randomly allocated to
the active group were assigned to the treatment arm,
and those in the placebo group were assigned to the
comparator arm; in trials comparing blood pressure-
lowering intensities, a lower blood pressure target
was considered the treatment and a higher blood
pressure target the comparator; and in head-to-head
trials comparing various drug classes, the drug class
with the greater blood pressure reduction was
assigned as the treatment arm and the other drug
class(es) as the comparator arm.

Primary and secondary outcomes. The primary
outcome of this study was any incident cancer,
defined as the first report of a cancer diagnosis after
randomization. The secondary outcomes encom-
passed cause-specific cancer death and various site-
specific cancers for which event data were available
in the BPLTTC data set. These included cancers of the
breast, colorectal region, kidney, lung, prostate, and
skin. Outcomes were defined on the basis of the
diagnostic and adjudication criteria of each trial.
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Statistical analysis. The characteristics of partici-
pants assigned to the treatment and comparator arms
at baseline are presented as mean + SD or as median
(Q1-Q3) for continuous variables and as count (per-
centage) for categorical variables. The IPD meta-
analysis was conducted using the 1-stage approach,
in which data from all trials are analyzed simulta-
neously.’® HRs with 95% CIs were estimated using
fixed-effects Cox proportional hazards models, strat-
ified by trial, and were based on the intention-to-treat
principle. The timing of the event was defined as the
date of cancer diagnosis in trials in which this was
reported; otherwise, it was defined as the date the
cancer was reported in the trial or the date of death if
cancer was recorded only as an underlying cause of
death. Individuals were censored at the date of death,
last follow-up visit, or administrative censoring at the
end of the trial. The effect sizes were standardized for
a 5 mm Hg reduction in systolic blood pressure and a
3 mm Hg reduction in diastolic blood pressure
between randomized groups to account for hetero-
geneity in blood pressure reduction across different
trials.’® These values represent the round values
closest to the weighted means of systolic and diastolic
blood pressure reductions across all trials, excluding
head-to-head trials'> (Supplemental Method 1).

We assessed temporal variation in relative risk by
estimating the HRs for specific time periods during
follow-up. In this analysis, patients contributed to the
exposure time during each time period until they
either developed the outcome or were censored. We
conducted subgroup analyses on the basis of baseline
patient characteristics, including systolic and dia-
stolic blood pressure levels, age, sex, body mass
index, smoking status, and previous antihypertensive
drug use, incorporating an interaction term between
each characteristic and the treatment arm in the
model. The heterogeneity of treatment effect across
subgroups and time periods was assessed using like-
lihood ratio tests, adjusted for multiple compari-
sons.'”* In a sensitivity analysis, we used Fine and
Gray subdistribution hazard models to account for the
competing risk for any noncancer death.

Analyses were conducted separately for each site-
specific cancer, and the results were compared with
findings from Mendelian randomization (details
described later). In this analysis, which examined
6 site-specific cancers using 2 study designs simulta-
neously, we report effect sizes with 99.5% CIs to
reduce the risk for false-positive results."”

MENDELIAN RANDOMIZATION. We used a 2-sample
Mendelian randomization framework to assess the
effect of blood pressure lowering on secondary
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TABLE 1 Baseline Characteristics of Participants Included in the
1-Stage Individual Participant Data Meta-Analysis
Treatment Comparator
(n =144,997) (n =169,019)
Sex
Female 59,711 (41) 69,574 (41)
Male 85,286 (59) 99,445 (59)
Age, y 65+9 66 +9
Age categories
<65y 65,779 (45) 73,535 (44)
=65y 79,202 (55) 95,455 (56)
Systolic blood pressure, mm Hg 151 + 21 151 +£ 21
Diastolic blood pressure, mm Hg 86 + 12 86 + 12
Systolic blood pressure categories
<130 mm Hg 20,090 (14) 24,081 (13)
130-139 mm Hg 21,019 (15) 24,647 (15)
140-149 mm Hg 28,624 (20) 33,495 (20)
150-159 mm Hg 24,976 (17) 29,493 (17)
=160 mm Hg 49,928 (34) 56,927 (35)
Diastolic blood pressure categories
<70 mm Hg 10,101 (7) 12,071 (7)
70-79 mm Hg 27,016 (19) 32,542 (19)
80-89 mm Hg 47,499 (33) 55,655 (33)
90-99 mm Hg 40,418 (28) 46,620 (28)
=100 mm Hg 19,573 (14) 21,734 (13)
Body mass index, kg/m? 28+5 28+5
Body mass index categories
<25 kg/m? 34,679 (29) 39,924 (28)
25-29 kg/m? 50,131 (42) 60,697 (42)
=30 kg/m? 34,387 (29) 42,313 (30)
Current smoking 27,329 (19) 30,971 (18)
Previously on blood pressure- 84,633 (70) 104,888 (74)
lowering medication
Follow-up duration, y, median 4.2 (2.0) 4.3(1.9)
(interquartile range)
Values are n (%) or mean =+ SD unless otherwise indicated.

