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1   |   INTRODUCTION

Kidney  cancer  burden  has  increased  over  recent  de-
cades,  and  while  incidence  is  highest  among  men,  its 
impact  is not negligible among women, being the 10th 
most common cancer  in women  in Europe.1 Most kid-
ney cancers are renal cell carcinomas (RCC), accounting 
for 85%– 90% of diagnoses, and of these, around 70% are 
clear cell renal cell carcinoma (ccRCC).2,3 While RCC is 
twice  as  common  among  men  compared  with  women, 
there  is  variation across histological  subtypes.  In com-
parison  to  ccRCC,  papillary  RCC  cases  are  less  likely 
to  be  female,  while  chromophobe  RCC  cases  are  more 
likely to be female.3 In addition to sex, established risk 
factors  for  RCC  include  older  age,  cigarette  smoking, 
obesity and hypertension.2

Given the sex difference in kidney cancer, it has been 
suggested that hormonal factors might play a role. Women 
are exposed  to  fluctuating patterns of  sex hormone con-
centrations (particularly oestrogens) during their lifetime, 

largely  dependent  on  the  timing  of  menstruation,  preg-
nancy  and  menopause.  There  are  several  mechanisms 
through  which  oestrogen  could  plausibly  be  involved  in 
the prevention or promotion of tumour development, in-
cluding the regulation of apoptosis and genes involved in 
cell proliferation.4 Therefore, pregnancy and other factors 
related to oestrogen and progesterone exposure, including 
exogenous  hormone  use  and  surgical  removal  of  repro-
ductive organs, are commonly proposed potential factors 
involved in cancer development in women and might be 
relevant  for  cancers  with  a  sex  difference  in  incidence 
rates.

The  roles  of  these  exposures  have  been  extensively 
studied  in  some  cancers  including  breast  and  ovarian 
cancer,  for  which  nulliparity  is  an  established  risk  fac-
tor.5 However, preliminary evidence suggests that kidney 
cancer does not follow the same trend, and higher parity 
may be associated with greater RCC incidence.5 Kidney- 
specific  physiological  changes  in  pregnancy  need  to  be 
considered  to  assess  the  role  of  reproductive  factors  in 
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Abstract
Background: Renal cell carcinoma (RCC) is twice as common among men com-
pared with women, and hormonal  factors have been  suggested  to partially ex-
plain this difference. There is currently little evidence on the roles of reproductive 
and hormonal risk factors in RCC aetiology.
Materials & Methods: We investigated associations of age at menarche and age 
at menopause, pregnancy- related factors, hysterectomy and ovariectomy and ex-
ogenous  hormone  use  with  RCC  risk  among  298,042  women  in  the  European 
Prospective Investigation into Cancer and Nutrition (EPIC) study.
Results: During  15 years  of  follow- up,  438  RCC  cases  were  identified.  Parous 
women had higher rates of RCC compared with nulliparous women (HR = 1.71, 
95% CI 1.18, 2.46), and women who were older at age of first pregnancy had lower 
rates of RCC (30 years + vs. <20 years HR = 0.53, 95% CI 0.34, 0.82). Additionally, 
we identified a positive association for hysterectomy (HR = 1.43 95% CI 1.09, 1.86) 
and bilateral ovariectomy (HR = 1.67, 95% CI 1.13, 2.47), but not unilateral ova-
riectomy (HR = 0.99, 95% CI 0.61, 1.62) with RCC risk. No clear associations were 
found for age at menarche, age at menopause or exogenous hormone use.
Conclusion: Our  results  suggest  that  parity  and  reproductive  organ  surgeries 
may play a role in RCC aetiology.
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RCC risk. During pregnancy, kidneys increase in size due 
to  fluid  retention,  and  the  glomerular  filtration  rate  in-
creases by 50%. These changes are likely caused by a com-
bination of hormonal and mechanical factors.6 Aside from 
pregnancy,  oestrogen- related  pathways  have  been  impli-
cated in RCC aetiology because there is a strong positive 
association  between  obesity  and  RCC  risk,  and  adipose 
tissue is a source of oestrogen.7

The role of reproductive and hormonal risk factors in 
RCC aetiology remains unclear, and evidence on variabil-
ity across histological subtypes is sparse and inconclusive. 
We  aimed  to  examine  the  associations  of  age  at  men-
arche  and  age  at  menopause,  pregnancy- related  factors, 
hysterectomy  and  ovariectomy  and  exogenous  hormone 
use with RCC risk (overall and ccRCC) among women in 
the  European  Prospective  Investigation  into  Cancer  and 
Nutrition (EPIC) cohort.

