
Antihypertensive Therapy and 
Cancer Risk
Dirk C. Felmeden and Gregory Y.H. Lip

University Department of Medicine, City Hospital, Birmingham, England

Contents
Abstract  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 727
1. Hypertension and Cancer  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 728

1.1 Evidence for an Association .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 728
1.2 Possible Mechanisms of Carcinogenesis in Hypertension  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 729

2. Diuretics  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 729
2.1 What Is the Evidence?  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 729
2.2 Is There a Real Association?  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 730

3. Calcium Channel Antagonists  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 732
3.1 What Is the Evidence?  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 732
3.2 Is There a Real Association?  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 733

4. ACE Inhibitors  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 734
4.1 What Is the Evidence?  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 734
4.2 Mechanisms  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 735

5. β-Blockers  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 735
6. Other Antihypertensive Drugs  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 735
7. Discussion  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 736

Abstract The aim of this article is to provide an overview of the available data linking
antihypertensive drug therapy to cancer risk. In recent years, a number of mainly
retrospective studies have reached different conclusions on the risk of cancer in
patients with hypertension being treated with different antihypertensive drugs.
At some point or another nearly all antihypertensive drugs have been suggested
to increase the risk of cancer. Some studies have even found an association bet-
ween hypertension itself and increased carcinogenesis. For calcium channel an-
tagonists, β-blockers and α-blockers, the available evidence seems to favour a
neutral effect on cancer development and death rate. For ACE inhibitors, the
overall data suggest a similar neutral effect on cancer or, possibly, a small pro-
tective effect. Perhaps the strongest evidence in favour of a link, although prob-
ably weak, between cancer and antihypertensive drugs is with the diuretics. Until
further solid data are available from prospective clinical trials, we suggest that
the management of hypertension should continue according to current treatment
guidelines with little fear of any substantial cancer risk.
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Hypertension is one of the most prevalent cardio-
vascular risk factors in developed countries, with a
substantial impact on morbidity and mortality from
myocardial infarction and stroke. Antihypertensive
treatment has been convincingly shown to reduce
morbidity and mortality from cardiovascular and
cerebrovascular events.[1-4] However, some trials
failed to demonstrate a reduction in all-cause mor-
tality, thus raising the possibility that nonvascular
mortality from other causes, such as malignancy,
might potentially be higher in treated patients with
hypertension.

Indeed, for several years now, antihypertensive
treatment or even hypertension per se has been link-
ed to a increased risk of malignancy.[5] One recent
review of epidemiological evidence, particularly from
prospective studies, concludes that there might be
a weakly but significantly increased risk of cancer
in hypertension or its treatment.[5] Many classes of
antihypertensive drugs have been accused of in-
creasing this risk of cancer, but these studies were
mainly case-controlled and do not withstand pro-
spective randomised evaluation.[5-15]

The aim of this article is to provide an overview
of the available data linking antihypertensive drug
therapy to cancer risk. Published and unpublished
data for this review were identified by searches of
Medline, Embase, CancerLit and reference lists from
relevant articles. Searches were concentrated upon
the prevalence of cancer and antihypertensive drugs.
Representative studies for various drugs and can-
cer in patients with hypertension were included.

1. Hypertension and Cancer

1.1 Evidence for an Association

The first prospective study to report an associa-
tion between cancer risk and hypertension was per-
formed by Dyer et al.[16] in 1975. Univariate and mul-
tivariate analyses demonstrated a relationship of
systolic and diastolic blood pressure measured at
study entry to subsequent 14-year mortality among
1233 White males, including subsequent mortality
from lung, colon and other cancers. This associa-
tion remained even after adjustment for confound-

ers such as age, cholesterol and smoking, suggesting
that high blood pressure per se was associated with
an increased risk of death attributable to cancer.

Since then, several other studies have also veri-
fied hypertension to be a risk factor for cancer.[17-22]

For example, the Western Electric Health Study re-
ported an association between blood pressure and
17-year cancer mortality. The increase in cancer
appears to be at various sites, including the kidney,
colon and even the endometrium. The interaction
of other risk factors, such as diabetes mellitus, obe-
sity, smoking, age and sex, increases the complex-
ity of this issue. The duration of hypertension
seems to enhance the risk of cancer in several of
the studies.[22-24]

Furthermore, Buck and Donner[18] reported a pro-
spective observational study where the increased
cancer risk was most pronounced among newly di-
agnosed patients with moderate or severe hyperten-
sion. However, some cancers were associated with
a subsequent rise in blood pressure, suggesting that
in some instances at least, the causal direction may
be from cancer to hypertension, rather than the re-
verse.