outcomes and compared the results with the findings
from the IPD meta-analysis. Within this framework,
blood pressure-lowering randomized treatment was
mimicked using naturally and randomly allocated
genetic variants.”>”° The exposure was genetically
determined midlife systolic and diastolic blood pres-
sure that was estimated using genetic variants with
minor allele frequencies >0.01 that were indepen-
dently (linkage disequilibrium r* < 0.05) associated
with blood pressure at a genome-wide significance
level (P < 5 x 1078).2! The summary statistics for
variants associated with each site-specific cancer as
secondary outcomes were extracted from relevant
genome-wide association studies (GWAS). Details of
GWAS wused for this analysis are described in
Supplemental Method 2. On the basis of the infor-
mation provided in each GWAS report, there was no
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known overlap between the GWAS data used for ex-
posures and outcomes.

The summary estimates of variants-exposure and
variants-outcome were harmonized before con-
ducting the statistical analysis.?*** The inverse vari-
ance weighted method was used as the primary
method. As this assumes that either all the in-
struments are valid or any horizontal pleiotropy is
balanced,”* we applied various other Mendelian
randomization methods with different assumptions
as sensitivity analyses. We used the weighted median
method,?® which is consistent if at least 50% of the
weight comes from valid instrumental variables.?®
The Mendelian randomization pleiotropy residual
sum and outlier method was used to test and, if
needed, correct for any possible horizontal pleio-
tropic outliers in the analysis.”’” The Mendelian
randomization Egger regression method was used to
assess the presence of pleiotropy.?® The robust
adjusted profile score method is robust to systematic
and idiosyncratic pleiotropy and is recommended for
complex traits and diseases.”® The Mendelian
randomization mix method provides unbiased esti-
mation in the presence of a large number of invalid
genetic instruments.?® Furthermore, we examined
the heterogeneity of the estimates by using the
Cochran Q test.®’ All statistical analyses were per-
formed using R version 3.3 (R Foundation for Statis-
tical Computing).

RESULTS

Of the 52 trials in the BPLTTC database, 10 trials did
not report on cancer outcomes and were therefore
excluded, leaving a total of 42 trials involving 314,016
individuals for inclusion in this analysis. The general
characteristics of each trial, including the source of
outcome ascertainment and the level of detail pro-
vided for cancer outcomes, are presented in
Supplemental Method 3. Forty-one percent of the
participants were women, and the mean age was 66 +
6 years. Additional participant baseline characteris-
tics are detailed in Table 1, and information on indi-
vidual trials has been published previously.'>*® Over
a median of 4 years (Q1-Q3: 3-5 years), 17,954 partic-
ipants were diagnosed with cancer of any type, and
4,878 participants were reported to have died with
cancer as the cause of death.

The relative risk for diagnosis of incident cancer of
any type for a 5 mm Hg reduction in systolic blood
pressure was 1.03 (95% CI: 0.99-1.06) and for a
3 mm Hg reduction in diastolic blood pressure was
1.03 (95% CI: 0.98-1.07) (Figure 1). For the outcome of
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Outcomes n of trials  Treatment

Events/Total

Comparator

FIGURE 1 Blood Pressure-Lowering Treatment and Risk for Incident Cancer and Cancer Deaths

HR (95% CI)

Events/Total

Systolic blood pressure (per 5 mmHg reduction)

Any cancer 42 8115 144,997 2675 169,019 1.03 (0.99, 1.06)

Cancer death 27 2203 98,619 2675 121,381 - 1.03 (0.98, 1.10)

Diastolic blood pressure (per 3 mmHg reduction)

Any cancer 42 8115 144,997 2675 169,019 I 1.03 (0.98, 1.07)

Cancer death 27 2203 98,619 2675 121,381 -I— 1.00 (0.94, 1.07)
0.50 1.00 2.00

Favours treatment  Favours Comparator

Effect of blood pressure-lowering treatment on the risk for incident cancer and cancer deaths. HRs with 95% Cls are presented for reductions
in systolic blood pressure (5 mm Hg) and diastolic blood pressure (3 mm Hg). Data are pooled from 42 trials for any cancer incidence and 27
trials for cancer mortality, comparing treatment vs comparator groups. The HRs suggest no significant association between blood pressure

reduction and cancer risk or death. The forest plot visually represents effect estimates, with the dotted line at an HR of 1, indicating no effect.