2   |   METHODS

2.1  |  Study population

EPIC is an ongoing multi- centre cohort study designed to 
investigate  the  relationships between dietary, metabolic, 
genetic  and  lifestyle  factors  and  the  incidence  of  cancer 
and  other  chronic  diseases  in  adults  from  23  centres  in 
10  European  countries  (Denmark,  France,  Germany, 
Greece,  Italy,  the  Netherlands,  Spain,  Sweden,  Norway 
and the United Kingdom).8 The study protocol has been 
described in detail previously.8,9 Briefly, most participants 
were  recruited  from  the  general  population,  with  some 
centres recruiting blood donors or members of health in-
surance programmes. Approximately 520,000 participants 
including  around  370,000  women,  mostly  aged  between 
35  and  70 years,  were  enrolled  between  1992  and  2000. 
All participants provided written  informed consent. The 
Institutional  Review  Board  of  the  International  Agency 
for Research on Cancer and  the  local ethics committees 
approved the study.

2.2  |  Ascertainment of outcome

Incident  cases  of  RCC  were  identified  via  population- 
based  cancer  registries  or  through  active  follow- up  (via 
linkage with medical and health insurance records or con-
tacting participants or their next of kin).

Women  diagnosed  with  an  incident  histologically 
confirmed  RCC  (Second  revision  of  the  International 
Classification  of  Diseases  for  Oncology  [ICD- O- 2]  code 
C64.9) were identified as cases. Morphology code 8310/3 
was used to identify ccRCC cases.

2.3  |  Exposure assessment

Hormonal  and  reproductive  history,  including  age  at 
first and last menstrual cycle, menopause status, number 
of full- term pregnancies, age at first pregnancy, breast-
feeding duration, hysterectomy and ovariectomy, use of 
oral  contraceptive  pills  (OCs)  and  use  of  hormone  re-
placement therapy (HRT) were assessed using standard-
ised  questionnaires  at  the  baseline  visit.  Reproductive 
history information was collected on all women except 
for  a  subset  of  participants  in  The  Netherlands  and 
Sweden. History of hysterectomy and ovariectomy was 
collected  at  most  centres  but  is  incomplete  for  partici-
pants recruited in Sweden and Norway (history of hys-
terectomy  missing  for  87%  of  women  in  Sweden  and 
25% in Norway; history of ovariectomy missing for 98% 
of women in Sweden and 99% in Norway). Menopausal 
status was defined based on menstrual status in the past 
12 months, use of exogenous hormones and age, as de-
tailed previously.10

The questionnaires additionally collected information 
on  smoking  habits,  educational  attainment  and  medical 
history, including hypertension. Height and weight were 
self- reported or measured by trained staff  following uni-
form procedures, depending on the centre.

2.4  |  Statistical methods

Cox  proportional  hazards  models  were  used  to  estimate 
hazard  ratios  (HRs)  and  95%  confidence  intervals  (CIs) 
for incident RCC in relation to age at menarche (<12, 12, 
13, 14, 15+ years), menopause status (premenopausal, pe-
rimenopausal, postmenopausal), age at menopause (<46, 
46– 48, 49– 51, 52– 54, 55+ years), any full- term pregnancy 
(no,  yes),  number  of  full- term  pregnancies  (among  pa-
rous women; 1, 2, 3, 4+), age at first full- term pregnancy 
(among  parous  women;  <20,  20– 24,  25– 29,  30+  years), 
total duration of breastfeeding (among parous women; 0, 
<3, 3– 8, 9+ months), hysterectomy (no, yes), ovariectomy 
(no,  bilateral,  unilateral),  ever  use  of  OC  pill  (no,  yes), 
HRT  use  (never,  past,  current),  duration  of  OC  pill  use 
(among users; <2, 2– 5, 6– 10, 11+ years) and duration of 
HRT use (among ever users; <2, 2– 5, 6+ years). Age was 
used  as  the  underlying  timescale  for  all  Cox  models.  In 
constructing the models, time of entry into the study was 
age at recruitment, and time of exit was the age at RCC di-
agnosis, death, loss to follow- up or censoring, whichever 
occurred first. The end of follow- up was defined as the lat-
est date of complete  follow- up (for cancer diagnosis and 
vital status), which varied across centres and was no later 
than November 2015. Schoenfeld residuals were used  to 
investigate  the  proportional  hazards  assumption,  and 
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there was no evidence of violation. The first set of mod-
els were stratified by country and adjusted for body mass 
index (BMI, continuous), smoking status (never, former, 
current) and highest level of education (none or primary 
school,  secondary  school,  technical/professional  school, 
longer education). A second set of models were addition-
ally adjusted for age at menarche and menopause status to 
investigate the role of exposures after accounting for these 
key  markers  of  menstrual  cycle  timing,  with  the  excep-
tion of models for surgical procedures (hysterectomy and 
ovariectomy) which were additionally adjusted for age at 
menarche only. The final set of models were additionally 
mutually adjusted for the other exposure variables within 
three separate sets of related exposures (pregnancy, surgi-
cal procedures and exogenous hormone use). Additional 
models for menopause status and age at menopause were 
restricted to women without a reported hysterectomy or 
bilateral ovariectomy. All covariates were selected a priori 
based  on  a  literature  review.  Data  on  participants  from 
Greece were not available for the current analyses. In ad-
dition, participants were excluded from all analyses if they 
were  missing  smoking  status,  highest  level  of  education 
or  age  at  menarche.  For  exposures  included  in  a  mutu-
ally adjusted model, participants were excluded from all 
models  if  they had missing data  for any of  the variables 
from that set.