In contrast, the Honolulu Heart Program,[25]

which was a prospective observational study, failed
to discover any significant association of hyperten-
sion with cancer after multivariate analysis. Simi-
larly, a retrospective investigation from the Glas-
gow Blood Pressure Clinic database[26] revealed no
increase in overall cancer mortality among patients
with hypertension, but a significantly higher rela-
tive risk of developing renal cell cancer. In contrast,
a large cohort study of nearly 1 million Americans
for 7 years did not find an increased risk of fatal
renal cell carcinoma in patients with hypertension.[25]

In summary, the prospect of hypertension itself
being associated with a small increase in cancer is
a possibility that cannot be disregarded on grounds
of the presently available evidence. This however
does not take into account the potential bias as a result
of unpublished negative data. Furthermore, some
of the evidence has been conflicting and may re-
flect many confounders, including differences in
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population cohorts, observational periods and
medical practice.

1.2 Possible Mechanisms of Carcinogenesis
in Hypertension

There have been several plausible theories about
possible underlying mechanism(s) linking hyper-
tension to an increase in cancer risk.

Physiological aspects of primary hypertension
include abnormalities in vascular smooth muscle
proliferation, leading to increased peripheral resis-
tance.[27] The increased proliferation of vascular
smooth muscle in spontaneous hypertensive rats
shows an exaggerated response to growth stim-
uli,[28-30] and interestingly, similar abnormalities in
growth control of vascular smooth muscle in hu-
mans can be observed in cardiovascular disease.[31-33]

For example, apoptosis and vascular wall remodel-
ling have been described in hypertension.[31] Many
of the abnormal pathways that have been originally
discovered in neoplastic growth could be linked to
carcinogenesis in hypertension.[34]

Abnormalities of carcinogen binding to DNA
have been reported in lymphocytes of patients with
hypertension.[35] Pero et al.[36] also reported that the
number of carcinogen-induced chromosomal aber-
rations in lymphocytes increased linearly with the
diastolic blood pressures of those individuals, and
high carcinogen-induced repair synthesis was also
associated with increased chromosomal damage.
Thus, patients with hypertension have a greater po-
tential for accumulating DNA damage, because of
an increased chemical reactivity of lymphocytes to
carcinogen exposure, than do normotensive indi-
viduals.[36] In spontaneous hypertensive rats there
is an amplified but variable response to carcino-
gens,[37,38] although the exact underlying mecha-
nism remain unclear.

Finally, hypertension has been associated with
abnormal angiogenesis, and this pathological pro-
cess seems to be increasingly related to carcino-
genesis.[39,40] Interestingly, increasing evidence is
also emerging for the role of angiogenesis in ath-
erosclerotic vascular disease.[41,42]

2. Diuretics

Most classes of antihypertensive drugs have
been indicted of increasing the risk of malignan-
cies at some time or another. Diuretics, with one of
the longest records of accomplishment in the treat-
ment of hypertension, are no exception.

2.1 What Is the Evidence?

Several case-control and cohort studies have
looked into the possible relationship between di-
uretic use and cancer risk (table I). One of the first
studies suggesting that diuretic therapy might be
associated with renal cell carcinoma came from a
small interview-based study of 160 incident cases
and age-, race- and sex-matched neighbourhood
controls. In this study, diuretic use appeared to be
a risk factor for cancer only in women [relative risk
(RR) = 4.5, p = 0.002].[44] This was confirmed by
a larger population-based case-control study of 518
cases and 1381 controls, where diuretic use was
also associated with an increased risk for renal cell
carcinoma among women, but not among men.[45]

Hiatt et al.[46] investigated the association bet-
ween renal cell carcinoma and the use of thiazides
in a case-control study of 257 cases and age- and
sex-matched controls, and after adjusting for the
potential confounders (smoking, body mass index,
hypertension and history of kidney infection) there
remained a significantly elevated RR of 4.0 [95%
confidence interval (CI) 1.5 to 10.8] for renal can-
cer associated with thiazide use amongst women.[41]

Similarly, Weinmann et al.[24] reported a popula-
tion-based case-control study of 206 cases of renal
cell carcinoma where the odds ratios (OR) for can-
cer associated with any use of a diuretic drug were
2.2 (95% CI 1.2 to 3.9) for men and 1.8 (95% CI
1.01 to 3.2) for women. Importantly, an increased
duration of diuretic use and increased risk of renal
cell cancer were positively associated.

