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Abstract

Objective: We prospectively investigated the independent association of hypertension, thiazide use, body mass
index, weight change, and smoking with the risk of renal cell carcinoma among men and women using biennial
mailed questionnaires.
Methods: The study population included 118,191 women participating in the Nurses’ Health Study and 48,953 men
participating in the Health Professionals Follow-up Study
Results: During 24 years of follow-up for women and 12 years for men, 155 and 110 incident cases of renal cell
carcinoma were confirmed, respectively. In multivariate models including age, body mass index (BMI), smoking and
hypertension, higher BMI was confirmed as a risk factor for women and smoking as a risk factor for men and
women. After adjusting for age, updated BMI and smoking, an updated diagnosis of hypertension was associated
with renal cell carcinoma (RCC); the relatve risk (RR) was 1.9 (95% CI 1.4–2.7) for women and 1.8 (95% CI 1.2–
2.7) for men. Based on limited data regarding the use of thiazide diuretics, we did not observe a risk associated with
their use, independent of the diagnosis of hypertension.
Conclusions: Diagnosis of hypertension, higher BMI, and increasing pack-years of smoking appear to indepen-
dently increase the risk of renal cell carcinoma.

Introduction

Body mass index (BMI) and smoking are accepted risk
factors for renal cell carcinoma (RCC). Hypertension
and anti-hypertensive medications have also been
implicated. However, the independent contribution of
each factor is not well-defined. While many studies have
reported these as individual risk factors in univariate
analyses, fewer have evaluated the independent associ-
ation of each risk factor in multivariate analyses [1–7].

The majority of published studies used a case-control
design, with information on exposures collected after the
diagnosis of RCC. Recall bias can particularly confound
analyses that include BMI and smoking. The available
prospective studies have been based on fatal cases of
RCC [8–12], with the exception of two [13, 14]. As early
stage renal cell carcinoma can be cured with surgery in
the vast majority of cases, an important subset of cases
would be excluded.

Elevated body mass index (BMI) has consistently
been found to be a risk factor for RCC in women but
less so in men [3–6, 9, 11–25]. Cigarette smoking has
been consistently identified as a risk factor for RCC in
men, but not in women [1–4, 15–20, 26–29]. In the one
prospective study that included men and women, the
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relative risk among cigarette smokers was significantly
elevated for men, but not for women [9]. Hypertension
has been variably associated with risk of RCC [1, 4, 5,
7–9, 13, 14, 16, 20, 23, 30–34], with some studies finding
an association only among women and others only
among men. The risk of RCC in users of thiazide
diuretics remains unclear [3].

Given that relatively few studies have been con-
ducted with prospective data and incident cases of
RCC among both men and women, we sought
to determine if our cohorts could contribute to the
understanding of the apparent gender discrepancy
among the previously reported risk factors. We also
wanted to investigate the independent association of
hypertension with RCC, as it is strongly associated
with obesity. Therefore, we studied the association
between hypertension, thiazide use, BMI, weight
change, and smoking and risk of RCC in two large
cohorts: the Nurses’ Health Study and the Health
Professionals Follow-up Study.

Materials and methods

Study population

The Nurses’ Health Study (NHS) cohort was established
in 1976 and is constituted of 121,700 female nurses aged
30–55 years. The Health Professionals Follow-up Study
(HPFS) cohort was established in 1986 with 51,529 male
dentists, optometrists, osteopaths, pharmacists, podia-
trists, and veterinarians aged 40–75 years. Question-
naires collected information on a variety of life-style
factors and health conditions. Every two years, follow-
up questionnaires requested updated information on
risk factors and major medical events.

Participants were excluded from the present analysis
if they reported a history of cancer, other than non-
melanoma skin cancer, at baseline. The present analysis
is based on 118,191 women and 48,953 men who pro-
vided information including height, weight, cigarette
smoking habits and if they had ever been diagnosed
with hypertension by a physician on the baseline and at
least one subsequent biennial questionnaire. On each
questionnaire, participants were asked to report any
cancer diagnosed in the previous two years. The follow-
up through 1998 in HPFS and 2000 in NHS was
greater than 90%. We also used the National Death
Index and the Postal Service to identify fatalities from
RCC that may not been reported on questionnaires; we
estimate that more than 98% of deaths were ascer-
tained [35].