The  analyses  above  were  repeated  for  ccRCC  cases, 
with cases of other histological  subtypes and  those with 
no subtype specified censored at the time of diagnosis.

As a sensitivity analysis, the same models (for overall 
RCC) were run excluding the first 3 years of follow- up for 
all participants. Additionally, because some exposures of 
interest  may  be  causally  related  to  BMI  at  the  baseline 
visit,  we  ran  separate  models  adjusting  for  BMI  at  age 
20 years (using height at baseline and self- reported weight 
at age 20). Because reported weight at age 20 is not avail-
able for all participants, we also fitted models adjusted for 
BMI at baseline among this smaller subset of participants 
for comparison. Hypertension was not adjusted for in the 
main analyses because  it may be on  the causal pathway 
between reproductive and hormonal factors and develop-
ment of RCC; however, we conducted a secondary analy-
sis with further adjustment for hypertension status.

All analyses were performed using R version 4.1.0. Cox 
regression models were fitted using the survival package.

3   |   RESULTS

3.1  |  Baseline characteristics

A total of 298,042 women without missing data on smok-
ing,  education or age at menarche were  included  in  the 

analysis (Figure 1). During a median follow- up of 15 years 
(IQR 13.5, 16.4), 438 incident RCC cases were identified. 
Median age at recruitment was 51 years for all participants 
and 56 years  for cases. Almost half of participants  (46%) 
were  postmenopausal  at  baseline.  The  most  common 
age  at  menarche  was  13 years  (26%).  Most  participants 
(83%) had at least one full- term pregnancy, with 9% hav-
ing four or more full- term pregnancies, and the majority 
(78%) of  first pregnancies occurring between the ages of 
20– 29 years. More than a third (39%) of women reported 
never using OC pills, and 71% of women reported no HRT 
use  (including  premenopausal  women  who  did  not  an-
swer the question on HRT use and were assumed to have 
never used HRT) (Table 1). Among women without miss-
ing data on hysterectomy or ovariectomy, 12% had under-
gone a hysterectomy and 8% either unilateral or bilateral 
ovariectomy; 27% of women with a hysterectomy also had 
a bilateral ovariectomy, and 92% of women with a bilateral 
ovariectomy also had a hysterectomy.

3.2  |  Associations of reproductive and 
hormonal factors with RCC risk

The data from this study did not show evidence of an as-
sociation  between  age  at  menarche  (HR  0.91  [95%  CI 
0.65, 1.27] for age 15+ compared with under 12 years) or 
menopausal status and RCC risk (HR 0.97 [95% CI 0.66, 
1.42] for postmenopausal compared with premenopausal) 
(Table 2). Among postmenopausal women, age 49– 51 at 
menopause  compared  with  under  46 years  appeared  to 
be associated with lower RCC risk (HR 0.64 [95% CI 0.45, 
0.91]),  but  there  was  no  clear  association  for  other  ages 
at menopause, and there was less evidence of association 
in the subset of women without hysterectomy or bilateral 
ovariectomy (HR for age 49– 51 vs. <46 years: 0.78 [95% CI 
0.46, 1.32]).

Estimated  HRs  and  95%  CIs  of  pregnancy- related  ex-
posures with RCC risk are shown in Table 3. Having had 
at  least  one  full- term  pregnancy  was  associated  with  a 
1.71- fold higher  rate of RCC compared with having had 
no full- term pregnancies (HR 1.71 [95% CI 1.18, 2.46], ad-
ditionally  adjusted  for  age  at  menarche  and  menopause 
status). We did not find evidence for an association with 
RCC for number of full- term pregnancies or total duration 
of breastfeeding among parous women. Older age at first 
full- term pregnancy was associated with lower RCC risk 
(HR 0.53 [95% CI 0.34, 0.82] for age 30+ compared with 
less than 20 years). Mutual adjustment across pregnancy- 
related exposures had minimal impact on estimates.

Associations  of  reproductive- related  surgical  proce-
dures with risk of RCC are shown in Table 4. Hysterectomy 
(HR  1.43  [95%  CI  1.09,  1.86])  and  bilateral  ovariectomy 
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(HR 1.67 [95% CI 1.13, 2.47]), but not unilateral ovariec-
tomy (HR 0.99 [95% CI 0.61, 1.62]) were associated with 
higher  RCC  incidence  compared  with  not  having  these 
procedures.  After  mutual  adjustment,  HRs  for  hysterec-
tomy and bilateral ovariectomy remained in the direction 
of positive associations, but the magnitudes of both esti-
mates were attenuated.

Associations of exogenous hormone use with RCC risk 
are shown in Table 5. We found no clear evidence of asso-
ciations between OC pill use, HRT use or duration of OC 
pill or HRT use with RCC risk.