In contrast, other studies have not convincingly
related cancer risk to diuretics. Chow et al.[48] stud-
ied 691 renal cell cancer cases and an equal number
of controls in a population-based case-control
study and found that antihypertensive medication,
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including diuretics, given for non-blood pressure
reducing purposes, increased cancer risk, especial-
ly among persons who reported no previous history
of hypertension. Nevertheless, after adjustment for
hypertension, the use of diuretics alone was asso-
ciated with a statistically insignificant excess risk
(OR 1.4; 95% CI 0.8 to 2.2).

The International Renal-Cell Cancer Study[49]

was a large multicentre, population-based, case-
control study of 1732 cases and 2309 sex- and age-
matched controls, and after adjustment for hyper-
tension, the risk for diuretics was reduced to unity,
except among long term (>15 years) users. How-
ever, the risk for use of nondiuretic antihyperten-
sive drugs remained significantly elevated and in-
creased further with duration of use. Because of
potential misclassifications of these highly corre-
lated variables, the investigators were unable to dis-

tinguish the effects of treatment from its indication,
hypertension.[49]

Overall, the evidence from case-controlled and
cohort studies seems to favour the association of
renal cell carcinoma and diuretic use. In a meta-
analysis by Grossman et al.,[52] the patients in 3
cohort studies who were treated with diuretics were
on average twice as likely to develop renal cell car-
cinoma than non-users of diuretics. In 9 case-con-
trolled studies, diuretic therapy was also associated
with an increased risk of renal cell carcinoma, with
an overall OR of 1.55 (95% CI 1.42 to 1.71).

2.2 Is There a Real Association?

In many studies, the relationship between di-
uretic therapy and the risk of renal cell carcinoma
became statistically not significant when corrected
for possible confounders.[43,47,48,49] However, the

Table I. Diuretics and cancer

Study Number of cases/controls Odds ratio (CI) Cancer type Comments

McCredie and Stewart[43] 489 cases, 523 controls Men: 1.82 (1.18 to 2.80)
Women: 1.44 (0.97 to 2.14)

RCC, renal
pelvis cancer

β-Blockers increased risk for
RCC and renal pelvis cancer

Yu et al.[44] 158 cases, 158 controls Men: 1.0 (0.36 to 2.81)
Women: 4.5

RCC

Finkle et al.[10] 191 cases, 191 controls Women: 3.14 RCC Risk tended to increase with
dose

Kreiger et al.[45] 518 cases, 1381 controls Men: 1.98 (1.16 to 3.37)
Women: 2.46

RCC

Hiatt et al.[46] 257 cases, 257 controls Men: NS
Women: 4.0 (1.5 to 10.8)

RCC

Mellemgaard et al.[47] 368 cases, 396 controls Men: 1.35 (0.81 to 2.25)
Women: 1.47 (0.9 to 2.40)

RCC

Weinmann et al.[24] 206 cases, 292 controls Men: 2.2 (1.2 to 3.9)
Women: 1.8 (1.01 to 3.2)

RCC

Chow et al.[48] 691 cases, 691 controls 1.4 (0.8 to 2.2) RCC Risk associated with
hypertension and diuretics
(antihypertensive drugs)

McLaughlin et al.[49] 1732 cases, 2309 controls 1.4 (1.2 to 1.7) RCC Increased risk only after >15
years use of diuretics

Heath et al.[11] 998 904 Men: 0.8 (0.4 to 1.3)
Women: 3.1

RCC Cohort study, diuretics and
antihypertensives

Mellemgaard et al.[50] 192 133 Men: 2.21
Women: 2.22

RCC Cohort study

Prineas et al.[51] 35 192 2.6 RCC Cohort study, postmenopausal
women only

Grossman et al.[52] Case-controlled: 10 195 Men: 1.69 (1.34 to 2.13)
Women: 2.01 (1.56 to 2.67)

RCC Meta-analysis of case-
controlled[6,24,39-43,46,47] and
cohort[7,48,49] studiesCohort: 1 226 229 Cohort: 2-fold

CI = confidence interval; NS = not significant; RCC = renal cell carcinoma.
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association remained significant and independent
in other studies.[6,24,44-46] In cohort studies, the re-
sults are similarly variable. Some studies demon-
strated an increased risk of renal cell carcinoma in
men and women, another only in women and one
failed to show any excess risk in patients with hy-
pertension being treated with diuretics only.[7,50,51]

