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Medicine, Oslo University Hospital, Ullevål, Oslo, Norway, 7Department of Hygiene and Epidemiology, University of Ioannina School of Medicine, Ioannina, Greece,
8
Paris-Saclay University, UVSQ, Inserm, Gustave Roussy, “Exposome and Heredity” team, CESP, Villejuif, France, 9Department of Statistics, Computer Science,
Applications “G. Parenti,” University of Florence, Florence, Italy, 10Department of Cancer Epidemiology, German Cancer Research Center (DKFZ), Heidelberg, Germany,
11
Department of Molecular Epidemiology, German Institute of Human Nutrition, Potsdam, Germany, 12Unit of Nutrition and Cancer, Cancer Epidemiology Research
n
ublica (EASP), Granada, Spain, 14Instituto de Investigacio
Programme, Catalan Institute of Oncology (ICO-IDIBELL), Barcelona, Spain, 13Escuela Andaluza de Salud P
 n Biome
dica en Red de Epidemiologıa y Salud P
ublica (CIBERESP), Madrid, Spain, 16Department of
Biosanitaria ibs.GRANADA, Granada, Spain, 15Centro de Investigacio
Preventive Medicine and Public Health, University of Granada, Granada, Spain, 17Department of Epidemiology, Murcia Regional Health Council, IMIB-Arrixaca, Murcia,
ublica (CIBERESP), Madrid Spain, 19Research Group on Demography and Health, National Faculty of Public Health, University of
Spain, 18CIBER Epidemiologıa y Salud P
Antioquia, Medellın, Colombia, 20Navarra Public Health Institute, Pamplona, Spain, 21IdiSNA, Navarra Institute for Health Research, Pamplona, Spain, 22Cancer
Epidemiology Unit, Nuffield Department of Population Health, University of Oxford, Oxford, UK, 23Institute for Cancer Research, Prevention and Clinical Network—
ISPRO, Florence, Italy, 24Epidemiology and Prevention Unit, Fondazione IRCCS Istituto Nazionale dei Tumori di Milano, Milan, Italy, 25Cancer Registry and
 della Salute e
Histopathology Department, Provincial Health Authority (ASP 7), Ragusa, Italy, 26Unit of Cancer Epidemiology, Piedmont Children Cancer Registry, Citta
della Scienza University-Hospital and Center for Cancer Prevention (CPO), Turin, Italy, 27Dipartimento di Medicina Clinica e Chirurgia, Federico II University, Naples,
Italy, 28Centre for Nutrition, Prevention and Health Services, National Institute for Public Health and the Environment, Bilthoven, The Netherlands, 29Faculty of Health
Sciences, Department of Community Medicine, UiT The Arctic University of Norway, Tromsø, Norway and 30Department of Pharmacy, The Faculty of Health Sciences,
UiT The Arctic University of Norway, Tromsø, Norway

*Correspondence to: Nagisa Mori, PhD, Nutrition and Metabolism Branch, International Agency for Research on Cancer, 150 Cours Albert Thomas, 69372 Lyon, Cedex
08, France (e-mail: morin@fellows.iarc.fr).

Abstract
Background: Observational studies have consistently reported that postmenopausal hormone therapy use is associated with
lower colon cancer risk, but epidemiologic studies examining the associations between circulating concentrations of
endogenous estrogens and colorectal cancer have reported inconsistent results. Methods: We investigated the associations
between circulating concentrations of estrone, estradiol, free estradiol, testosterone, free testosterone, androstenedione,
dehydroepiandrosterone (DHEA), progesterone, and sex hormone–binding globulin (SHBG) with colon cancer risk in a nested
case-control study of 1028 postmenopausal European women (512 colon cancer cases, 516 matched controls) who were noncurrent users of exogenous hormones at blood collection. Multivariable conditional logistic regression models were used to
compute odds ratios and 95% confidence intervals to evaluate the association between circulating sex hormones and colon
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Endogenous Circulating Sex Hormone Concentrations and Colon
Cancer Risk in Postmenopausal Women: A Prospective Study and

2 of 10 | JNCI Cancer Spectrum, 2021, Vol. 5, No. 6

Colorectal cancer is the third-most common cancer globally, with a
lower incidence generally found for women than for men (1). It has
been hypothesized that the sex disparity in incidence may be
explained by higher estrogen concentrations in women, conferring a
protective role against colon cancer development (2). Consistent
with this hypothesis, multiple observational studies and a clinical
trial have found that the use of postmenopausal hormone therapy
(HT) was associated with lower colorectal cancer risk in women (3-7).
Epidemiologic data on the association of endogenous estrogens and other sex hormones with colorectal tumorigenesis are
relatively limited. Initial analyses of endogenous circulating sex
hormone concentrations and colorectal cancer risk in postmenopausal women did not support an antitumorigenic effect of
estrogens in the colorectum (8-11), but in a more recent casecontrol study nested within the Women’s Health Initiative
Clinical Trial (WHI-CT), inverse associations were reported between endogenous estrogens and colorectal and colon cancer
risk but not rectal cancer, while a positive relationship between
sex hormone–binding globulin (SHBG) and colorectal cancer risk
was observed (12). Additional studies are needed to provide more
clarity on the role of estrogens in colorectal tumorigenesis.
Testosterone is a biologically potent androgen and the main
source of estradiol in women after menopause (13). The role of
testosterone in relation to colorectal cancer in postmenopausal
women is uncertain, but a recent nested case-control study conducted among postmenopausal Japanese women reported a
positive association between endogenous testosterone concentrations and colorectal cancer risk (14). Further prospective
studies are warranted to examine the role of testosterone and
other androgens, dehydroepiandrosterone (DHEA), and androstenedione in colorectal cancer development.
To provide more conclusive evidence of the association between endogenous concentrations of circulating sex hormones
and colon cancer, we conducted a nested case-control study
within the European Prospective Investigation into Cancer and
Nutrition (EPIC) cohort and the Northern Sweden Health and
Disease Study (NSHDS) cohort in which circulating concentrations of estradiol, estrone, testosterone, androstenedione, DHEA,
progesterone, and SHBG were measured. In addition, we conducted a meta-analysis combining results from the current study
with those from previously published prospective studies (812,14) to examine the overall evidence linking endogenous estradiol and estrone with colorectal, colon, and rectal cancer risk.