Assessment of BMI, hypertension and smoking

Information on height was obtained from the baseline
questionnaire, while weight was updated on each bien-
nial questionnaire. These values are highly correlated
with actual measurement [36]. Women were asked to
record their weight at the age of 18 and men at age 21.
These values have been previously validated [37].

Participants were asked to report physician-diagnosed
hypertension, which has been shown to be reliably
reported [38, 39]. Thiazide use was asked on the 1980
questionnaire and was updated every 2–4 years.

Information on smoking initiation, cessation, and
number of cigarettes smoked was queried at baseline
and updated biennially.

Identification of renal cell carcinoma cases

A new history of kidney cancer or cancer of the urinary
tract, not including bladder cancer, was self-reported or
obtained from a death certificate from 289 NHS women
between 1976 and 2000 and from 236 HPFS men
between 1986 and 1998. Pathologic subtypes were con-
firmed by review of the medical record by a physician
blinded to the exposure data. Medical records were
obtained for 257 of 289 women (89%) and 190 of 236
men (81%). We confirmed 214 (83%) cancers of the
urinary tract, not including bladder cancer among
women, and 162 (85%) among men. We were unable to
confirm the remaining reported cases due to either
inadequate information regarding a histologic diagnosis
or an error in the reported diagnosis. Subjects were
considered cases if they had a biopsy, nephrectomy or
autopsy showing any of the histologic subtypes of car-
cinoma of the kidney recognized by the workgroup
organized by the World Health Organization in con-
junction with the Union Internationale Contre le Cancer
and American Joint Committee on Cancer in 1997,
including: clear cell, papillary, chromophobe, collecting
duct and renal cell carcinoma not otherwise classified
[40]. There were 166 female and 118 male incident cases
of histologically confirmed renal cell carcinoma. After
further excluding participants with a history of another
cancer prior to the diagnosis of RCC, there were 156
female and 110 male cases included in our analyses.

Statistical analysis

The primary analysis examined incidence rates with
person-years of follow-up as the denominator. For each
participant, person-years of follow-up were counted
from the date of return of the baseline questionnaire
until a diagnosis of RCC or death or the end of
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follow-up (31 May 2000 for NHS and 31 January 1998
for HPFS).

The study subjects were grouped according to five
categories of BMI. We first analyzed BMI based on the
weight from the baseline questionnaire. We repeated the
analysis updating BMI every two years using the most
recent weight. To minimize the potential for an effect of
the cancer diagnosis on current weight, we also consid-
ered the weight provided on the questionnaire two years
earlier. The effect of weight change was examined sub-
tracting the weight at age 18 from the weight at baseline
or an updated value, as we have done in previous studies
[41]. We created five categories of weight change: loss of
greater than 10 kg, loss of 4–10 kg, loss or gain of less
than 4 kg (referent group), gain of 4–10 kg, and gain of
greater than 10 kg. The same analysis was performed for
men, using weight at age 21.

The incidence of RCC was compared between par-
ticipants who had ever reported physician-diagnosed
hypertension and those who never reported the diag-
nosis. The association with duration of hypertension
was examined by comparing those who had reported a
duration of physician-diagnosed hypertension less than
5, 5–10, 11–15, and 16–20 years, or more than 20 years
before the time of updated information on hypertension.
Because RCC may cause hypertension, we also per-
formed analyses using a two-year lag for a diagnosis of
hypertension.

Current thiazide diuretic use was first asked in 1980 in
NHS and in 1986 for HPFS. We compared the incidence
of RCC among those who reported current thiazide use
in 1980 for women or 1986 for men with those who did
not.

To evaluate the risk associated with cigarette smok-
ing, we compared the incidence of RCC among current,
former and never smokers. Former and current smokers
were further subdivided by pack-years: 1–19, 20–39, and
40 or more.