Case-control studies and cohort studies are at
best hypothesis-generating even when several
studies are combined in a meta-analysis. The latter
is an important way of reducing the effects of ran-
dom error, but is impossible to correct for potential
bias present in the original studies, as well as pub-
lication bias. It is well known that positive results
are far more likely to be published than neutral or
negative results. In case-control studies and cohort
studies, one of the main obstacles is the inability
to exclude any confounding or unknown risk fac-
tors for renal cell carcinoma that are potentially
shared by both hypertension and diuretic therapy.
In many studies, data were not collected for other
confounding factors like analgesia use, which is
also strongly associated with an increased risk of
renal cell carcinoma. [45,53] A further problem with
retrospective analyses is the lack of differentiation
between different thiazide diuretics or even loop
diuretics. Furthermore, the dosages of diuretics
used in earlier studies were much higher than the
dosages of thiazide diuretics than usually pre-
scribed nowadays, risking adverse metabolic ef-
fects without any additional antihypertensive ben-
efits.[54]

Is the association between diuretics and renal
cancer at all possible? On the whole, the effects of
treatment with diuretics and other nondiuretic an-
tihypertensive drugs on renal cell cancer risk are
small. Both hypertension and use of antihyperten-
sive drugs are closely associated with diuretic use,
and because of potential misclassification of high-
ly correlated events it may be impossible to disen-
tangle fully the effects of these separate exposures.
Several possible underlying mechanisms have
nevertheless been hypothesised. The renal cell car-
cinoma originates from the renal tubular cell,
which is also the target of the thiazide diuretics. It

is conceivable that the constant chemical stimula-
tion may have a low carcinogenic effect. This is of
particular importance as hydrochlorothiazide, a
cyclic imide compound, can be converted in the
stomach to a mutagenic nitroso derivative.[55,56] In-
deed, experimental data from animal studies sug-
gest that diuretic treatment may result in nephrop-
athy and renal adenomas.[57] Similar treatment
caused tubular cells to exhibit tumour markers, as
well as causing cell degeneration and death in the
distal convoluted tubule.[58]

Diuretics may particularly increase the risk of
renal cell carcinoma in women.[43,44-46] This in-
creased risk has been postulated to be attributable
to many reasons, for example an increase in estro-
gen levels,[10,59] but Lindblad et al.[53] found an
increased risk of renal cell carcinoma in women
following oophorectomy and demonstrated a pro-
tective effect of the oral contraceptive pill. Several
potential mechanisms have been suggested for the
potential sex-specific effect of diuretic-induced re-
nal cell carcinoma. First, compared with men,
women are prescribed diuretics far more often, per-
haps because of the higher frequency of ankle oe-
dema.[60] Secondly, animal data demonstrated that
estrogen replacement in oophorectomised rats en-
hances the thiazide effect on the distal convoluted
tubule.[61]

Three studies showed an association between
the duration of diuretic therapy and increased risk
of renal cell cancer.[24,47,49] However, lower aver-
age daily dosages of diuretics had a higher carci-
nogenic effect, somewhat contradicting the possi-
bility of a cumulative dose effect of diuretics.[46]

The carcinogenicity of diuretics is, if present, prob-
ably low grade, thus requiring prospective trials to
last for more than 5 years, which is not common
practice for most clinical trials. This kind of data
will not be available in the near future. Ongoing
studies such as the Anglo-Scandinavian Cardiac
Outcomes Trial (ASCOT)[62] and analysis of the
recently terminated Antihypertensive and Lipid
Lowering Treatment to Prevent Heart Attack Trial
(ALLHAT) should provide further valuable infor-
mation. However, the planned follow-up is still not
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sufficiently long to answer the question of a rela-
tionship between diuretic use and risk of cancer,
and it is doubtful if trials of the required length will
ever be performed.

3. Calcium Channel Antagonists

Calcium channel antagonists have been used to
treat hypertension for more than 2 decades. Some
suspicion has been raised that these agents might
be related to increased risk of heart attacks, Parkin-
son’s disease, cognitive dysfunction, intra-opera-
tive and gastrointestinal bleeding.[63-67] Recently,
some studies have even suggested that calcium
channel antagonists might be associated with an
increased risk of malignancy (table II).