A 95% Cl crossing 1 suggests nonsignificant differences between groups.

cancer death, the corresponding HRs for systolic and
diastolic blood pressure were 1.03 (95% CI: 0.98-1.10)
and 1.00 (95% CI: 0.94-1.07), respectively. In the
analysis that investigated temporal variation in rela-
tive risk throughout the follow-up period, no evi-
dence was found indicating patterns of increasing or
decreasing risk over time for any cancer (Figure 2). No
evidence of heterogeneity in the relative risk for any
cancer was observed between men and women,
among different age groups, among various baseline
blood pressure levels, among body mass index cate-
gories, by smoking status, or by history of blood
pressure-lowering treatment prior to randomization
(P for interaction >0.22 for all) (Figure 3). The HRs
estimated from the Fine and Gray subdistribution
models were comparable with the HRs from the pri-
mary analysis, suggesting that there was no bias due
to competing risks (Supplemental Figure 1).

In the site-specific cancer analysis, no effect was
found between the reduction of systolic or diastolic
blood pressure and the risk for developing breast,
colorectal, kidney, prostate, and skin cancers
(Figure 4). An increased risk for overall lung cancer
was observed with the reduction of systolic blood
pressure (HR: 1.17; 99.5% CI: 1.02-1.32), accompanied
by a marginal increase in risk for diastolic blood

pressure reduction (HR: 1.17; 99.5% CI: 0.98-1.36)
(Figure 4).

For site-specific cancers, the results from the Fine
and Gray subdistribution models were comparable
with those of the primary analysis, suggesting no
competing risk effects (Supplemental Figure 1). The
results of the post hoc power calculation are reported
in Supplemental Result 1. The findings confirm that
we had at least 80% statistical power to detect a 3%
change in effect size for both cancer incidence and
cause-specific cancer death. For site-specific cancers,
the analysis demonstrated that for cancers with more
than 1,000 events, there was 80% power to detect a
relative risk reduction of at least 7%.

In Mendelian randomization analyses for each site-
specific cancer, we found no evidence that each
5 mm Hg genetically influenced lower systolic blood
pressure reduction or 3 mm Hg diastolic blood pres-
sure reduction was associated with any of the cancers
investigated. A comparison between the IPD meta-
analysis and Mendelian randomization estimations
is presented in Figure 4. In more detailed analyses for
cancer subtypes, no material effect was found for
subtypes of colorectal cancers (colon, distal colon,
proximal colon, and rectal), lung cancers (squamous
cell carcinoma, small cell carcinoma, and
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FIGURE 2 Blood Pressure-Lowering Treatment and Risk for Incident Cancer, Stratified by Follow-Up Time
Follow-up n of trials Treatment Comparator HR (95% ClI)
Events/Total Events/Total
0-1yr 42 2063 / 144,997 2564 / 169,019 e 3 0.98 (0.92, 1.04)
1-2yr 42 1701 / 137,964 2058 / 161,071 -- 1.01 (0.94, 1.09)
2-3yr 42 1697 / 129,288 2037 / 151,359 E 1.03 (0.96, 1.11)
3-4yr 41 1370 / 106,205 1598 / 125,650 - 1.05 (0.97, 1.14)
4yr+ 40 1284 / 78,003 1582 / 93,927 e N 1.04 (0.95, 1.12)
Al follow-up 42 8115 / 144,997 9839 / 169,019 . 1.03 (0.99, 1.06)
0.50 1.00 2.00
Hazard ratio (HR) for 5 mmHg reduction in SBP
B
Follow-up noftrials Treatment Comparator HR (95% CI)
Events/Total Events/Total
0-1yr 42 2063 /144,997 2564 /169,019 -.- 0.97 (0.90, 1.04)
1-2yr 42 1701 /137,964 2058 /161,071 —-— 1.01 (0.92, 1.10)
2-3yr 42 1697 /129,288 2037 /151,359 - 1.03 (0.94, 1.12)
3-4yr 41 1370 /106,205 1598 /125,650 —.— 1.04 (0.94, 1.15)
4yr+ 40 1284 /78,003 1582 /93,927 -‘.— 1.06 (0.96, 1.17)
All follow-up 42 8115 /144,997 9839 /169,019 .— 1.03 (0.98, 1.10)
0.50 1.00 2.00
Hazard ratio (HR) for 3 mmHg reduction in DBP
Blood pressure-lowering treatment and the risk for incident cancer, stratified by follow-up duration. (A) HRs with 95% Cls for a 5 mm Hg
reduction in systolic blood pressure (SBP) across different follow-up periods. (B) HRs for a 3 mm Hg reduction in diastolic blood pressure
(DBP). Data are pooled from 42 trials, with HRs estimated for follow-up durations ranging from O to 1 year to =4 years. The results indicate no
significant association between blood pressure reduction and cancer risk over time, with all Cls crossing unity. Forest plots illustrate effect
estimates.

adenocarcinoma) and breast cancers (estrogen re-
ceptor positive and negative) (Figure 5). No material
change was found in sensitivity analyses using
different methods of Mendelian randomization
(Supplemental Results 2-5).