predominantly from the general population of 10 European
countries (Denmark, France, Germany, Greece, Italy, the
Netherlands, Norway, Spain, Sweden, and the United Kingdom)
(15-17). Blood samples were collected at the time of recruitment
by standardized procedures (16,17) and stored at the
International Agency for Research on Cancer (IARC) (–196 C, liquid nitrogen) except for Denmark (–150 C, nitrogen vapor) and
Sweden (–80 C, freezers). All participants completed lifestyle
questionnaires at recruitment, and most of the participants had
anthropometric measurements and completed a validated food
frequency questionnaire. All participants provided written informed consent at recruitment. Ethical approval of the study
was obtained from the review boards of IARC and from local
participating centers.
NSHDS is an ongoing population-based cohort of 135 000
participants that began in 1985. It consists of 3 subcohorts: the
€ sterbotten Intervention Programme, the mammography
Va
screening cohort, and the Northern Sweden MONItoring of
trends and determinants in CArdiovascular disease (MONICA)
€ sterbotten
study (18,19). Approximately 80% of the Va
Intervention Programme and MONICA cohort participants donated their blood after overnight fasting. In the mammography
screening cohort, the time since the last meal was recorded. All
blood samples were stored in freezers at –80 C. At recruitment,
all participants underwent a health examination (including
measurement of height and weight) and completed a validated
food frequency questionnaire and lifestyle questionnaire. The
study was approved by the Research Ethics Committee of
Umea˚ University Hospital and the Regional Ethics Committee
in Uppsala (No. 2013-124).

Follow-up for Cancer Incidence
Information about cancer incidence was retrieved from local
cancer registries, except for France and Germany, where incident cases were identified through a combination of health insurance records, cancer and pathology registries, and active
follow-up of participants (20,21). Greece were excluded from the
current analysis because of an ongoing administrative issue.
Colon cancer cases were coded according to the International
Classification of Diseases for Oncology, Third Edition (C18-C20) (22).
We included colon cancer cases within the proximal (C18.018.5), distal (C18.6-C18.7), overlapping (C18.8), and unspecified
regions (C18.9).

Methods
Selection of Cases and Controls
Study Population and Collection of Blood Samples and Data
EPIC is an ongoing multicenter prospective cohort of 521 330
participants who were recruited between 1992 and 2000,

Because of funding constraints and for efficiency, we used a
nested case-control design. As our focus was on endogenous
circulating sex hormone concentrations, our study was limited
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cancer risk. We also conducted a dose-response meta-analysis of prospective studies of circulating estrone and estradiol with
colorectal, colon, and rectal cancer risk in postmenopausal women. All statistical tests were 2-sided. Results: In the
multivariable model, a nonstatistically significantly positive relationship was found between circulating estrone and colon
cancer risk (odds ratio per log2 1-unit increment ¼ 1.17 [95% confidence interval ¼ 1.00 to 1.38]; odds ratioquartile4-quartile1 ¼ 1.33
[95% confidence interval ¼ 0.89 to 1.97], Ptrend ¼ .20). Circulating concentrations of estradiol, free estradiol, testosterone, free
testosterone, androstenedione, DHEA, progesterone, and SHBG were not associated with colon cancer risk. In the doseresponse meta-analysis, no clear evidence of associations were found between circulating estradiol and estrone concentrations with colorectal, colon, and rectal cancer risk. Conclusion: Our observational and meta-analysis results do not support
an association between circulating concentrations of endogenous sex hormones and colon or rectal cancer in postmenopausal women.
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Laboratory Methods and Assessment of Sex Hormone
Concentrations and SHBG
Plasma sex hormones and SHBG concentrations were measured
at IARC (Lyon, France) using a validated analytical method
adapted from previous publications (26,27). Full details are included in the Supplementary Methods (available online). Sex
hormones were assayed using in a liquid chromatography–
mass spectrometry system consisting of a ultra-high-performance liquid chromatograph (Agilent 1290, Agilent, Santa Clara,
CA) and a QTRAP 5500 mass spectrometer (SCIEX, Framingham,
MA). Solid-phase “sandwich” enzyme-linked immunoassay
(DRG International, Springfield, NJ) was used for the measurement of SHBG concentrations. Lower limits of quantification
(LLOQ) for each sex hormone was 7.5 pg/mL for androstenedione, 125 pg/mL for DHEA, 1.25 pg/mL for estradiol, 1.25 pg/mL for
estrone, 7.5 pg/mL for progesterone, 7.5 pg/mL for testosterone,
and 4 nmol/L for SHBG. Three quality control samples at different concentration levels were measured in duplicate in each
batch of analyses. Intrabatch coefficients of variation in sex hormone and SHBG concentrations ranged from 1.4% to 8%.
Interbatch coefficients of variations were less than 10% for all
analytes.
Plasma concentration of free estradiol was calculated using
a validated algorithm (28), taking into consideration measured
estradiol and SHBG concentrations and an assumed constant
for albumin. Free testosterone was also computed from previously validated mass-action equation using absolute concentrations of testosterone and an assumed albumin constant of 43 g/
L (29,30). We also calculated the estradiol-to-testosterone ratio
(by dividing the estradiol concentration by the testosterone concentration) because a higher ratio indicates greater production
of estradiol from aromatase conversion.