We used the relative risk (RR) as the measure of
association defined as the incidence rate of RCC among
the participants in each exposure category divided by
the corresponding rate in the reference category. Indi-
viduals with missing information on the exposure of
interest were excluded from the relevant analysis; thus,
the total number of cases may differ. We used pooled
multivariate logistic regression to adjust simultaneously
for the other risk factors for RCC [42]. When appro-
priate, we used the Mantel-Extension test for linear
trend across categories of exposures and reported the
two-tailed p values [43].

Results

At baseline in the NHS, the average age was 42.4 years,
11.4% reported a history of hypertension, 23.2% of the
women were former smokers, and 33.1% were current
smokers. The BMI was ‡25 kg/m2 in 28.0% of the par-
ticipants and ‡30 kg/m2 in 8.1%. At baseline in the
HPFS, the average age was 54.0 years, 22.2% reported a
history of hypertension, 41.8% of the men were former
smokers, and 9.6% were current smokers. The BMI was
‡25 kg/m2 in 52.5% of the participants and ‡30 kg/m2 in
7.8%.

We confirmed the diagnosis of renal cell carcinoma in
156 women and 110 men The incidence of RCC in the
NHS cohort appears to be lower than the age-adjusted
incidence reported in the SEER data [44]. This may
indicate that this cohort has an inherently lower risk of
RCC than the general population. Alternatively, our
stringent requirement for pathology reports may have
excluded a number of true cases that were reported, but
not confirmed. The average age at diagnosis was
60.0 years for women and 65.4 years for men. Overall,
the majority of cases were described as clear cell type
(60%) or renal cell carcinoma, ‘‘not further classified’’
(28%). The remaining 12% were reported as papillary,

Table 1. Age-adjusted relative risks of renal cell carcinoma in NHS and HPFS according to body mass index (BMI) at baseline

<22.0 22.0–24.9 25.0–27.9 28.0–29.9 30.0+ p for trend

Baseline BMI – women

No. of cases 40 47 27 14 26

Person-years 1,096,199 849,189 391,559 146,728 215,463

Age-adjusted RR 1.5 (0.9–2.5) 2.1 (1.2–3.9) 2.7 (1.6–4.4) <0.001

Multivariate RRa 1.0 1.3 (0.9–2.0) 1.6 (0.9–2.5) 2.2 (1.2–4.1) <0.001

Baseline BMI – men

No. of cases 4 37 45 12 10

Person-years 49,169 196,786 189,044 53,696 41,726

Age-adjusted RR 2.1 (0.8–6.0) 2.7 (1.0–7.6) 2.5 (0.8–7.8) 2.8 (0.8–9.0) 0.06

Multivariate RRb 1.0 2.1 (0.7–5.9) 2.4 (0.9–6.8) 2.1 (0.7–6.6) 2.1 (0.7–6.8) 0.19

a Adjusted for age, hypertension and pack-years of smoking in 1976.
b Adjusted for age, hypertension and pack-years of smoking in 1986.
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chromophobe, collecting duct, and spindle cell
carcinomas. We suspect that a portion of the unspecified
RCC tumors were likely clear cell type as the standards
for pathologic assessment of RCC evolved during the
interval of this study.

In NHS, after adjusting for age, hypertension and
pack-years of cigarette smoking, the highest category of
BMI (‡30 kg/m2) in 1976 was associated with an
increased risk of RCC compared with women in the
lowest category of BMI (<22.0 kg/m2) (RR = 2.7;
95% CI = 1.6–4.6) (Table 1). There was no significant
increase in risk for women in the highest category of
BMI at age 18, updated BMI with a two-year lag, weight
change from age 18 to baseline or to updated weight
(data not shown).

Among men, the age-adjusted and multivariate rela-
tive risks were all above 2.0 for baseline BMI in 1986,
compared to the referent category, but none was sig-
nificant (Table 1). Given the small number of cases in
the top two categories of BMI, we also assessed the

relative risk for men in the top two BMI categories
combined, but the results remained non-significant (RR:
2.1; 95% CI: 0.7–6.2). Of note, the number of cases in
the referent group was small (n = 4). However, the non-
significant trend across categories corroborated a lack of
dose response. Updated BMI, BMI at age 21, weight
change from age 21 to baseline or updated values were
also unassociated with increased risk (data not shown).