DISCUSSION

In the IPD meta-analysis of major blood pressure-
lowering trials, our findings indicate no association
between pharmacologic blood pressure reduction and
the incidence of cancer or cancer-related death over a

median follow-up period of 4 years after treatment
initiation. Time-stratified analysis further demon-
strated a consistent null relative risk for total cancer
incidence throughout the median 4-year follow-up
duration. Detailed investigations into site-specific
cancers also did not reveal substantial evidence of
impact on the risk for breast, colorectal, kidney,
prostate, and skin cancers. However, the possibility
of an elevated risk for overall lung cancer in relation
to blood pressure reduction cannot be conclusively
dismissed. Complementary to these findings, genetic
analyses using Mendelian randomization as an
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A

FIGURE 3 Effects of Blood Pressure Lowering on Incident Cancer Stratified by Baseline Characteristics of Participants

Hazard ratio (HR) for 3 mmHg reduction in DBP

By baseline n of trials Treatment Comparator HR (95% CI)
characteristic Events/Total Events/Total
C ries of sy
Less than 130 38 1138 / 20,090 1386 / 24,081 IR = 1.07 (0.99, 1.16)
130to 139 37 191/ 21,019 1503 /24,647 N = 1.01(0.93, 1.09)
140 to 149 39 1524 / 28,624 1877 / 33,495 —.— 1.03(0.96, 1.11)
150 to 159 41 1409 /24976 1778 1 29493 - 1.03 (0.96, 1.11)
160 and over 42 2829 / 49,928 327111 56927 - 1.02 (0.96, 1.07)
P for heterogeneity >0.99
Age
Less than 65 38 2545/ 65,779 3023/ 73535 - 0.98 (0.93, 1.04)
65 and over 42 5570 / 79,202 6813 / 95455 &+ 1.04 (1.00, 1.08)
P for heterogeneity = 0.22
Sex
Men 42 5368 / 85,286 6508 / 99,445 = 1.03(0.99, 1.07)
Women 42 2750 /59,711 3331/ 69574 - 1.00 (0.95, 1.06)
P for heterogeneity = 0.89
Body mass index
Less than 25 38 1923 /34679 2358 / 39924 - 1.02 (0.96, 1.10)
25-29 38 3011 / 50,131 3811/ 60697 - 1.01(0.95, 1.06)
30 and over 38 2095 / 34,387 2566 / 42313 —.— 1.07 (1.00, 1.14)
P for heterogeneity >0.99
Smoking status
Current smoker 42 1809 /  27.329 2148/ 30971 - 1.02 (0.96, 1.09)
Never or ex-smoker 42 6296 / 117.430 8686 / 137,822 = 1.01(0.98, 1.05)
P for heterogenelty >0.99
Antihypertensive drug use
Yes 36 5588 / 84,633 7132 / 104,888 - 1.01(0.96, 1.05)
No 36 1826 / 35415 1952 /  37.430 - 1.03 (0.96, 1.10)
P for heterogeneity >0.99
I
0.50 1.00 2.00
Hazard ratio (HR) for 5 mmHg reduction in SBP
B By baseline n of trials Treatment Comparator HR (95% CI)
characteristic Events/Total Events/Total
Diastolic blood pressure i
Less than 70 39 697 / 10,101 885 / 12,071 + 1.03 (0.91, 1.16)
70t0 79 40 1718 / 27,016 2075 / 32,542 R 1.02(0.85, 1.22)
80to 89 40 2702 / 47499 3240 / 55655 ——— 1.10(0.93, 1.30)
90 to 99 42 2034 / 40418 2559 / 46,620 —— 0.94 (0.81, 1.10)
100 and over 39 937 / 19,573 1055 / 21,734 —— 0.97 (0.88, 1.07)
P for heterogeneity =0.22
Age
Less than 65 38 2545 / 65,779 3023 / 73,535 —.— 0.97 (0.91, 1.03)
65 and over 42 5570 / 79,202 6813 / 95455 = 1.05(1.00, 1.11)
P for heterogeneity =0.22
Sex
Male 42 5368 / 85286 6508 / 99445 - 1.02(0.97, 1.08)
Female 42 2750 /59,711 3331/ 69574 b 0.99 (0.93, 1.06)
P for heterogenelty =0.89
Body mass index
Less than 25 38 1923 /34679 2358 / 39,924 -~ 1.07 (0.98, 1.17)
25-29 38 3011 / 50,131 3811/ 60,697 + 0.98 (0.91, 1.05)
30 and over 38 2095 / 34,387 2566 / 42,313 —— 1.07 (0.99, 1.16)
P for heterogeneity >0.99
Smoking status
Current smoker 42 1809 / 27,329 2148 / 30,971 + 1.03(0.95, 1.11)
Never or ex-smoker 42 6296 / 117,430 8686 / 137,822 - 1.01 (0.96, 1.05)
P for heterogeneity >0.99
Antihypertensive drug use
Yes 36 5588 / 84633 7132 / 104,888 -.— 1.02 (0.96, 1.08)
No 36 1826 / 35415 1952 / 37.430 - 1.01(0.95, 1.08)
P for heterogeneity >0.99
0.50 1.00 2.00