3.1 What Is the Evidence?

In a 4-year follow-up of 750 people with hyper-
tension using either β-blockers, ACE inhibitors or
calcium channel antagonists, the RR of cancer for
the calcium channel antagonists was 2.02 (95% CI
1.16 to 3.54) compared with β-blockers, even after
adjusting for several confounders (age, sex, race,
smoking, body mass index and number of hospital
admissions not related to cancer).[14] In a similar
prospective cohort study of 5052 people, Pahor et
al.[69] reported that the incidence of cancer in pa-
tients treated with calcium channel antagonists
compared with those not taking calcium channel
antagonists was higher (RR 1.72; 95% CI 1.27 to
2.34), after adjustment for confounding factors.
Fitzpatrick et al.[70] reported 75 women with inci-
dent invasive breast carcinoma who were retrospec-

Table II. Calcium channel antagonists (CAA) and cancer

Study Number of cases/controls Odds ratio (CI) Cancer type Comments

Jick et al.[68] 446 cases, 1750 controls 1.27 (0.98 to 1.63) All Cohort study of patients with
hypertension compared with
β-blocker users

Pahor et al.[69] 451 cases, 4601 controls 1.72 (1.27 to 2.34) Most common Prospective cohort study,
significant dose-response
gradient

Pahor et al.[14] 750 patients with
hypertension

2.02 (1.16 to 3.54) Most common Prospective study

Fitzpatrick et al.[70] 3198 cases 2.57 (1.47 to 4.49) Breast Observational study, risk
increased in combination with
estrogens

Braun et al.[71] 5611 cases, 5543 controls 1.07 (0.83 to 1.37) All Prospective cohort study

Hole et al.[72] 2297 cases, 2910 controls 1.01 (0.84 to 1.18) Fatal and nonfatal Retrospective study

Meier et al.[73] 3706 cases, 14 155 controls 0.9 (0.7 to 1.2) Breast Retrospective case-controlled

Sorensen et al.[74] 23 167 users 1.04 (0.98 to 1.11) Breast, colon Population based cohort study

Stahl et al.[75] 391 cases, 1050 controls Case-control: 1.05;
longitudinal: 1.1

Fatal Prospective case-control
study and longitudinal study

Rosenberg et al.[76] 9513 cases, 6492 controls 1.1 (0.9 to 1.3) Overall, 23 specific Case-controlled study

Olsen et al.[77] 17 911 cases All cancers: 1.0; colon: 0.8
(0.5 to 1.1)

All Prospective observational
study, short follow-up (up to 3
years)

Trenkwalder et al.[78] 137 cases, 354 controls 1.12 (0.7 to 1.8) Fatal and nonfatal Prospective cohort study,
3-year follow-up

Dong et al.[79] 11 201 patients vs active control: 1.20 (0.60
to 2.42)
vs placebo: 0.73 (0.39 to
1.39)

Fatal and nonfatal Meta-analysis of prospective
trials comparing verapamil vs
active control and placebo

Michels et al.[80] 18 635 female nurses 1.25 (0.91 to 1.72) All fatal and nonfatal
cancer

Self-reported use of CCA

CI = confidence interval.
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tively assessed for drug usage, and an elevated risk
of breast carcinoma was associated with use of cal-
cium channel antagonists (RR 2.57; 95% CI 1.47
to 4.49).

In contrast, in a large prospective study of 18 635
female nurses who were followed up for 6 years,
852 women were newly diagnosed with cancer and
335 women died of cancer: the RR of dying from
cancer associated with the self-reported use of cal-
cium channel antagonists was 1.25 (95% CI 0.91
to 1.72) after adjusting for several confounders,[80]

which was not statistically significant. Similarly,
another case-control drug surveillance study an-
alysed 9513 patients with incident cancer of vari-
ous sites and 6492 controls, and found that calcium
channel antagonist use was unrelated to the overall
risk of any cancer (RR 1.1; 95% CI 0.9 to 1.3),[76]

although there was an increased risk for renal can-
cer (RR 1.8; 95% CI 1.1 to 2.7). Alarger study using
the Danish Cancer Registry with 17 911 patients re-
ceiving prescriptions of calcium channel antago-
nists found 412 cancers amongst users of calcium
channel antagonists compared with 414 expected
from county-specific incidence rates of cancer,
suggesting the lack of any excess risk.[77] A recent
and much larger case-control analysis of 3706
postmenopausal women who were diagnosed with
incident breast cancer and 14 155 matched control
women found no increased risk of breast cancer in
women who used calcium channel antagonists (OR
0.9; 95% CI 0.7 to 1.2), ACE inhibitors (OR 1.0;
95% CI 0.7 to 1.5) or β-blockers (OR 1.0; 95% CI,
0.8 to 1.2) when compared with non-users of anti-
hypertensive drugs.[73]