Statistical Analysis
We imputed values to be half the LLOQ for those participants
with a lower LLOQ value (4.4% for estradiol and 0.1% for DEHA).
Pearson correlation coefficients (adjusted for age at blood collection and batch) between circulating concentrations of log2-

transformed sex hormones and SHBG and body mass index
(BMI) were calculated for control participants. Participants in
the control group were divided into either tertiles or quartiles
based on sex hormone concentrations. Statistical tests for
trends in the present analyses were performed using the ordinal
tertile or quartile entered into the models as continuous variables. We also conducted continuous analyses with each log2transformed sex hormone. Multivariable conditional regression
models, stratified by case–control set, were used to examine the
association between circulating sex hormone concentrations
and colon cancer risk. The multivariable models were adjusted
for BMI, smoking status, physical activity, ever HT use, and alcohol consumption. In further analyses, the estrone, estradiol,
and testosterone models were additionally adjusted for SHBG
and vice versa. Further adjustment for dietary intakes of total
energy, dietary fiber, and red and processed meat resulted in
similar results, so these variables were not included in the final
multivariable models. False-discovery rate correction was performed using the Benjamini-Hochberg method for the main
analysis (31).
We also examined the sex hormone and colon cancer associations according to subgroups of BMI (<25 kg/m2 and 25 kg/m2)
and follow-up time (below or above median follow-up in years)
and computed the P value for interaction with the addition of
an interaction term in the model by the aforementioned categories. We used a likelihood ratio test to assess the difference between the models with and without the interaction term.
Analyses for proximal colon cancer and distal colon cancer
were also conducted. In further analyses, to assess the potential
influence of preclinical disease on the results, cases diagnosed
within the first 2 years of follow-up were excluded. In an additional sensitivity analysis, we used a multiple-imputation procedure (SAS command: PROC MI [SAS Institute Inc, Cary, NC]) to
impute values below the LLOQ (estradiol, DHEA, estradiol-totestosterone ratio, and free estradiol models only) (32,33).
All statistical analyses were performed using SAS software,
version 9.4. All statistical tests were 2-sided.

Meta-Analysis
We performed a hand search up to July 2020 on PubMed using
the keywords (“colorectal” OR “colorectum” OR “colon” OR
“rectum”) and “cancer” and “sex hormone.” We limited our
search to studies published in English that prospectively evaluated the association between circulating estradiol and estrone
with colorectal, colon, or rectal cancer risk. Full details of the
meta-analysis methods are described in the Supplementary
Methods (available online).
We calculated summary relative risks (RRs) and 95% confidence intervals (CIs) for a 5 pg/mL increment in estradiol and a
10 pg/mL increment in estrone using a random effects model.
The average of the natural logarithm of the relative risks was
estimated, and the relative risk of each study was weighted using random effects weighting.
The dose-response analysis described by Greenland and
Longnecker (34) was used to compute specific slopes (linear
trends) and 95% confidence intervals from the natural logs of
the reported relative risks and confidence intervals across categories of estradiol and estrone concentrations. Heterogeneity in
results across studies was also examined using Cochran Q and
I2 statistics. Statistical analyses were performed with Stata software, version 15.1 (StataCorp, College Station, TX).
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to postmenopausal women who were not taking menopausal
HT when blood samples were collected. Additionally, women
who self-reported diabetes at baseline or those with unknown
diabetic status were excluded [because diabetes affects the concentrations of sex hormones (23-25)]. For the selection of controls among EPIC participants, we sampled from all participants
who were living, noncurrent users of exogenous hormones;
postmenopausal; and free of cancer (except nonmelanoma skin
cancer) at the time of diagnosis of the cases, using incidence
density sampling and matched by age, study center, follow-up
time since blood collection, time of day at blood collection, and
fasting status. For NSHDS participants, we matched by study
center, follow-up time, age, date of blood collection, and fasting
status. We identified 557 incident colon cancer cases and 564
matched controls. Of these, we excluded participants with
missing estradiol concentration (n ¼ 1) and those in unmatched
case-control sets (n ¼ 92). After these exclusions, the current
study included 512 colon cancer cases and 516 matched controls. Of these, 109 participants were also part of the NSHDS cohort but were regarded as EPIC participants in the current study.
The 26 cases and 26 matched controls were those participants
unique to NSHDS and not the wider EPIC study.
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Results

according to follow-up time group (all
(Supplementary Table 5, available online).

Pinteraction  .07)

Nested Case-Control Study
Meta-analysis
We identified 74 articles, with an additional 6 articles based on
screening of titles or abstracts. Of the 80 articles, 7 nested casecontrol studies (8-12,14), including the current study, were eligible for inclusion in the meta-analysis for colorectal, colon, and
rectal cancer. We performed 5 meta-analyses: 1) estradiol and
colorectal cancer (including 6 studies) (8-12,14), 2) estradiol and
colon cancer (including 2 studies, 1 of which is the current
study) (12), 3) estrone and colorectal cancer (including 4 studies),
4) estrone and colon cancer (including 3 studies, 1 of which is
the current study) (10,12), and 5) estrone and rectal cancer (including 2 studies) (10,12) (Supplementary Table 6, available
online).
In the dose-response meta-analysis, we found no evidence
of an association between circulating estradiol concentrations
and colorectal cancer risk (summary RR per 5-pg/mL increase in
estradiol concentration ¼ 1.03 [95% CI ¼ 0.93 to 1.14]), with low
heterogeneity (I2 ¼ 31.1%, P ¼ .20) (Figure 1). We also found no association between circulating estrone concentrations and colorectal cancer risk (summary RR for a 10-pg/mL increase in
estrone concentration ¼ 0.99 [95% CI ¼ 0.88 to 1.12]), with relatively high heterogeneity (I2 ¼ 75.0%, P ¼ .007). For the subsites, a
nonstatistically significant inverse association was found between circulating estradiol concentrations and colon cancer risk
(summary RR for 5-pg/mL increase in estradiol concentration ¼ 0.88 [95% CI ¼ 0.74 to 1.04]), with low heterogeneity
(I2 ¼ 1.9%, P ¼ .30). No evidence of an association between circulating estrone concentrations and colon cancer risk (summary
RR for 10-pg/mL increase in estrone concentration ¼ 1.04 [95%
CI ¼ 0.80 to 1.37]), with high heterogeneity detected (I2 ¼ 81.7%,
P ¼ .004). Little evidence of an association was found between
circulating estrone concentrations and rectal cancer risk (summary RR for 10-g/mL increase in estrone concentration ¼ 1.05
[95% CI ¼ 0.82 to 1.34]), with low heterogeneity (I2 ¼ 0.0%, P ¼ .50).
(Figure 1). We were unable to conduct a meta-analysis for the
association between circulating estradiol concentrations and
rectal cancer risk because only 1 study was available (12).