P values for heterogeneity assess subgroup differences. Abbreviations as in Figure 2.

Effects of blood pressure-lowering treatment on the risk for incident cancer, stratified by baseline participant characteristics. (A) HRs with 95% Cls for a 5 mm Hg
reduction in SBP. (B) HRs for a 3 mm Hg reduction in DBP. Data are stratified by baseline blood pressure, age, sex, body mass index, smoking status, and antihy-
pertensive drug use across 42 trials. No significant associations were observed across subgroups, with all Cls crossing unity. Forest plots display effect estimates, and
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FIGURE 4 Effects of Blood Pressure Lowering on Site-Specific Cancer, Separately Estimated Using Individual Participant Data Meta-
Analysis and a Mendelian Randomization Study
A Cancer type n trials/ nevents Total Relative risk (99.5% Cl)
SNPs
Breast
IPD meta-analysis 32 1151 254,705 —— 1.05 (0.85, 1.25)
Mendelian randomisation 271 69501 105,974 - 1.00 (0.92, 1.08)
Colorectal :
IPD meta-analysis 32 1559 252,794 + 1.03 (0.88, 1.18)
Mendelian randomisation 113 34,627 71,379 —— 0.89 (0.72, 1.06)
Kidney H
IPD meta-analysis 19 195 125,263 L : 0.73 (0.24, 1.22)
Mendelian randomisation 152 10784 20,406 ——— 0.88 (0.56, 1.20)
Lung :
IPD meta-analysis 36 2249 262,050 —— 1.17 (1.02, 1.32)
Mendelian randomisation 157 14803 12,262 —— 0.89 (0.70, 1.08)
Prostate :
IPD meta-analysis 33 2134 258,619 —— 1.00 (0.85, 1.15)
Mendelian randomisation 153 79,148 61,106 E = 1.04 (0.96, 1.12)
Skin :
IPD meta-analysis 19 1552 124,439 - L 1.32 (0.78, 1.86)
Mendelian randomisation 148 36760 375,188 | | 1.00 (1.00, 1.00)
0.50 1.00 2.00
Relative risk for 5 mmHg reduction in SBP
B
Cancer type n trials/ nevents Total Relative risk (99.5% ClI)
SNPs
Breast :
IPD meta-analysis 32 1151 254,705 —— 1.05 (0.82, 1.28)
Mendelian randomisation 192 69501 105,974 n 1.00 (0.96, 1.04)
Colorectal H
IPD meta-analysis 32 1559 252,794 + 1.00 (0.80, 1.20)
Mendelian randomisation 164 34,627 71,379 —— 0.93(0.76, 1.10)
Kidney H
IPD meta-analysis 19 195 125,263 —— 0.63 (0.21, 1.05)
Mendelian randomisation 182 10784 20,406 —— 1.12 (0.80, 1.44)
Lung :
IPD meta-analysis 36 2249 262,050 —i— 1.17 (0.98, 1.36)
Mendelian randomisation 190 14803 12,262 —— 1.00 (0.79, 1.21)
Prostate :
IPD meta-analysis 33 2134 258,619 —— 1.00 (0.79, 1.21)
Mendelian randomisation 271 79,148 61,106 E 3 1.00 (0.95, 1.05)
Skin :
IPD meta-analysis 19 1552 124,439 ———j}—1.49(0.86, 2.12)
Mendelian randomisation 171 36760 375,188 | | 1.00 (1.00, 1.00)
0.50 1.00 2.00
Relative risk for 3 mmHg reduction in DBP
Effects of blood pressure-lowering treatment on site-specific cancer risk, separately estimated using individual participant data (IPD) meta-
analysis and Mendelian randomization. (A) RRs with 99.5% Cls for a 5 mm Hg reduction in SBP. (B) RRs for a 3 mm Hg reduction in DBP.
Cancer risk estimates are provided for breast, colorectal, kidney, lung, prostate, and skin cancers. Findings using both analytical approaches
suggest no consistent associations between blood pressure reduction and site-specific cancer risk, with all Cls crossing unity. Forest plots
illustrate effect estimates. SNP = single-nucleotide polymorphism; other abbreviations as in Figure 2.