In the Department of Health Hypertension Care
Computing Project (DHCCP), 11 663 patients with
treated hypertension were recruited in a matched
case-control study and a longitudinal study of sur-
vival, comparing 391 cases of cancer with 1050
controls; there was no increased cancer mortality
in this population with the use of calcium channel
antagonists.[75] Similarly, a further large cohort
study using record linkage between a population-
based prescription database, the Danish Cancer Reg-
istry and the Danish Death Registry, which in-

cluded 23 167 users of calcium channel antago-
nists, found 967 incident cases of cancer, resulting
in a standardised incidence ratio of 1.04 (95% CI
0.98 to 1.11), which was close to that expected in
the Danish population.[74] In a retrospective analy-
sis from the Glasgow Blood Pressure Clinic of 2297
patients who were prescribed calcium channel an-
tagonists, the relative risk of cancer was virtually
identical when compared with calcium channel an-
tagonist non-users.[72] Three smaller studies an-
alysing data on more than 10 000 patients with fol-
low–up of up to 10 years exhibited no significant
increase in risk of fatal or nonfatal cancer when
compared with non-users.[61,71,78] A systematic re-
view of all published randomised controlled trials
of 11 201 patients in 39 trials who were receiving
verapamil found no increased risk of cancer, can-
cer-related deaths or all-cause mortality.[79]

The nested case-controlled cohort study of Jick
et al.[68] based on 446 cases of cancer and 1750
controls found that the RR estimates for all cancers
in calcium channel antagonist users was 1.27 (95%
CI 0.98 to 1.63). There was also no evidence of cum-
ulative risk with duration of use of calcium channel
antagonists.

3.2 Is There a Real Association?

There appears to be no substantial association
between the use of calcium channel antagonists and
the incidence rate of cancer or cancer mortality.
Nonetheless, none of the above mentioned studies
are based on a prospective randomised controlled
design, resulting in some susceptibility to bias.

The best way of avoiding possible bias is a pro-
spective randomised trial. Some evidence is avail-
able from the Systolic Hypertension in Europe
(Syst-Eur) trial, where 4695 patients were ran-
domly assigned to nitrendipine, with the possible
addition of enalapril and hydrochlorothiazide, or
matching placebos.[81] At 2 years of follow-up
(which is still continuing), the use of calcium chan-
nel antagonists resulted in a 31% (p < 0.001) re-
duction of all cardiovascular end-points and in a
trend[3] to reduced cancer mortality, although sta-
tistically not significant.
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The cohort studies from the groups of Pahor,
Furberg and Psaty [4,69,70] appear to be main ones
associating calcium channel antagonists with an in-
creased cancer risk. These studies were based on
questionnaire follow-up and were not prospective-
ly randomised; thus, correction for possible con-
founders is virtually impossible. However, larger
cohort studies and even prospective trials have
failed to unearth a convincing correlation between
the use of calcium channel antagonists and cancer
risk. Generally, in the studies with larger numbers,
the RR approaches 1.0 with narrower confidence
intervals.

4. ACE Inhibitors

4.1 What Is the Evidence?

It remained largely unnoticed that in the pro-
spective Studies of Left Ventricular Dysfunction
(SOLVD) study, patients with left ventricular dys-
function treated with enalapril showed a slightly
higher incidence of malignancy than those receiv-
ing placebo (OR 1.59; CI 0.90 to 2.82) [table
III].[83] In this study, there were 38 gastrointestinal
cancers in the enalapril group compared with 22 in
the placebo group (OR 1.7). Since the SOLVD
study, several case reports have related ACE inhib-
itors to malignancies. For example, pemphigus
vulgaris, which can be associated with internal ma-
lignancies, is a known adverse effect of captopril.
One case report linked enalapril for the first time
to pemphigus vegetans with a simultaneously oc-

curring internal malignancy.[8] In a further case re-
port, Kaposi’s sarcoma appeared 8 months after the
start of captopril treatment in a 70-year-old woman
with rheumatoid arthritis. A marked reduction of
cutaneous and gastric lesions occurred when cap-
topril was stopped, suggesting a possible relation
between Kaposi’s sarcoma and the ACE inhibi-
tors.[13,15] A later study however showed inhibition
of angiogenesis in Kaposi’s sarcoma by captopril,
casting some doubt over the previous case reports.[85]