Discussion
In this prospective study of postmenopausal European women,
we found limited evidence for associations between circulating
concentrations of sex hormones and SHBG with colon cancer
risk. Associations were generally similar when the analyses
were stratified according to follow-up time and for distal and
proximal colon cancer. Similarly, we found no clear associations
between circulating estradiol and estrone with risks of colorectal, colon, and rectal cancer when we conducted dose-response
meta-analyses encompassing all available prospective data (including results from the current study).
Consistent with the lower colon cancer risk observed for HT
users, several sources of experimental data suggest that estrogens may confer antitumorigenic effects on colon tumorigenesis. It has been shown, for example, that expression of estrogen
receptor-b results in the inhibition of proliferation and G1 phase
cell-cycle arrest in colon cancer cells; in xenograft mouse studies, estrogen receptor-b inhibits cMyc expression and tumor
growth (35). Previously, in the WHI-CT, we observed robust inverse associations between circulating estradiol and estrone
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We included 486 cases and 490 controls from the EPIC population and 26 cases and 26 controls from the NSHDS population,
with a median follow-up time of 13.9 years. No substantial differences in baseline characteristics were found between cases
and controls in both cohorts (Table 1). The baseline characteristics for cases and controls are presented in Supplementary
Table 1 (available online). We found strong correlations between
log2-transformed concentrations of estrone and estradiol
(r ¼ 0.81) and androstenedione and DHEA concentrations
(r ¼ 0.79). Relatively strong correlations were observed between
concentrations of estrone and androstenedione (r ¼ 0.5), testosterone and androstenedione (r ¼ 0.58), and progesterone and androstenedione (r ¼ 0.54) (Table 2).
In the multivariable model, a nonstatistically significantly
positive relationship was found between circulating estrone levels and colon cancer risk (odds ratio [OR] per log2 1-unit
increment ¼ 1.17 [95% CI ¼ 1.00 to 1.38; ORquartile4-quartile1[q4q1] ¼ 1.33 [95% CI ¼ 0.89 to 1.97], Ptrend ¼ .20) (Table 3). We found
no associations between circulating concentrations of estradiol
(ORq4-q1 ¼ 1.04 [95% CI ¼ 0.70 to 1.56], Ptrend ¼ .98), free estradiol
(ORq4-q1 ¼ 1.05 [95% CI ¼ 0.71 to 1.57], Ptrend ¼ .90), testosterone
(ORq4-q1 ¼ 1.17 [95% CI ¼ 0.81 to 1.68], Ptrend ¼ .44), free testosterone (ORq4-q1 ¼ 1.25 [95% CI ¼ 0.87 to 1.79], Ptrend ¼ 0.32), androstenedione (ORq4-q1 ¼ 1.12 [95% CI ¼ 0.77 to 1.62], Ptrend ¼ .42), DHEA
(ORq4-q1 ¼ 0.85 [95% CI ¼ 0.58 to 1.23], Ptrend ¼ .78), progesterone
(ORq4-q1 ¼ 1.03 [95% CI ¼ 0.72 to 1.48], Ptrend ¼ .94), and SHBG (ORq4q1 ¼ 1.00 [95% CI ¼ 0.69 to 1.45], Ptrend ¼ .91) and colon cancer risk,
with similar relationships also found in the continuous models
(Table 3). However, the positive relationship between circulating
estrone levels and colon cancer risk was nonstatistically significant
after false-discovery rate correction. Similar associations were observed when circulating estrone, estradiol, and testosterone models were additionally adjusted for SHBG concentrations and vice
versa (Table 3). In addition, we found no evidence of an association
between the circulating estradiol-to-testosterone ratio and colon
cancer risk (ORq4-q1¼1.07 [95% CI ¼ 0.72 to 1.61], Ptrend ¼ .96). Also, a
similar pattern of results was found after the multiple imputation
of hormone concentrations with lower LLOQ values
(Supplementary Table 2, available online). We found a similar pattern of associations when cases diagnosed within the first 2 years
of follow-up were excluded from the analyses (Supplementary
Table 3, available online).
In analyses by colon subsite, there was a nonstatistically significantly positive relationship between circulating concentrations of estrone and proximal colon cancer in the continuous
model only (OR per log2 1-unit increment ¼ 1.22 [95% CI ¼ 1.00 to
1.48]), with no association found for distal colon cancer (OR per
log2 1-unit increment ¼ 1.00 [95% CI ¼ 0.71 to 1.41]). Other circulating concentrations of sex hormones were not associated with
proximal or distal colon cancer risk (Supplementary Table 4,
available online).
Table 4 shows the results of subgroup analyses according to
BMI categories (<25 kg/m2 and 25 kg/m2). None of the associations of sex hormones with colon cancer risk differed according
to BMI categories (all Pinteraction  .07), but circulating estrone
concentrations were positively associated with colon cancer
risk among the overweight/obese group (BMI 25 kg/m2) (OR per
log2 increment ¼ 1.33 [95% CI ¼ 1.01 to 1.75) but not the normalweight group (OR per log2 increment ¼ 1.05 [95% CI ¼ 0.66 to
1.68], Pinteraction ¼ .07). We found a similar pattern of associations
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Table 1. Baseline characteristics of colon cancer cases and controls in EPIC and NSHDS participantsa
EPIC

NSHDS

Cases (n ¼ 486)

Controls (n ¼ 490)

Mean (SD) age at blood collection, y
Mean (SD) body weight, kg
BMI, No. (%)
Underweight (>18.5 kg/m2)
Normal (18.5-24.9 kg/m2)
Overweight (25.0-29.9 kg/m2)
Obese ( 30 kg/m2)
Smoking status, No. (%)
Never
Former
Current
Unknown
Physical activity, No. (%)
Inactive
Moderately inactive
Moderately active
Active
Missing
Ever used menopausal HT, No. (%)
No
Yes
Unknown/missing
Mean (SD) alcohol consumption, g/d
Serologic variables, median (IQR)
Estrone, pg/mL
Estradiol, pg/mL
Testosterone, pg/mL
Androstenedione, ng/mL
DHEA, ng/mL
Progesterone, pg/mL
SHBG, nmol/L
Free estradiol, pg/mL
Free testosterone, ng/mL

62.0 (5.4)
68.6 (11.8)
26.6 (4.6)
5 (1.0)
196 (40.3)
203 (39.1)
92 (19.6)