independent source of randomized data did not The majority of evidence regarding the association
support any relationship between blood pressure between blood pressure and cancer development
reduction and the risk for any site-specific cancer originates from observational population-based data.
types addressed in the IPD meta-analysis, includinga A meta-analysis incorporating observational data
null effect for overall lung cancer and its subtypes from 85 prospective studies indicated that hyperten-
(Central Illustration). sion leads to an elevated risk for developing kidney,
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FIGURE 5 Mendelian Randomization Analysis of the Effects of Blood Pressure Lowering on Breast, Colorectal, and Lung Cancer Subtypes
A
Cancer subtypes n SNPs OR (99.5% CI)
Breast cancer :
Estrogen receptor negative 271 - 1.00 (0.94, 1.06)
Estrogen receptor positive 271 I— 1.01 (0.94, 1.08)
Colorectal :
Rectal cancer 113 ——— 0.89 (0.71, 1.11)
Proximal colon cancer 113 — - 0.94 (0.69, 1.28)
Distal colon cancer 113 —— 0.87 (0.69, 1.10)
Colon cancer 113 + 0.90 (0.73, 1.11)
Lung cancer :
Squamous cell carcinoma 157 —a— 0.86 (0.63, 1.18)
Small-cell carcinoma 157 —I— 0.86 (0.53, 1.40)
Adenocarcinoma 157 —u— 0.96 (0.75, 1.23)
0.50 1.00 2.00
Cancer subtypes n SNPs OR (99.5% ClI)
Breast cancer :
Estrogen receptor negative 192  J 0.98 (0.92, 1.04)
Estrogen receptor positive 192 l 1.00 (0.96, 1.04)
Colorectal :
Rectal cancer 164 + 0.93(0.73, 1.19)
Proximal colon cancer 164 —— 0.91 (0.70, 1.19)
Distal colon cancer 164 —— 0.99 (0.77, 1.27)
Colon cancer 164 —— 0.93 (0.75, 1.15)
Lung cancer :
Squamous cell carcinoma 190 —a— 0.88 (0.65, 1.48)
Small-cell carcinoma 190 —I— 0.94 (0.62, 1.42)
Adenocarcinoma 190 —— 1.10 (0.86, 1.41)
0.50 1.00 2.00
(A) ORs with 99.5% Cls for a 5 mm Hg reduction in SBP. (B) ORs for a 3 mm Hg reduction in DBP. Subgroup analyses include estrogen
receptor-positive and estrogen receptor-negative breast cancer, rectal and colon cancer subtypes, and lung cancer histologic subtypes. The n
SNPs column indicates the number of SNPs used as instrumental variables for genetic proxies of blood pressure. Findings indicate no sig-
nificant associations between blood pressure reduction and cancer risk across subtypes, with all Cls crossing unity. Forest plots illustrate
effect estimates. Abbreviations as in Figures 2 and 4.

colorectal, and breast cancers, whereas it shows no
significant effect on the incidence of lung and pros-
tate cancers.?> Overall, the most consistent evidence
from observational studies was observed for kidney
cancer’>?3® and breast cancer,*’ for which several
reports indicated a higher risk associated with
hypertension or elevated blood pressure. Similarly,

observational studies predominantly indicate a posi-
tive association between elevated blood pressure and
cancer death or survival.?*3° Despite the overall
observational data hinting at a link between high
blood pressure and increased risk for cancer occur-
rence, cancer-related death, and several site-specific
the

cancers, inherent nature of this evidence,
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CENTRAL ILLUSTRATION Effect of BP Lowering on the Risk for Cancer

Randomized controlled trial Mendelian randomization

Random allocation by study design Natural random allocation during inception
Intervention Comparator Genetically Genetically
(n = 144,997) (n =169,019) determined lower determined higher
blood pressure blood pressure

. - - M‘g M‘%
.

Blood pressure level
[

Blood pressure level
[ ]

Intervention Comparator Genetically Genetically
lower BP higher BP

J J

No change in cancer-related events No change in site-specific cancer events

Incident cancers, cause-specific cancer deaths, (breast, colorectal, kidney, prostate, and skin)
site-specific cancers (breast, colorectal, kidney,
prostate, and skin)

Complementary analysis using genetic data for site-specific cancers and their subtypes

The effect of blood pressure lowering on cancer-related events was investigated in
314,016 participants randomly allocated to blood pressure-lowering treatment or
comparator arms. Genetic data were used to further investigate the effect on site-
specific cancers and their subtypes.

Nazarzadeh M, et al. JACC CardioOncol. 2025;7(5):609-623.