These limited data are in contrast to greater ev-
idence suggesting the lack of cancer risk with the
ACE inhibitors. In the recent large-scale Heart
Outcomes Prevention Evaluation (HOPE) trial, a
total of 9297 high risk patients treated with ramipril
or placebo for a mean of 5 years had similar num-
bers of deaths from noncardiovascular causes in
both groups (RR 1.03; CI 0.85 to 1.26; p = 0.74).[84]

Several other retrospective studies investigating
the possible association between various antihy-
pertensive drugs and cancer risk failed to discover
an increased risk with ACE inhibitor use.[14,73,75]

The possible carcinogenicity of ACE inhibitors
was further questioned when Jick et al.[68] demon-
strated a reduction in malignancies comparing
ACE inhibitors to β-blockers (RR 0.79; CI 0.58 to
1.06), although this decrease was not statistically
significant, perhaps because of small numbers. The
Scottish retrospective cohort study by Lever et al.,[82]

who compared 1559 patients taking ACE inhibitors
and 3648 on other antihypertensive drugs, demon-

Table III. ACE inhibitors and cancer

Study Number of
cases/controls

Odds ratio (CI) Cancer type Comments

Lever et al.[82] Men: 752; women: 807 Men: 0.80 (0.56 to 1.11)
Women: 0.63 (0.41 to 0.93)

female sex–specific, lung Retrospective cohort study of
hypertensive patients,
greatest benefit if follow-up
>3 years

SOLVD Investigators[83] Enalapril 2111,
placebo 2117

1.59 (0.90 to 2.82) Gastrointestinal Prospective double-blind trial

Jick et al.[68] 446 cases, 1750
controls

0.79 (0.58 to 1.06) All Retrospective cohort study,
ACE inhibitors vs β-blockers

Yusuf et al.[84] 9297 high risk patients 1.03 (0.85 to 1.26) Death from
noncardiovascular cause

All cause mortality, RR 0.84
(p = 0.005)

CI = confidence interval; RR = relative risk; SOLVD = Studies of Left Ventricular Dysfunction.
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strated a risk reduction for female sex–specific and
lung cancers (RR 0.72; CI 0.55 to 0.92).

4.2 Mechanisms

The overall evidence so far would suggest that
ACE inhibitors have a neutral effect on cancer risk
in hypertension, and might even reduce that risk.

Some animal studies have reported that capto-
pril inhibits angiogenesis and growth rate of exper-
imental tumours, thus possibly suppressing the de-
velopment and growth of new cancer.[86-88] Mitotic
activity of human mammary ductal carcinoma cells
is also inhibited by captopril, and the underlying
mechanism seems to be captopril-induced genera-
tion of the cytotoxin H2O2, inhibiting proliferation
of tumour cells.[89] There is also some evidence that
blockade of the renin-angiotensin system may in-
terfere with angiogenesis, at least in hypertension.[40]

5. β-Blockers

β-Blockers are widely used in hypertension, and
seem to be equivalent to diuretics in their effects
on strokeand coronary heart diseaseprevention.[2,90-91]

Until recently this drug class had a clean track re-
cord with regard to possible association with in-
creased cancer risk. However, a population-based
case-control study of kidney cancer in New South
Wales, Australia, changed this view.[48] McCredie
et al.[43] reviewed 489 cases of renal cell cancer and
147 cases of renal pelvic cancer, who were com-
pared with 523 controls: patients using regular β-
blockers had an increased risk for renal cell cancer
and renal pelvic cancer, with a RR of 1.5 to 1.8.

Since then, 2 further studies failed to demonstr-
ate an increased risk of cancer with the β-blockers

(table IV). In an analysis of 6528 patients with hy-
pertension from the Glasgow Blood Pressure clinic,
incident and fatal cancers were not significantly
increased in male or female patients taking aten-
olol.[26] Furthermore, the DHCCP[75] only observ-
ed 5 cancer-related deaths in 99 patients treated with
β-blockers (RR 0.719; CI 0.26 to 1.98).

In summary, there are insufficient data to sug-
gest that β-blocker use in hypertension is associ-
ated with an increase in cancer risk.