Smoking was modestly related to increased risk
(Table 2). For men, there was a non-significant increase
in the risk of RCC for former smokers and current
smokers, and those with ‡40 pack-years of exposure.
There was a significant trend across the three categories
of pack-years for men (p = 0.003). For women, none of
these categories was associated with a significant risk.

After adjusting for age, pack-years and BMI, a history
of hypertension at baseline was not associated with in-
creased risk of RCC among women (RR: 1.1; 95% CI:
0.7–1.7); however, an updated diagnosis of hypertension
with a two-year lag was associated with risk (RR: 1.9;

Table 2. Age adjusted and multivariate relative risk (RR) of renal cell carcinoma in NHS and HPFS according to smoking history & updated

pack-years with two-year lag.

Never Former Current Pack-years

1–19 20–39 ‡40 p for trend

Women

No. of cases 60 68 22 30 29 24

Person-years 1,175,497 950,558 570,627 728,108 421,269 270,790

Age-adjusted RR 1.0 1.3 (0.9–1.9) 0.9 (0.6–1.5) 0.9 (0.6–1.4) 1.4 (0.9–2.2) 1.4 (0.8–2.2) 0.08

Multivariate RRa 1.0 1.3 (0.9–1.8) 0.9 (0.6–1.5) 0.9 (0.6–1.4) 1.4 (0.9–2.2) 1.3 (0.8–2.2) 0.09

Men

No. of cases 34 62 8 21 23 25

Person-years 242,598 238,211 43,095 118,852 91,932 56,527

Age-adjusted RR 1.0 1.5 (1.0–2.3) 1.3 (0.6–2.9) 1.2 (0.7–2.1) 1.5 (0.9–2.6) 2.1 (1.2–3.6) 0.002

Multivariate RRa 1.0 1.4 (0.9–2.2) 1.3 (0.6–2.9) 1.2 (0.7–2.0) 1.4 (0.8–2.5) 2.0 (1.2–3.5) 0.003

a Adjusted for age, updated BMI and hypertension (two-year lag).

Table 3. Age-adjusted multivariate relative risk of renal cell carcinoma in NHS and HPFS according to hypertension (HTN)

) HTN at baseline + HTN at baseline Two-year lag

) HTN updated + HTN updated

Women

No. of cases 129 27 82 74

Person-years 2,426,807 300,124 2,057,947 668,983

Age-adjusted RR 1.0 1.3 (0.9–2.0) 1.0 1.9 (1.4–2.7)

Multivariate RR 1.0 1.1 (0.7–1.7)a 1.0 1.9 (1.4–2.7)b

Men

No. of cases 60 49 51 58

Person-years 426,523 116,258 371,376 171,406

Age-adjusted RR 1.0 2.2 (1.5–3.2) 1.0 1.8 (1.3–2.7)

Multivariate RR 1.0 2.1 (1.4–3.1)a 1.0 1.8 (1.2–2.7)b

a Adjusted for age, BMI and pack-years in 1976 (NHS) or BMI and pack-years of smoking in 1986 (HPFS).
b Adjusted for age, updated BMI (2 year lag) and pack-years of smoking.

1102 K.T. Flaherty et al.



95%CI: 1.4–2.7) (Table 3). Toaddress the possibility that
the hypertension was caused byRCC, we also examined a
four-year lag and the magnitude of the association was
unchanged (RR: 1.9; 95% CI: 1.3–2.7). There was no
increasing association according to duration of hyper-
tension (data not shown). Among men, the risk was
significantly increased when using the diagnosis of
hypertension at baseline or after updatingwith a two-year
lag (Table 3). Amongmen, the risk did appear to increase
slightly with longer duration of hypertension (data not
shown). Thus, hypertension appears to be independently
associated with RCC risk in both women and men.