61.9 (5.4)
67.5 (10.5)
26.5 (4.2)
5 (1.0)
190 (38.8)
203 (41.4)
92 (18.8)

60.4 (2.1)
75.9 (12.9)
28.4 (5.5)
0 (0.0)
8 (30.8)
11 (42.3)
7 (26.9)

60.3 (2.0)
69.5 (13.4)
26.6 (4.9)
1 (3.9)
12 (46.2)
7 (26.9)
6 (23.1)

299 (61.5)
111 (22.8)
68 (14.0)
8 (1.7)

309 (63.1)
104 (21.2)
71 (14.5)
6 (1.2)

10 (38.5)
12 (46.2)
4 (15.4)
N/A

14 (53.9)
7 (26.9)
5 (19.2)
N/A

169 (34.8)
151 (31.1)
87 (17.9)
65 (13.4)
14 (2.9)

172 (35.1)
150 (30.6)
88 (18.0)
68 (13.9)
12 (2.5)

4 (15.4)
6 (23.1)
6 (23.1)
8 (30.8)
2 (7.7)

9 (34.6)
6 (23.1)
4 (15.4)
5 (19.2)
2 (7.7)

387 (79.6)
70 (14.4)
29 (6.0)
5.7 (9.8)

392 (80.0)
72 (14.7)
26 (5.3)
5.9 (10.2)

18.1 (12.3-25.1)
3.9 (2.6-6.0)
185.9 (129.0-257.2)
490.1 (346.1-660.4)
1.9 (1.2-2.8)
52.2 (37.5-76.1)
54.2 (38.4-74.6)
85.8 (53.7-149.5)
5.2 (3.2-7.8)

Cases (n ¼ 26)

Controls (n ¼ 26)

26 (100.0)
N/A
N/A
3.0 (3.5)

17.7 (12.9-23.6)
4.0 (2.6-6.0)
183.5 (127.9-246.2)
466.9 (348.6-641.7)
1.8 (1.2-2.9)
53.1 (39.6-73.5)
52.9 (40.4-70.1)
91.8 (56.8-138.3)
5.2 (3.3-7.4)

26 (100.0)
N/A
N/A
1.5 (2.1)

25.1 (22.0-40.5)
6.2 (4.3-11.6)
227.4 (166.8-298.8)
709.0 (517.9-878.4)
2.5 (1.5-3.7)
65.3 (51.3-100.8)
51.8 (37.5-68.8)
159.0 (102.0-266.6)
7.0 (4.7-9.9)

23.9 (20.9-33.6)
5.9 (5.1-11.5)
213.1 (162.4-275.8)
566.7 (497.4-832.9)
2.4 (1.8-3.6)
62.3 (43.5-83.0)
65.4 (52.1-86.9)
125.3 (95.7-251.0)
5.5 (3.4-8.9)

a

BMI¼ body mass index; DHEA ¼ dehydroepiandrosterone; EPIC ¼ European Prospective Investigation into Cancer and Nutrition; HT ¼ hormone therapy; IQR ¼ interquartile

range; N/A ¼ not applicable; NSHDS ¼ The Northern Sweden Health and Disease Study; SD ¼ standard deviation; SHBG ¼ sex hormone–binding protein.

Table 2. Pearson correlation matrix for circulating sex hormone concentrations, SHBG, and BMI adjusted for age and batcha
Concentrations of
sex hormone, SHBG, and BMI
Estrone
Estradiol
Testosterone
Androstenedione
DHEA
Progesterone
SHBG
BMI

Estrone

Estradiol

Testosterone

Androstenedione

DHEA

Progesterone

SHBG

BMI

–
0.81
0.40
0.50
0.35
0.24
–0.09
0.28

–
–
0.38
0.33
0.20
0.15
–0.19
0.39

–
–
–
0.58
0.42
0.38
0.14
0.08

–
–
–
–
0.79
0.54
–0.09
0.07

–
–
–
–
–
0.42
–0.02
–0.02

–
–
–
–
–
–
0.11
–0.08

–
–
–
–
–
–
–
–0.37

–
–
–
–
–
–
–
–

a

Serologic variables were log2 transformed. BMI ¼ body mass index; DHEA ¼ dehydroepiandrosterone; SHBG ¼ sex hormone–binding globulin.

with colorectal and colon cancer risks (12). In contrast, the
results from the current study suggest a borderline positive association between circulating estrone and cancer of the colon,
particularly in the proximal region. This result is somewhat
consistent with a study conducted within the Women’s Health
Initiative Observational Study, which reported a positive association between estradiol levels and colorectal cancer risk (9).
Other published data (8,10-12,14), however, did not observe

associations between endogenous estrogens and colon cancer
risk. Because of these inconsistent findings and the relatively
small size of each prospective study that has examined estrogens and colorectal cancer in postmenopausal women, we conducted a meta-analysis to combine these data. Importantly,
results from this meta-analysis found no evidence of an association between prediagnostic estrogen concentrations and colorectal, colon, or rectal cancer risk in postmenopausal women.
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Table 3. Associations between circulating concentrations of sex hormones and SHBG with colon cancer in postmenopausal women (n ¼ 1028)

Variables

Continuous
modelb

FDR (Q value)

<13.1
13.1-18.1
18.1-24.0
24.0
128/129
118/129
111/129
155/129
1 [Referent] 0.92 (0.64 to 1.31) 0.88 (0.61 to 1.27) 1.25 (0.87 to 1.81)
1 [Referent] 0.94 (0.65 to 1.36) 0.91 (0.62 to 1.32) 1.32 (0.89 to 1.96)
1 [Referent] 0.95 (0.65 to 1.37) 0.92 (0.63 to 1.35) 1.33 (0.89 to 1.97)

–
–
.26
.23
.20

–
–
1.16 (0.99 to 1.35)
1.17 (1.00 to 1.38)
1.17 (1.00 to 1.38)