The effect of blood pressure (BP) lowing on cancer-related events was investigated in 314,016 participants randomly allocated to BP-lowering treatment or
comparator arms. Genetic data were then used to further investigate the effect on site-specific cancers.
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coupled with limitations such as treating continuous
blood pressure measurement as a binary biomarker,
small number of cancer events, risk for false-positive
associations when investigating multiple cancers
concurrently, and possible residual confounding and
reverse causation, collectively hinders the ability to
draw strong clinical implications. To address the
limitation of relying on observational evidence,
several Mendelian randomization studies have been
previously conducted. Analyses of the large-scale
China Kadoorie Biobank showed that higher levels
of systolic blood pressure were unrelated to the risk
for overall incident cancer.’” Another study, which
adjusted for multiple testing, revealed no association
between systolic and diastolic blood pressure and the
risk for total or site-specific cancer, covering all can-
cer types included in our study.*® In contrast, a
Mendelian randomization study focusing on the as-
sociation between blood pressure and the risk for
renal cell carcinoma revealed evidence of a positive
association, specifically identifying a link between
increased diastolic blood pressure and a higher risk
for developing renal cell carcinoma.>® These findings
collectively highlight the complexity of the relation-
ship between blood pressure and cancer risk, indi-
cating the need for further randomized evidence to
fully comprehend these associations and their impli-
cations in clinical practice.

There is a lack of existing evidence from RCTs
investigating the effect of pharmacologic blood
pressure-lowering per se on incident cancer. Previous
studies have mainly examined the safety of specific
antihypertensive drug classes in the context of cancer
risk, but they did not explore the effect of a unit
reduction in blood pressure achieved through taking
these medications.”*° Individual RCTs often lack the
necessary statistical power to provide robust evi-
dence for this effect, attributable to the small number
of event occurrences and the absence of long-term
follow-up. Our study fills this gap in evidence by
pooling individual-level data from randomized trials
of blood pressure-lowering treatment. We have
shown that blood pressure lowering does not have an
effect on the risk for incident cancer or cancer death,
with no increase or decrease during follow-up time.
The absence of temporal change in relative risk is
noteworthy, as it serves as an indicator of the lack of a
causal effect, especially within the context of data
derived from RCTs.

Our analysis of data from RCTs suggested an
increased risk for overall lung cancer. Previous

Nazarzadeh et al
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aggregate data meta-analyses of RCTs have high-
lighted a potential augmentation in lung cancer risk
associated with angiotensin receptor blockers.*"** In
contrast, earlier IPD meta-analysis from BPLTTC have
not substantiated an impact of angiotensin receptor
blockers or any other major class of antihypertensive
drugs on the risk for lung cancer.” There are certain
aspects to consider when interpreting RCT data in
context of cancer. Trials have a comparably short
follow-up time, which may not be sufficient to enable
us to attribute the onset of lung cancer to pharma-
cologic blood pressure lowering. The latency period
for solid tumors such as lung cancer tends to be long.
For example, the average latency interval between
the onset of a well-known carcinogen such as smok-
ing and the diagnosis of lung cancer is approximately
50 vyears.*> Given this limitation, Mendelian
randomization was used for a more thorough exami-
nation. This analysis revealed no significant associa-
tion between the reduction of blood pressure and
particular subtypes of lung cancer, encompassing
adenocarcinoma, small cell, and squamous cell car-
cinoma. In contrast to RCTs, Mendelian randomiza-
tion uses genetic variants as proxies for lifelong
exposure to blood pressure levels, offering a poten-
tially more accurate picture of long-term effects,
which is crucial when dealing with a disease that has
a long latency period.** This method leverages the
random allocation of genes at conception, akin to the
randomization in controlled trials, to minimize con-
founding effects. Taking into account the entirety of
randomized evidence, including both RCTs and
Mendelian randomization, and considering the limi-
tations and strengths of each study design, we
conclude that there is no convincing evidence to
support a link between blood pressure lowering and
the development of lung cancer.

From a biological perspective, elevated blood
pressure and hypertension have been implicated in
various metabolic pathways that may contribute to
carcinogenesis. For instance, hypertension is associ-
ated with increased lipid peroxidation, which has
been proposed as a mechanism responsible for a
higher risk for renal cell carcinoma.*> Additionally,
activation of the renin-angiotensin-aldosterone sys-
tem in individuals with hypertension has been
implicated in processes such as cellular proliferation,
inflammation, angiogenesis, and tissue remodeling,
potentially increasing cancer risk.*® Moreover,
elevated blood pressure can lead to increased levels
of endothelin, a potent vasoconstrictor, which, when
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overexpressed, has been associated with several
types of cancer.*” Despite these mechanistic associa-
tions, we found no clinical evidence for the effect of
blood pressure lowering on cancer risk. This suggests
that although hypertension may be a marker for
increased cancer risk in experimental and observa-
tional studies, particularly given significant shared
risk factors, the clinical reduction of blood pressure
through antihypertensive therapy does not appear to
significantly alter cancer incidence.