Among women and men, there was no increased risk
of RCC associated with thiazide use in the age-adjusted
or multivariate analyses (Table 4). This result was not
altered by updating thiazide use (data not shown). While
our data regarding thiazide use were not as complete as
the hypertension data, we did not find an independent
risk associated with their use. Our analysis of this factor
is limited by the same issue present in other studies,
namely the coexistence of hypertension in the vast
majority of patients prescribed thiazides.

Discussion

There are few reports of hypertension and the risk of
RCC independent of BMI and smoking. The value of
prospective data, such as the current study, is the ability
to analyze the contribution of each risk factor at mul-
tiple timepoints. Significant risks could manifest at one
interval but not another, as risk factors may have vari-
able latency with respect to the clinical appearance of
cancer. Previous reports have suggested that the risk
associated with BMI and smoking may have different
magnitudes among men and women. Our data is con-
sistent with that possibility; however, the number of
cases included in our study was too small to make
definitive comparisons across gender.

In our study, BMI was associated with a significantly
increased risk in women, but a non-significant risk was
observed in men. There was a clear dose–response with

pack-years of smoking in men, but no significant
association with smoking was observed in women.
Hypertension was associated with an increased risk of
RCC among both men and women. While the prepon-
derance of published prospective data regards risk fac-
tors in men, our study contributes more prospective
data regarding these risk factors in women.

In our cohorts, a diagnosis of hypertension was
independently associated with a significantly increased
risk of RCC in both men and women, after adjusting for
BMI and pack-years of smoking. For both cohorts, risk
was increased for a diagnosis of hypertension proximate
to the diagnosis of RCC. Considering that follow-up has
been considerably longer in the NHS cohort, it is not
clear that the association of baseline HTN with RCC
risk in men, but not women, represents a true difference
in the temporal contribution of this factor. These find-
ings contrast with those from the Iowa Women’s Health
Study in which a history of hypertension was not asso-
ciated with risk of RCC [13]. An updated analysis of this
cohort was recently published [45]. In the only other
prospective study to report on the risk of RCC and
hypertension in both men and women, the risk of RCC
was increased two-fold for women being treated for
hypertension, but not for men [9].

Previous reports have implicated antihypertensive
medications as causal agents in the carcinogenesis of
RCC [9, 13]. This issue has been difficult to resolve, as
the prevalence of exposure to these medications is so
high among hypertensive individuals. In particular,
thiazide diuretics have been reportedly associated with
an increased risk of RCC. We did not have detailed
information on dose or duration of thiazide therapy.
Therefore, we limited our analyses to the use of thiazides
at the time participants were first queried and updated
use. There was no significant association between thia-
zide use and risk of RCC among males or females. While
our study may have been underpowered to detect a
significant relation, the data from both cohorts do not
support a risk from thiazides comparable in magnitude
to that observed for hypertension.

Table 4. Age-adjusted and multivariate relative risk of renal cell carcinoma in NHS and HPFS according to thiazide diuretic use at baseline

Women Men

No use Current use in 1980 No use Current use in 1986

No. of cases 134 22 89 20

Person-years 2,500,076 226,855 493,424 49,357

Age-adjusted RR 1.0 1.5 (1.0–2.4)a 1.0 1.5 (0.9–2.5)

Multivariate RRb 1.0 1.4 (0.9–2.3) 1.0 0.8 (0.5–1.5)

a p = 0.08.
b Adjusted for age, hypertension at baseline and updated BMI.
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The mechanism by which hypertension might play a
causal role in RCC is poorly understood. The renin–
angiotensin axis might act as a promoter in
preneoplastic lesions by favoring cellular proliferation,
as angiotension II has been shown to do in the coronary
vasculature [46]. The fact that we did not see an increase
in risk of RCC with increasing duration of hypertension
suggests that hypertension may contribute to carcino-
genesis only in the later stages of the disease. It is
possible, though unlikely, that HTN led to an increase in
detection of RCC. The prevalence of humorally medi-
ated hypertension due to RCC is not well-described. In
one series of RCC cases with hypertension, renin
secretion from the tumor was demonstrated in 15% of
cases [47].