–
–
–
0.49
–

<2.6
2.6-4.1
4.1-6.1
6.1
128/129
133/129
116/129
135/129
1 [Referent] 1.03 (0.72 to 1.47) 0.90 (0.63 to 1.28) 1.04 (0.73 to 1.50)
1 [Referent] 1.03 (0.72 to 1.47) 0.89 (0.61 to 1.29) 1.04 (0.70 to 1.56)
1 [Referent] 1.04 (0.73 to 1.48) 0.91 (0.62 to 1.32) 1.08 (0.72 to 1.61)

–
–
.97
.98
.86

–
–
1.03 (0.92 to 1.15)
1.04 (0.92 to 1.17)
1.04 (0.92 to 1.18)

–
–
–
0.89
–

<129.3
129.3-184.5
184.5-249.9
249.9
126/129
122/129
117/129
147/129
1 [Referent] 0.98 (0.70 to 1.38) 0.93 (0.65 to 1.34) 1.18 (0.83 to 1.68)
1 [Referent] 0.96 (0.68 to 1.36) 0.92 (0.64 to 1.33) 1.17 (0.81 to 1.68)
1 [Referent] 0.95 (0.67 to 1.35) 0.90 (0.63 to 1.31) 1.14 (0.79 to 1.65)

–
–
.41
.44
.51

–
–
1.02 (0.86 to 1.22)
1.02 (0.86 to 1.22)
1.01 (0.85 to 1.21)

–
–
–
0.89
–

<353.8
353.8-477.7
477.7-645.5
645.5
136/129
104/129
123/129
149/129
1 [Referent] 0.77 (0.53 to 1.11) 0.91 (0.65 to 1.29) 1.11 (0.77 to 1.60)
1 [Referent] 0.78 (0.54 to 1.14) 0.92 (0.65 to 1.31) 1.12 (0.77 to 1.62)

–
–
.40
.42

–
–
1.04 (0.86 to 1.26)
1.03 (0.85 to 1.25)

–
–
–
0.89

<1.2
1.2-1.8
1.8-2.9
2.9
134/129
112/129
149/129
117/129
1 [Referent] 0.85 (0.60 to 1.19) 1.13 (0.80 to 1.59) 0.87 (0.60 to 1.25)
1 [Referent] 0.82 (0.58 to 1.17) 1.12 (0.79 to 1.59) 0.85 (0.58 to 1.23)

–
–
.84
.78

–
–
0.98 (0.86 to 1.13)
0.98 (0.85 to 1.12)

–
–
–
0.89

<39.6
39.6-53.6
53.6-73.6
73.6
139/129
124/128
106/130
143/129
1 [Referent] 0.90 (0.63 to 1.27) 0.76 (0.53 to 1.08) 1.03 (0.72 to 1.47)
1 [Referent] 0.90 (0.63 to 1.28) 0.76 (0.53 to 1.09) 1.03 (0.72 to 1.48)

–
–
.90
.94

–
–
0.95 (0.80 to 1.12)
0.95 (0.80 to 1.13)

–
–
–
0.89

<40.8
40.8-53.5
53.5-70.7
70.7
146/128
108/130
111/129
147/129
1 [Referent] 0.71 (0.50 to 1.02) 0.74 (0.52 to 1.06) 0.99 (0.71 to 1.40)
1 [Referent] 0.72 (0.50 to 1.04) 0.75 (0.52 to 1.09) 1.00 (0.69 to 1.45)
1 [Referent] 0.73 (0.50 to 1.05) 0.77 (0.53 to 1.12) 0.99 (0.68 to 1.44)

–
–
.93
.91
.96

–
–
0.99 (0.83 to 1.19)
0.99 (0.81 to 1.21)
0.99 (0.81 to 1.20)

–
–
–
0.92
–

<57.7
57.7-94.7
94.7-142.3
142.3
136/129
135/129
95/129
146/129
1 [Referent] 0.98 (0.70 to 1.37) 0.67 (0.46 to 0.98) 1.04 (0.73 to 1.46)
1 [Referent] 0.96 (0.68 to 1.36) 0.66 (0.45 to 0.99) 1.05 (0.71 to 1.57)

–
–
.88
.90

–
–
1.02 (0.92 to 1.13)
1.03 (0.92 to 1.15)

–
–
–
0.89

<3.3
3.3-5.2
5.2-7.4
7.4
126/129
123/129
108/129
155/129
1 [Referent] 0.99 (0.70 to 1.39) 0.87 (0.61 to 1.24) 1.25 (0.88 to 1.78)
1 [Referent] 0.98 (0.69 to 1.39) 0.86 (0.60 to 1.24) 1.25 (0.87 to 1.79)

–
–
.31
.32

–
–
1.02 (0.92 to 1.13)
1.03 (0.92 to 1.15)

–
–
–
0.89

<0.19
0.19-0.27
0.27-0.33
0.33
124/129
146/129
105/129
137/129
1 [Referent] 1.15 (0.82 to 1.60) 0.83 (0.57 to 1.20) 1.08 (0.76 to 1.55)
1 [Referent] 1.13 (0.81 to 1.60) 0.83 (0.56 to 1.22) 1.07 (0.72 to 1.61)

–
–
.97
.96

–
–
1.21 (0.52 to 2.83)
1.28 (0.51 to 3.24)

–
–
–
0.89

Quartile 2

Quartile 3

Quartile 4

a
Statistical tests for trend (2-sided) were calculated using ordinal quartile variables entered into the model as a single continuous variable. CI ¼ confidence intervals;
DHEA ¼ dehydroepiandrosterone; FDR ¼ false-discovery rate; OR ¼ odds ratio; SHBG ¼ sex hormone–binding globulin.
b

Serologic variables were log2 transformed in continuous models.

c

Odds ratios and 95% confidence intervals were estimated by conditional logistic regression models.

d
Adjusted for body mass index (underweight, normal, overweight, or obese), smoking status (never, former, current, or unknown), physical activity (inactive, moderately inactive, moderately active, active, or unknown), ever used hormone therapy (yes, no, or unknown/missing), and alcohol consumption (continuous).
e