Analyses  of  ccRCC  included  156  cases  (Table  S1). 
Because  of  the  small  number  of  cases,  most  risk  esti-
mates for ccRCC were accompanied by high uncertainty 
(Supplementary Tables S2– S5). In contrast to overall RCC, 
we  found  evidence  of  lower  ccRCC  risk  for  postmeno-
pausal  compared  with  premenopausal  women  (HR  0.52 
[95% CI 0.29, 0.93]) (Table S2), but no associations for hys-
terectomy  (HR  1.02  [95%  CI  0.60,  1.73])  or  ovariectomy 

(bilateral:  HR  0.88  [95%  CI  0.36,  2.18])  with  ccRCC  risk 
(Table S4).

Results  were  similar  after  excluding  the  first  3 years 
of  follow- up  (Tables  S6– S9).  There  were  no  notable  dif-
ferences  in  results  from  models  adjusted  for  BMI  at  age 
20 years  compared  to  BMI  at  baseline  among  137,826 
women  who  reported  weight  at  age  20  (Table  S10). 
Additionally,  no  qualitative  differences  were  observed 
after further adjusting for hypertension status (Table S11).

4   |   DISCUSSION

We  explored  the  associations  between  reproductive 
and  hormonal  factors  and  risk  of  RCC  among  women 
in  a  large,  prospective  European  cohort  including  438 
cases.  Overall,  we  found  evidence  to  suggest  that  par-
ity and reproductive organ surgeries may be associated 
with  higher  RCC  risk;  furthermore,  older  age  at  first 

F I G U R E  1  Flow chart of participants included in analyses of reproductive and hormonal risk factors for renal cell carcinoma among 
women in the European Prospective Investigation into Cancer and Nutrition study.
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status, education, or
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291,977 women
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women
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T A B L E  1   Baseline health, lifestyle and demographic 
characteristics for the full cohort and incident RCC cases among 
women in the EPIC study.

Total
Incident RCC 
cases

N 298,042 438

Follow- up time (years) 
(median [IQR])

14.9 [13.5, 16.4] 9.5 [5.0, 12.9]

Age at recruitment (years) 
(median [IQR])

51.0 [45.1, 57.2] 55.8 [50.3, 61.8]

BMI (kg/m2) (median 
[IQR])

24.0 [21.8, 27.0] 25.5 [23.1, 29.0]

Smoking status (%)

Never 166,741 (56) 221 (50)

Current 60,520 (20) 120 (27)

Former 70,781 (24) 97 (22)

Highest level of education (%)

None or primary school 
completed

84,708 (28) 208 (47)

Secondary school 72,392 (24) 57 (13)

Technical/professional 
school

70,243 (24) 118 (27)

Longer education (incl. 
University deg.)

70,699 (24) 55 (13)

Country (%)

France 61,982 (21) 4 (1)

Italy 31,082 (10) 69 (16)

Spain 25,118 (8) 42 (10)

United Kingdom 44,488 (15) 50 (11)

The Netherlands 26,965 (9) 53 (12)

Germany 27,814 (9) 54 (12)

Sweden 20,243 (7) 51 (12)

Denmark 28,173 (9) 61 (14)

Norway 32,177 (11) 54 (12)

Menopausal status (%)

Premenopausal 103,156 (35) 63 (14)

Perimenopausal 58,456 (20) 75 (17)

Postmenopausal 136,430 (46) 300 (68)

Age at menopause (years; among postmenopausal women) (%)

<46 22,929 (17) 66 (22)

46– 48 19,632 (14) 45 (15)

49– 51 31,851 (23) 59 (20)

52– 54 22,481 (16) 64 (21)

55+ 8600 (6) 21 (7)

Missing 30,937 (23) 45 (15)

Age at menarche (years) (%)

<12 45,056 (15) 64 (15)

12 63,426 (21) 82 (19)

(Continues)

Total
Incident RCC 
cases

13 77,223 (26) 104 (24)

14 64,924 (22) 100 (23)

15+ 47,413 (16) 88 (20)

Full- term pregnancy (%)

No 45,234 (15) 31 (7)

Yes 246,743 (83) 404 (92)

Missing 6065 (2) 3 (1)

Number of full- term pregnancies (among parous women) (%)

1 45,329 (18) 68 (17)

2 116,205 (47) 185 (46)

3 54,443 (22) 88 (22)

4+ 23,098 (9) 55 (14)

Missing 7668 (3) 8 (2)

Age at first full- term pregnancy (years; among parous women) 
(%)

<20 19,738 (8) 57 (14)

20– 24 106,776 (43) 150 (37)

25– 29 85,776 (35) 154 (38)

30+ 33,657 (14) 42 (10)

Missing 796 (0) 1 (0)

Total duration of breastfeeding (months; among parous women) 
(%)

0 34,978 (14) 47 (12)

<3 49,334 (20) 77 (19)

3– 8 69,503 (28) 125 (31)

9+ 73,843 (30) 121 (30)

Missing 19,085 (8) 34 (8)

Hysterectomy (%)