We found that elevated BMI at baseline was inde-
pendently associated with a significantly increased risk
of RCC for women but not men after adjusting for
hypertension and smoking. This risk was attenuated
when BMI was updated. This is in agreement with
findings from the Iowa Women’s Health Study [13]. This
attenuation may result from the weight reduction that
some women experience in the years preceding the
diagnosis of RCC. Our data suggest that the highest risk
of RCC may be associated with elevated BMI, present
for years before the occurrence of disease, but not nec-
essarily from youth. The lack of association between
BMI and RCC risk among men is in contrast to the
findings of the two largest prospective studies of men
[12, 14]. Our study may not have had sufficient power to
detect a true difference in risk among men as the relative
risk we observed was similar to that found in the studies
with more cases [12, 14]. The small number of cases in
the referent group limits our confidence in the risk
estimates for the higher categories. The lack of dose–
response, however, suggests that BMI is not a strong
risk factor in our male cohort.

Elevated levels of circulating growth factors may
promote tumor growth in obese individuals. Kellerer
et al. [48] examined the expression levels of the insulin
and insulin-like growth factor 1 receptors (IGF-R) in
renal cell carcinomas and adjacent normal renal paren-
chyma from biopsy material from 8 patients. They
found that both receptors were two- to four-fold over-
expressed in RCC cells compared to normal tissues. In
the few samples that did not have increased levels of
expression, there was evidence of increased receptor
autophosphorylation, suggesting that this may be an
important signal transduction pathway in RCC. Higher
circulating levels of IGF-R ligands in obese individuals
could plausibly promote tumor growth, but we know of
no reason why such a mechanism would differ among
men and women.

Smoking has been reported to be a risk factor for
RCC in prospective studies [8–10, 13, 14] and is listed as
a consistent factor by both the International Agency for
Research on Cancer and the U.S. Surgeon General.
Taken together, our data suggest a weak association
between smoking and RCC among women. These same
assessments of exposure for men point to a stronger
relation between smoking and RCC risk. The apparent
gender disparity is consistent with previous studies. The
data from this and other studies are conflicting with
regard to the relative importance of current smoking
versus cumulative exposure. Our data suggest that
smoking has an early carcinogenic effect among men.
The mechanism by which smoking affects RCC patho-
genesis may be similar to that proposed for bladder
cancer, where cigarette smoking has been implicated in
mutations in p53 [49].

Our study was limited by the number of incident
cases. We performed multiple analyses, allowing the
possibility that some of the associations were related to
chance. The agreement of our univariate risk estimates
with published univariate analyses suggests that our
findings were not due to chance. Furthermore, a careful
analysis of exposure and dose duration is not easily done
with retrospective data. Thus, we planned multiple
analyses regarding these variables to take advantage of
the available data. In light of the apparent differences in
risk factors for RCC among men and women, we chose
not to combine the male and female cohorts. Further-
more, the sample size limited the statistical power to
directly compare the relative risks between genders or to
investigate the potential interaction between risk factors.
It is possible that risk factors vary according to the
histologic subtype of RCC. However, we have neither
the statistical power nor the complete histologic classi-
fication necessary to perform such analyses. Future
studies would be strengthened by central pathologic
review.

Our study is among the largest, prospective analyses
to date of the independent associations of hypertension,
thiazide use, obesity, and smoking among fatal and non-
fatal cases of RCC in men and women. With assessment
of exposure prior to the diagnosis of carcinoma, the
prospective design of this study avoids recall bias. By
requiring histologic evidence of RCC, we avoided some
of the misclassification of cases that may occur in studies
that are limited to fatal cases and data from death cer-
tificates. In addition, studies that did not segregate renal
pelvis from parenchymal tumors may have been influ-
enced by the differences in risk factors for cancer of the
renal pelvis [23, 28].

In summary, we found that hypertension was associ-
ated with increased risk of renal cell carcinoma in men
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and women. Thiazide use did not appear to account for
this risk. BMI was associated with a significantly in-
creased risk only in women and increasing pack-years of
smoking was associated with increased risk only in men.
The increasing incidence of RCC may be due, in part, to
increases in the prevalence of these modifiable risk fac-
tors. The mechanisms by which these factors influence
the development of RCC require further investigation.
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