6. Other Antihypertensive Drugs

One of the first antihypertensive drugs thought
to be related to an increased risk of cancer was the
rauwolfia alkaloids, which was treatment of choice
in the past. Three retrospective investigations re-
vealed an increased risk of breast cancer in patients
with hypertension taking the rauwolfia derivative
reserpine.[7,12,92] However, an observational study[93]

and a prospective study demonstrated no signifi-
cantly increased effect of reserpine on breast can-
cer.[16] The overall evidence to suggest an increa-
sed risk of cancer in association with rauwolfia
alkaloids is not persuasive and further studies are
unlikely because these agents do not form part of
modern antihypertensive treatment.

There has been one case report linking methyl-
dopa to a drug-associated immunoblastic lympha-
denopathy.[6] Indeed, several forms of immunolog-
ical changes have been observed with methyldopa
therapy, such as haemolytic anaemia, lupus and
thrombocytopenia. In another retrospective study
of only 82 patients with biliary carcinoma, a higher
than expected prevalence of methyldopa therapy
was found.[9] It appears that the electrophilic reac-
tive metabolites of methyldopa can potentially be

Table IV. β-Blockers and cancer

Study Number of cases/controls Odds ratio (CI) Cancer type Comments

Hole et al.[26] 6528 patients with hypertension NS All Retrospective analysis,
age- and sex-matched
controls

McCredie and
Stewart[43]

489 cases of RCC, 147 renal
pelvic cancer, 523 controls

1.5 to 1.8 RCC, renal pelvis cancer Retrospective
case-controlled

Stahl et al.[75] 99 receiving β-blockers 0.719 (0.26 to 1.98) All Case-control study

CI = confidence interval; NS = not significant; RCC = renal cell carcinoma.
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involved in carcinogenesis. However, a large pro-
spective observational case-controlled study ex-
amined 11 663 patients, 425 of whom were treated
with methyldopa resulting in 34 cancer-related
deaths: the risk for cancer deaths was virtually
identical with that of the control group (RR 0.986;
CI 0.65 to 1.49).[75]

In an experimental study investigating the ef-
fects of α1-adrenoceptor antagonists on prostate
cancer cell growth, there was a significant inhibi-
tion of tumour growth.[94] These findings demon-
strate the ability of doxazosin and terazosin to sup-
press prostate cancer cell growth in vitro and in
vivo by inducing apoptosis, without affecting cell
proliferation, in keeping with a ‘cancer protective’
effect.[94]

7. Discussion

Over recent years almost every antihypertensive
drug class has been associated with an increased
cancer risk. However, close examination of the
available evidence suggests that the vast majority
of data originates from retrospective case-control-
led cohort studies with small absolute numbers and
wide confidence intervals. In addition, the major
disadvantage of retrospective cohort studies is their
susceptibility to bias. For example, recall bias would
make patients with renal cell carcinoma more
likely to recollect taking diuretics than those with
diseases unrelated to the kidney. Furthermore,
retrospective studies may not have collected all
data relevant for such analysis. For example, retro-
spective investigation of drug registries would not
allow for over-the-counter analgesics, such as the
nonsteroidal anti-inflammatory drugs, which have
also been associated with renal cancer.[95]

Some groups have been pooled the data of sev-
eral studies in meta-analyses to improve statistical
power. Meta-analysis is an important way of reduc-
ing uncertainty attributable to random error, but
this does not prevent nor correct for bias present in
the original studies. Additionally, publication bias
is of major importance, as negative results tend to
be less likely to be published and hence the data
used in the meta-analysis is at danger of being in-

complete, consequently resulting in positive find-
ings. Meta-analysis also cannot correct for statisti-
cal confounders. In particular, the effects of anti-
hypertensive drugs and hypertension itself, which
has also been associated with cancer, are difficult
to disentangle.

Allowing for these shortcomings, the available
data are not convincing for an association between
antihypertensive drugs and an increased cancer
risk. Certainly for calcium channel antagonists, β-
blockers and α-blockers, the available evidence
seems to favour a neutral effect on cancer develop-
ment and death rate. For ACE inhibitors, the over-
all data suggest a similar neutral effect on cancer
or, possibly, a small protective effect. Perhaps the
strongest evidence in favour of a link between can-
cer and antihypertensive drugs is with the diuretics.
The potential cancer-inducing effects of diuretics,
if at all present, are probably low-grade. Until fur-
ther solid data are available from prospective clin-
ical trials that are adequately powered and have
sufficiently long follow-up, we suggest that the
management of hypertension should continue with
the main drug classes according to current treat-
ment guidelines,[96,97] with little fear of any sub-
stantial cancer risk.
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