No 239,270 (80) 288 (66)

Yes 31,083 (10) 81 (18)

Missing 27,689 (9) 69 (16)

Ovariectomy (%)

No 222,675 (75) 284 (65)

Bilateral 8352 (3) 28 (6)

Unilateral 9923 (3) 19 (4)

Missing 57,092 (19) 107 (24)

Ever use of OC pill (%)

No 115,074 (39) 228 (52)

Yes 181,742 (61) 205 (47)

Missing 1226 (0) 5 (1)

Duration of OC pill use (years; among ever OC users) (%)

<2 32,946 (18) 46 (22)

2– 5 52,375 (29) 50 (24)

T A B L E  1   (Continued)

(Continues)
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pregnancy  may  be  inversely  associated  with  RCC.  We 
found no strong evidence  for associations between age 
at menarche, age at menopause or exogenous hormone 
use with RCC risk.

4.1  |  Summary of findings and 
comparison to the literature

In this study, age at menarche and menopause status were 
not associated with RCC risk, nor was age at menopause 
among  postmenopausal  women  (after  excluding  partici-
pants with a hysterectomy or bilateral ovariectomy). We 
did  find  evidence  of  an  association  between  menopause 
status  and  ccRCC  risk  (lower  risk  for  postmenopausal 
compared  with  premenopausal  women).  In  contrast, 
one previous study reported a higher risk of overall RCC 
for  peri-   and  postmenopausal  versus  premenopausal 
women.11 This discrepancy may be explained by the dif-
ferences in how menopausal status was defined. They in-
cluded women with bilateral ovariectomy or hysterectomy 
in the peri-  and postmenopausal groups, and in our study 
we  observed  that  these  procedures  are  associated  with 
higher  risk  of  RCC.  Our  results  were  largely  consistent 
with previous cohort studies that reported no association 
between age at menarche11– 14 or age at menopause12,13,15 
with RCC risk, however, one investigation in two cohorts 
of postmenopausal women found evidence of an inverse 
association between age at menarche and RCC risk,15 and 
one cohort study reported higher risk for younger age at 
menopause.14

We found evidence of higher RCC risk among women 
with at least one full- term pregnancy compared with those 
with none, and an inverse association between age at first 
full- term pregnancy and RCC risk. However, we found no 
evidence supporting a role for number of pregnancies or 
duration  of  breastfeeding  in  RCC  risk.  Our  findings  are 
consistent with a 2013 meta- analysis that reported a rela-
tive risk of 1.23 (95% CI 1.10, 1.36) for parity versus nulli-
parity and kidney cancer risk.16 In contrast to our results, 
previous  studies  have  reported  higher  RCC  risk  among 
women  with  a  higher  compared  with  lower  number  of 
births.12,13,17 Cohort studies have generally reported no as-
sociation for age at first birth and RCC risk,11,15 but several 
did report evidence suggestive of a possible inverse associ-
ation.13,17 In addition to the larger size and increased func-
tion of the kidneys during pregnancy, there are also several 
biochemical alterations, and the ureters are compressed,6 
all of which have the potential to add physiological stress 
and may contribute to an increased risk of RCC develop-
ment. A cohort of women in Taiwan were followed from 
time of first childbirth for risk of kidney cancer mortality. 
In contrast to the consistently null or inverse associations 
between age at first birth and risk of RCC diagnosis, the 
Taiwan  study  found  a  positive  association  between  age 
at  first birth and kidney cancer mortality.18 It  is difficult 
to  compare  results  between  analyses  of  kidney  cancer 
incidence and mortality due  to  the  strong differences  in 
long- term survival by tumour stage. Cohort studies with 
comprehensive  information  on  tumour  stage  and  grade 
are required  to  investigate whether  there are  indeed dif-
fering associations for kidney cancer incidence and mor-
tality, and the extent  to which such differences could be 
due to stage at diagnosis and tumour aggressiveness.

Our  findings  indicated  strong  positive  associations 
between  hysterectomy  and  bilateral  (but  not  unilateral) 
ovariectomy  with  RCC  risk.  These  associations  were  at-
tenuated  after  mutual  adjustment,  which  is  not  surpris-
ing given the high level of overlap in participants having 
these  surgeries  (almost  all  women  who  had  a  bilateral 
ovariectomy  also  had  a  hysterectomy).  Furthermore, 
this  overlap  means  that  caution  is  required  in  drawing 
conclusions  on  the  aetiologic  role  of  each  surgery.  Our 
results  are  consistent  with  a  meta- analysis  that  found  a 
summary relative risk for kidney cancer of 1.29 (95% CI 
1.16, 1.43) for women who have had a hysterectomy com-
pared with those who have not.19 Subsequent studies have 
similarly  reported  a  higher  risk  of  RCC/kidney  cancer 
associated  with  hysterectomy,  with  HRs  of  1.28  (95%  CI 
1.03, 1.60)  in  the Women's Health  Initiative,20 1.32  (95% 
CI 1.11, 1.56)  in a  retrospective cohort  study of Western 
Australian women,21 and 1.42  (95% CI 1.01, 2.00)  in  the 
Netherlands  Cohort  Study.14  In  contrast  to  our  findings, 
the Netherlands Cohort Study also  found an association 