Additionally adjusted for estrone, estradiol, and testosterone for SHBG and vice versa.
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Estrone
Quartile cut points
No. (cases/controls)
Unadjusted OR (95% CI)c
Multivariable-adjusted OR (95% CI)c,d
Multivariable-adjusted OR (95% CI)c,e
Estradiol
Quartile cut points
No. (cases/controls)
Unadjusted OR (95% CI)c
Multivariable-adjusted OR (95% CI)c,d
Multivariable-adjusted OR (95% CI)c,e
Testosterone
Quartile cut points
No. (cases/controls)
Unadjusted OR (95% CI)c
Multivariable-adjusted OR (95% CI)c,d
Multivariable-adjusted OR (95% CI)c,e
Androstenedione
Quartile cut points
No. (cases/controls)
Unadjusted OR (95% CI)c
Multivariable-adjusted OR (95% CI)c,d
DHEA
Quartile cut points
No. (cases/controls)
Unadjusted OR (95% CI)c
Multivariable-adjusted OR (95% CI)c,d
Progesterone
Quartile cut points
No. (cases/controls)
Unadjusted OR (95% CI)c
Multivariable-adjusted OR (95% CI)c,d
SHBG
Quartile cut points
No. (cases/controls)
Unadjusted OR (95% CI)c
Multivariable-adjusted OR (95% CI)c,d
Multivariable-adjusted OR (95% CI)c,e
Free estradiol
Quartile cut points
No. (cases/controls)
Unadjusted OR (95% CI)c
Multivariable-adjusted OR (95% CI)c,d
Free testosterone
Quartile cut points
No. (cases/controls)
Unadjusted OR (95% CI)c
Multivariable-adjusted OR (95% CI)c,d
Estradiol-to-testosterone ratio
Quartile cut points
No. (cases/controls)
Unadjusted OR (95% CI)c
Multivariable-adjusted OR (95% CI)c,d

Ptrenda

Quartile 1
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Table 4. Associations between circulating concentrations of sex hormones and SHBG with colon cancer in postmenopausal women (n ¼ 1028),
by strata of BMI
Variable

Tertile 2

Tertile 3

<14.5
161/171

14.5-21.7
161/173

21.7
190/172

1 [Referent] 0.83 (0.39 to1.73) 1.07 (0.36 to 3.16)
1 [Referent] 0.92 (0.51 to 1.64) 1.47 (0.83 to 2.62)
<3.0
169/171

3.0-5.2
177/173

5.2
166/172

1 [Referent] 1.57 (0.71 to 3.45) 0.75 (0.27 to 2.02)
1 [Referent] 1.16 (0.68 to 1.97) 1.26 (0.68 to 2.33)
<149.5
170/171

149.5-221.1
147/172

221.1
195/173

1 [Referent] 0.71 (0.32 to 1.57) 0.97 (0.39 to 2.40)
1 [Referent] 0.91 (0.54 to 1.52) 1.21 (0.71 to 2.06)
<394.7
165/171

394.7-589.2
166/171

589.2
181/173

1 [Referent] 0.56 (0.27 to 1.16) 0.77 (0.36 to 1.66)
1 [Referent] 1.07 (0.63 to 1.84) 1.23 (0.73 to 2.07)
<1414.3
171/171

1414.3-2482.3
173/172

2482.3
168/173

1 [Referent] 0.27 (0.11 to 0.66) 0.53 (0.23 to 1.21)
1 [Referent] 1.15 (0.69 to 1.93) 0.96 (0.56 to 1.63)
<44.1
170/172

44.1-65.4
168/172

65.4
174/172

1 [Referent] 0.50 (0.24 to 1.06) 1.29 (0.56 to 2.95)
1 [Referent] 1.27 (0.73 to 2.21) 1.27 (0.74 to 2.16)
<46.0
195/172

46.0-63.7
131/172

63.7
186/172

1 [Referent] 0.75 (0.26 to 2.17) 0.95 (0.37 to 2.39)
1 [Referent] 0.70 (0.41 to 1.19) 1.04 (0.59 to 1.84)
<69.5
185/171

69.5-123.4
152/172

123.4
175/173

1 [Referent] 1.21 (0.53 to 2.77) 0.51 (0.19 to 1.39)
1 [Referent] 0.74 (0.43 to 1.28) 1.07 (0.60 to 1.91)
<3.9
157/171

3.9-6.6
161/172

6.6
194/173

1 [Referent] 0.99 (0.47 to 2.11) 1.11 (0.50 to 2.47)
1 [Referent] 1.07 (0.63 to 1.83) 1.23 (0.72 to 2.10)

Ptrenda Continuous modelb P valuec Pinteractiond

–
–

–
–

–
–

.91
.15

1.05 (0.66 to 1.68)
1.33 (1.01 to 1.75)

.82
.04

–
–

–
–

–
–

.83
.46

0.89 (0.64 to 1.25)
1.10 (0.87to 1.39)

.51
.41

–
–

–
–

–
–

.91
.48

0.91 (0.57 to 1.45)
1.08 (0.81 to 1.44)

.69
.59

–
–

–
–

–
–

.42
.44

0.85 (0.54 to 1.35)
1.14 (0.84 to 1.55)

.50
.41

–
–

–
–

–
–

.17
.91

0.84 (0.62 to 1.16)
1.01 (0.81 to 1.26)

.29
.91

–
–

–
–

–
–

.73
.39

1.04 (0.68 to 1.59)
1.01 (0.75 to 1.36)

.86
.95

–
–

–
–

–
–

.91
.94

1.31 (0.73 to 2.36)
0.94 (0.68 to 1.30)

.36
.69

–
–

–
–

–
–

.29
.70

0.85 (0.62 to 1.16)
1.09 (0.88 to 1.35)

.30
.46

–
–

–
–

–
–

.81
.45

0.85 (0.62 to 1.16)
1.09 (0.88 to 1.35)