The key strength of this study lies in its novelty
and in its large sample size, leveraging individual-
level data from pharmacologic blood pressure-
lowering RCTs to evaluate the effect of unit de-
creases in blood pressure on cancer risk. This allowed
us to investigate whether cancer risk can be modified
through blood pressure lowering, both overall and
within subgroups defined by participant baseline
characteristics, including important risk factors
shared by both conditions. The ability to conduct
time-stratified analyses was also an important
strength of the study to account for any potential
latency period between initiation of blood pressure-
lowering treatment and tumor formation.> Addition-
ally, using 2 study designs enabled us to validate our
findings through independent sources of randomized
data, thereby addressing some of the limitations
inherent in each individual methodology.

STUDY LIMITATIONS. One limitation of the IPD meta-
analysis is that we did not have access to IPD from all
eligible trials. Although we had sufficient statistical
power for both primary and secondary outcomes, the
analysis for kidney cancer, with only 195 events, was
underpowered and yielded wide CIs. However, we
were able to triangulate these findings using the re-
sults from the Mendelian randomization analysis,
which were based on genome-wide association ana-
lyses of a much larger number of cancer events than
available in the BPLTTC database, and therefore
generally had narrower CIs.

Another limitation was the relatively short median
follow-up duration of 4 years across the pooled trials,
which may not be long enough for cancers to develop
after blood pressure lowering is initiated. We con-
ducted time-stratified analyses to address this limi-
tation, as we assumed that a pattern of increasing or
decreasing risk over time would indicate an emerging
harmful or protective effect in later years. Further-
more, Mendelian randomization models the effects of
lifetime blood pressure reduction, directly addressing
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this limitation in the evidence from RCTs. Addition-
ally, cancer was not the primary outcome in any of
the trials, so case ascertainment and adjudication
were not consistent across trials. However, this is
unlikely to introduce bias in randomized trials as any
event misclassification is expected to be consistent
across treatment groups.*&*°

There was also uncertainty around whether can-
cers in some trials were incident diagnoses, because
of incomplete data on the history of cancer at base-
line. However, our previous work on this data set
suggested that stratification by explicit exclusion of
cancer patients at baseline does not lead to any dif-
ferences in relative treatment effects.”

Finally, we did not examine the class-specific ef-
fects of antihypertensive medications on the risk for
each site-specific cancer and their subtypes. As each
drug class may act through different pathways (tar-
geted or known and unknown off targets), investi-
gating all potential mechanisms within a single study
is challenging and requires predefined hypotheses for
specific pathways. Therefore, assessing the effects of
specific antihypertensive drug classes, such as the
impact of renin-angiotensin system inhibitors on
colorectal cancer observed in previous studies,’®
warrants further investigation.

CONCLUSIONS

This large-scale study of individual-level data from
randomized trials has provided evidence that phar-
macologic blood pressure lowering per se is not
associated with an increased or decreased risk for
being diagnosed with incident cancer of any type or
dying of cancer. By triangulating evidence from
randomized trials and Mendelian randomization, we
have shown that a unit reduction in blood pressure,
achieved through pharmacologic intervention or
genetic means, is not consistently associated with
any cancer type. Although the possibility of an
increased risk for lung cancer associated with
pharmacologic blood pressure reduction in RCTs
data cannot be completely dismissed, the absence
of such associations in the Mendelian randomiza-
tion mitigates the likelihood that this risk is directly
attributable to blood pressure-lowering treatments.
The results of this study suggest that hypertension
or raised blood pressure is unlikely to be a cause of
cancer and that blood pressure reduction through
antihypertensive medication is safe in the context
of cancer risk.
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: In an analysis
of randomized data, which included evidence from RCTs and

naturally randomized genetic variants, we found no substantial
evidence that long-term pharmacologic blood pressure lowering

is associated with either an increased or a decreased risk for
overall incident cancer, cancer-related mortality, or selected
site-specific cancers, including breast, colorectal, kidney, pros-
tate, and skin cancers. Clinicians can consider long-term blood

pressure-lowering treatment to reduce the risk for cardiovascu-
lar disease without concern about its impact on cancer and can

reassure patients that it is not linked to increased cancer risk.

TRANSLATIONAL OUTLOOK: The “class-specific” effect of
each antihypertensive drug on the risk for different “site-spe-
cific" cancers and their subtypes requires further investigation.
Although conducting a RCT to test such a hypothesis may be
costly and potentially unfeasible, drug-target Mendelian
randomization could represent the most viable alternative to
provide randomized evidence in this context.
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