Total
Incident RCC 
cases

6– 10 40,435 (22) 55 (27)

11+ 39,380 (22) 42 (20)

Missing 16,606 (9) 12 (6)

HRT (%)

Never 212,987 (71) 283 (65)

Past 21,998 (7) 46 (11)

Current 51,005 (17) 80 (18)

Missing 12,052 (4) 29 (7)

Duration of HRT use (years; among past or current HRT users) 
(%)

<2 25,546 (35) 46 (37)

2– 5 25,503 (35) 31 (25)

6+ 16,819 (23) 37 (29)

Missing 5135 (7) 12 (10)

Abbreviations: BMI, body mass index; HRT, hormone replacement therapy; 
IQR, interquartile range; OC, oral contraceptive.

T A B L E  1   (Continued)
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between  hysterectomy  and  ccRCC,  with  an  HR  of  1.63  (95%  CI  1.08,  2.45).14  Previous  findings  are  inconclusive 

T A B L E  2   Hazard ratios and 95% confidence intervals for renal cell carcinoma risk by age at menarche, menopause status, and age at 
menopause in the EPIC study.

Exposure Category
Number 
of cases

Adjusted for BMI, 
smoking status and 
education  
HR (95% CI)a

Additionally 
adjusted for age  
at menarche  
HR (95% CI)b

Restricted to women without 
hysterectomy or bilateral 
ovariectomy  
Number of cases HR (95% CI)b

Age at menarche 
(years)

<12 64 Reference

12 82 0.90 (0.65, 1.25)

13 104 0.89 (0.65, 1.22)

14 100 0.89 (0.65, 1.23)

15+ 88 0.91 (0.65, 1.27)

Menopause status Premenopausal 63 Reference Reference 58 Reference

Perimenopausal 75 1.04 (0.70, 1.55) 1.04 (0.70, 1.55) 49 1.14 (0.73, 1.78)

Postmenopausal 300 0.96 (0.66, 1.41) 0.97 (0.66, 1.42) 181 0.97 (0.63, 1.48)

Among postmenopausal women

Age at 
menopause 
(years)

<46 66 Reference Reference 22 Reference

46– 48 45 0.81 (0.56, 1.19) 0.81 (0.55, 1.19) 29 1.06 (0.61, 1.84)

49– 51 59 0.64 (0.45, 0.92) 0.64 (0.45, 0.91) 40 0.78 (0.46, 1.32)

52– 54 64 0.97 (0.68, 1.37) 0.96 (0.68, 1.37) 44 1.13 (0.67, 1.89)

55+ 21 0.81 (0.50, 1.34) 0.81 (0.49, 1.33) 18 1.20 (0.64, 2.26)
aStratified by country and adjusted for BMI, smoking status, and education.
bStratified by country and adjusted for BMI, smoking status, education, and age at menarche.

T A B L E  3   Hazard ratios and 95% confidence intervals for renal cell carcinoma risk by reproductive factors in the EPIC study.

Exposure Category
Number 
of cases

Adjusted for BMI, 
smoking status and 
education  
HR (95% CI)a

Additionally adjusted 
for age at menarche and 
menopause status  
HR (95% CI)b

Mutually adjusted  
HR (95% CI)c

Full- term pregnancy No 31 Reference Reference

Yes 404 1.71 (1.18, 2.47) 1.71 (1.18, 2.46)

Among parous women only

Number of full- term 
pregnancies

1 68 Reference Reference Reference

2 173 1.00 (0.75, 1.33) 1.00 (0.75, 1.33) 0.97 (0.72, 1.31)

3 82 0.91 (0.66, 1.26) 0.91 (0.66, 1.27) 0.90 (0.63, 1.29)

4+ 54 1.12 (0.77, 1.62) 1.13 (0.78, 1.63) 1.14 (0.75, 1.72)

Age at first full- term 
pregnancy (years)

<20 53 Reference Reference Reference

20– 24 137 0.55 (0.40, 0.76) 0.55 (0.40, 0.76) 0.56 (0.40, 0.78)

25– 29 148 0.73 (0.52, 1.02) 0.74 (0.53, 1.03) 0.73 (0.52, 1.04)

30+ 39 0.53 (0.34, 0.81) 0.53 (0.34, 0.82) 0.51 (0.32, 0.81)

Total duration of 
breastfeeding 
(months)

0 47 Reference Reference Reference

<3 77 1.01 (0.70, 1.45) 1.01 (0.70, 1.45) 1.00 (0.69, 1.44)

3– 8 124 1.02 (0.73, 1.44) 1.02 (0.73, 1.44) 1.01 (0.71, 1.42)

9+ 121 0.87 (0.61, 1.23) 0.87 (0.62, 1.23) 0.84 (0.59, 1.21)
aStratified by country and adjusted for BMI, smoking status and education.
bStratified by country and adjusted for BMI, smoking status, education, age at menarche and menopause status.
cStratified by country and adjusted for BMI, smoking status, education, age at menarche, menopause status and mutually adjusted for the other pregnancy- 
related exposures.
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for  ovariectomy,  with  several  cohorts  reporting  no  asso-
ciation but an estimate in the direction of higher risk of 
kidney  cancer  for  those  with  versus  without  a  bilateral 
ovariectomy,12,13,20  and  one  additionally  stating  that  risk 
was  similar  for  unilateral  and  bilateral  procedures.15 
While changes in circulating sex hormone concentrations 
may potentially explain the associations we found for re-
productive organ surgeries, there are several other likely 
explanations  as  well.  Women  undergoing  such  surger-
ies may access health services more  frequently and may 
have incidental diagnoses of asymptomatic RCC detected 
through  imaging. Additionally,  the underlying condition 

that led to having a hysterectomy or ovariectomy or medi-
cation use prior to or following the procedure, rather than 
the surgery itself, may be related to RCC development. In 
future studies, it would be of interest to investigate the rea-
sons for having these surgical procedures, but detailed in-
formation of this sort is rarely collected in cohort studies.

We did not find evidence for a role of exogenous hor-
mone  use  in  RCC  development,  which  is  in  agreement 
with previous findings in a European population14 Meta- 
analyses have reported kidney cancer relative risks of 0.89 
(95% CI 0.82, 0.98) and 1.08  (95% CI 0.96, 1.22)  for ever 
users versus non- users of OCs and HRT, respectively.22,23 

T A B L E  4   Hazard ratios and 95% confidence intervals for renal cell carcinoma risk by hysterectomy and ovariectomy status in the EPIC 
study.

Exposure Category
Number 
of cases

Adjusted for BMI, 
smoking status and 
education  
HR (95% CI)a

Additionally adjusted for 
age at menarche  
HR (95% CI)b

Mutually adjusted  
HR (95% CI)c

Hysterectomy No 257 Reference Reference Reference

Yes 72 1.43 (1.10, 1.87) 1.43 (1.09, 1.86) 1.32 (0.95, 1.84)

Ovariectomy No 284 Reference Reference Reference

Bilateral 28 1.68 (1.13, 2.48) 1.67 (1.13, 2.47) 1.33 (0.83, 2.14)

Unilateral 17 1.00 (0.61, 1.63) 0.99 (0.61, 1.62) 0.88 (0.52, 1.47)
aStratified by country and adjusted for BMI, smoking status and education.
bStratified by country and adjusted for BMI, smoking status, education and age at menarche.
cStratified by country and adjusted for BMI, smoking status, education, age at menarche and mutually adjusted for ovariectomy or hysterectomy.

T A B L E  5   Hazard ratios and 95% confidence intervals for renal cell carcinoma risk by exogenous hormone use in the EPIC study.

Exposure Category
Number 
of cases

Adjusted for BMI, 
smoking status and 
education  
HR (95% CI)a

Additionally adjusted 
for age at menarche and 
menopause status  
HR (95% CI)b

Mutually adjusted  
HR (95% CI)c

Ever use of OC 
pill

No 206 Reference Reference Reference

Yes 200 1.01 (0.82, 1.25) 1.01 (0.81, 1.25) 1.01 (0.81, 1.25)

HRT Never 282 Reference Reference Reference

Past 46 1.05 (0.77, 1.45) 1.06 (0.77, 1.46) 1.06 (0.77, 1.46)

Current 78 0.93 (0.71, 1.21) 0.94 (0.71, 1.24) 0.94 (0.71, 1.24)

Among OC ever users

Duration 
of OC 
pill use 
(years)

<2 46 Reference Reference

2– 5 50 0.82 (0.54, 1.22) 0.82 (0.55, 1.23)

6– 10 55 1.18 (0.78, 1.76) 1.18 (0.79, 1.77)

11+ 42 0.82 (0.52, 1.28) 0.82 (0.52, 1.27)

Among HRT past or current users

Duration of 
HRT use 
(years)

<2 46 Reference Reference

2– 5 31 0.59 (0.37, 0.94) 0.63 (0.39, 1.01)

6+ 37 0.94 (0.59, 1.50) 1.00 (0.62, 1.62)
aStratified by country and adjusted for BMI, smoking status and education.
bStratified by country and adjusted for BMI, smoking status, education, age at menarche and menopause status.
cStratified by country and adjusted for BMI, smoking status, education, age at menarche, menopause status and mutually adjusted for HRT or OC use.
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As  with  hysterectomy  and  ovariectomy,  associations  be-
tween RCC and exogenous hormone use may be suscep-
tible  to confounding by  indication. Further  insights  into 
the  relationship  between  hormones  and  RCC  might  be 
gleaned  by  evaluating  circulating  hormone  concentra-
tions in relation to RCC.

4.2  |  Strengths and limitations

A strength of this analysis was the use of data from EPIC, 
a large multi- national prospective cohort with detailed in-
formation collected on a  range of  reproductive and hor-
monal risk  factors as well as other relevant  lifestyle and 
demographic  characteristics.  However,  a  limitation  is 
that all information on reproductive and hormonal expo-
sures was self- reported. A validation study in the United 
States  found that self- reported hysterectomy history had 
high  accuracy,  but  both  unilateral  and  bilateral  ovariec-
tomy self- reports had lower accuracy, and 19% of women 
reporting  a  unilateral  ovariectomy  had  both  ovaries  re-
moved.24  Age  at  hysterectomy  or  ovariectomy  was  not 
available  for  all  applicable  participants.  We  were  there-
fore unable to evaluate time between these surgeries and 
RCC diagnosis, which is an important consideration that 
warrants investigation in future studies. Additionally, we 
only used data collected at the baseline visit and were un-
able to account for changes that may have occurred prior 
to cancer diagnoses, for example progressing from pre-  or 
perimenopausal to postmenopausal status. Reverse causa-
tion  is unlikely  to have had a notable  impact on our re-
sults because many of the exposures occurred years prior 
to  the baseline visit  for  the majority of participants  (age 
at  menarche  and  pregnancy- related  exposures),  and  the 
results did not vary in a sensitivity analysis excluding the 
first 3 years of follow- up. The only available proxy for so-
cioeconomic  status  was  highest  level  of  education,  and 
therefore,  the possibility of residual confounding cannot 
be excluded.

Caution should be  taken in generalising these results 
to other populations, in particular those outside of Europe 
and women of a younger generation who may have dif-
ferent  exposure  profiles  for  reproductive  and  hormonal 
factors.  OC  formulations  have  changed  over  time,  and 
similarly, surgical techniques have improved and become 
generally  less  invasive.25,26  Therefore,  women  who  took 
OCs or had a hysterectomy or ovariectomy several decades 
ago, as is the case for many women enrolled in EPIC, may 
not reflect the risk carried by women who have these same 
exposures today.

Our investigation of histological subtypes of RCC was 
restricted  to  ccRCC  only  because  of  low  case  numbers 
for  other  subtypes,  which  is  partially  due  to  their  lower 

incidence but also because many diagnoses in EPIC were 
reported as subtype ‘NOS (not otherwise specified)’. In par-
ticular, the subtype was not reported for more than half of 
RCC cases in the United Kingdom, Germany, Sweden and 
Denmark. Despite this limitation, our findings suggested 
possible heterogeneity in risk factors for ccRCC compared 
to overall RCC.

5   |   CONCLUSIONS AND FUTURE 
DIRECTIONS

Overall,  our  findings  generally  concur  with  the  sparse 
existing  evidence  on  risk  factors  for  kidney  cancer  in 
women, suggesting a higher risk of RCC associated with 
parity,  hysterectomy  and  bilateral  ovariectomy.  Our 
analysis  was  unique,  as  a  comprehensive  interrogation 
of related reproductive and hormonal exposures within a 
single study population. Additionally, we performed mu-
tual adjustment for exposures that are likely to be highly 
correlated and  therefore were able  to address  individual 
potential risk factors while accounting for closely related 
exposures.  Further  investigations  are  needed  to  explore 
the role of sex hormones and other potential physiological 
mechanisms involved in these relationships.

The overall  findings of  this  investigation suggest  that 
hormones  play  a  less  prominent  role  in  RCC  aetiology 
than  in  other  cancers  such  as  those  of  the  breast  or  en-
dometrium. In contrast to breast cancer, our results gen-
erally are consistent with a relatively weaker and inverse 
association  between  oestrogen  exposure  and  RCC  risk. 
This  aligns  with  the  known  lower  overall  incidence  of 
RCC  among  women  compared  with  men,  given  the  far 
higher exposure  to oestrogen among women.  It  is possi-
ble that the role of oestrogen in RCC development may be 
mediated by hypertension, a known risk factor for RCC.2 
Oestrogen  is  protective  against  cardiovascular  disease, 
possibly due to its role in lowering blood pressure via reg-
ulation  of  the  renin– angiotensin– aldosterone  system.27 
Nevertheless, our  findings were unchanged after  further 
adjustment for hypertension.

Due to limited data on histological subtypes, we were 
unable to draw strong conclusions regarding risk factors 
specific  to ccRCC. Further studies are required  to  inves-
tigate the heterogeneity of risk factors across histological 
subtypes of RCC.

Overall,  our  findings  provide  preliminary  evidence 
that  sex  hormone  pathways  related  to  reproductive  and 
other hormonal factors may be associated with RCC risk 
in  women  and  might  contribute  to  the  lower  incidence 
of  RCC  among  women  compared  with  men.  However, 
non- hormonal  causal  pathways  should  be  considered  as 
well,  for  example  surveillance  bias  and  confounding  by 
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indication in the association with surgical procedures, and 
physiological alterations during pregnancy in the associa-
tions with pregnancy- related exposures.
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