.30
.46

–
–
.07
–
–
–
–
.15
–
–
–
–
.51
–
–
–
–
.12
–
–
–
–
.23
–
–
–
–
.86
–
–
–
–
.73
–
–
–
–
.07
–
–
–
–
.55
–
–
(continued)
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Estrone
Tertile cut points
No. (cases/controls)
BMI, multivariable-adjusted OR (95% CI)e
<25 kg/m2
25 kg/m2
Estradiol
Tertile cut points
No. (cases/controls)
BMI, multivariable-adjusted OR (95% CI)e
<25 kg/m2
25 kg/m2
Testosterone
Tertile cut points
No. (cases/controls)
BMI, multivariable-adjusted OR (95% CI)e
<25 kg/m2
25 kg/m2
Androstenedione
Tertile cut points
No. (cases/controls)
BMI, multivariable-adjusted OR (95% CI)e
<25 kg/m2
25 kg/m2
DHEA
Tertile cut points
No. (cases/controls)
BMI, multivariable-adjusted OR (95% CI)e
<25 kg/m2
25 kg/m2
Progesterone
Tertile cut points
No. (cases/controls)
BMI, multivariable-adjusted OR (95% CI)e
<25 kg/m2
25 kg/m2
SHBG
Tertile cut points
No. (cases/controls)
BMI, multivariable-adjusted OR (95% CI)e
<25 kg/m2
25 kg/m2
Free estradiol
Tertile cut points
No. (cases/controls)
BMI, multivariable-adjusted OR (95% CI)e
<25 kg/m2
25 kg/m2
Free testosterone
Tertile cut points
No. (cases/controls)
BMI, multivariable-adjusted OR (95% CI)e
<25 kg/m2
25 kg/m2

Tertile 1

8 of 10 | JNCI Cancer Spectrum, 2021, Vol. 5, No. 6

Table 4. (continued)
Variable

Tertile 1

Tertile 2

Tertile 3

Ptrenda Continuous modelb P valuec Pinteractiond

–
–

–
–

–
–

.69
.26

0.42 (0.05 to 3.93)
2.10 (0.37 to 11.87)

.45
.40

–
–
.20
–

a
Statistical tests for trend (2-sided) were calculated using ordinal tertile variables entered into the model as a single continuous variable. BMI ¼ body mass index;
CI ¼ confidence interval; DHEA ¼ dehydroepiandrosterone; OR ¼ odds ratio; SHBG ¼ sex hormone–binding globulin.
b

Serologic variables were log2 transformed in a continuous model.

c

Statistical tests (2-sided) were calculated as a continuous variable.

d
e

Heterogeneity by BMI categories were tested using v2 tests. The test was 2-sided.
Odds ratios and 95% confidence intervals were estimated by conditional logistic regression models. Models were adjusted for BMI (underweight, normal, overweight,

or obese), smoking status (never, former, current, or unknown), physical activity (inactive, moderately inactive, moderately active, active, or unknown), ever use hormone therapy (yes, no, or unknown/missing), and alcohol consumption (continuous). Estrone, estradiol, and testosterone were adjusted for SHBG and vice versa.

A

B

C

Relative
RelativeRisk
Risk

Study
Study

(95%CI)
CI)
(95%

Mori
al. 2019 (14)
Mori,et2019

1.14 ( 0.99, 1.31)

Falk
al. 2015 (11)
Falk,et2015

1.00 ( 0.85, 1.17)

Murphy
al. 2015 (12)
Murphy,et
2015

0.86 ( 0.71, 1.03)

Lin,et2013
Lin
al. 2013 (8)

1.04 ( 0.72, 1.50)

Clendenen
al. 2009 (10)
Clendenen, et
2009

0.85 ( 0.47, 1.54)

Gunter
al. 2010 (9)
Gunter,et
2010

1.13 ( 0.96, 1.34)

Overall
Overall

Relative Risk
(95% CI)

Study

Mori et al. 2021

.5

.75
1
1.5
Relative Risk

2

Overall

1.01 ( 0.97, 1.05)

Murphy
et al. 2015 (12)
Murphy, 2015

0.85 ( 0.77, 0.95)

Lin,et
2013
Lin
al. 2013 (8)

1.06 ( 0.87, 1.28)

Clendenen, 2009
Clendenen
et al. 2009 (10)

1.30 ( 0.92, 1.83)

Overall
Overall

0.99 ( 0.88, 1.12)

.25

3

Overall (I2=31.1%, P=0.20)

D
Study

Falk
al. 2015 (11)
Falk,et
2015

Murphy et al. 2015 (12)

1.03 ( 0.93, 1.14)

.25

Relative Risk
Relative
Risk
(95%
CI)
(95% CI)

Study
Study

Overall (I2=1.9%, P=0.30)

.5

.75
1
1.5
Relative Risk

2

3

Overall (I2=75.0%, P= 0.007)

E
Relative Risk
(95% CI)

Relative Risk

Relative Risk
(95% CI)
(95%
CI)

Study
Study

Mori et al. 2021
Murphy
al. 2015 (12)
Murphy, et
2015

1.02 ( 0.79, 1.32)

Clendenen
et al. 2009 (10)
Clendenen, 2009

1.37 ( 0.61, 3.10)

Overall
Overall

1.05 ( 0.82, 1.34)

Murphy et al. 2015 (12)
Clendenen et al. 2009 (9)
Overall

.25

.5

.75

1

1.5

2

3

Relative Risk

Overall

(I2=81.7%,

P=0.004)

Overall (I2=0.0%, P= 0.50)

Figure 1. Dose-response analysis between circulating estradiol, estrone, and colorectal cancer risk. A) Estradiol and colorectal cancer, per 5 pg/mL. B) Estradiol and colon cancer, per 5 pg/mL. C) Estrone and colorectal cancer, per 10 pg/mL. D) Estrone and colon cancer, per 10 pg/mL. E) Estrone and rectal cancer, per 10 pg/mL. The average of the natural logarithm of the relative risks was estimated, and the relative risk from each study was weighted using random effects weighting. A 2-tailed P < .05
was considered statistically significant. Heterogeneity between studies was quantitatively assessed by the Q test and I2. The black squares represent the odds ratios of
the individual studies and the error bars their 95% confidence intervals (CIs). The area of the black squares reflects the weight each trial contributes in the metaanalysis.

In our nested case-control study, we found a positive association between circulating estrone concentrations and colon
cancer for overweight/obese women but not for normal-weight
women. This heterogeneity according to BMI group, however,
did not reach the threshold of statistical significance, and prior
studies have found limited evidence that the sex hormone–colorectal cancer association may differ according to body size
(10). Given the multiple statistical analyses conducted, it is possible that the positive association we observed between estrone
and colon cancer for overweight/obese women was a chance
finding. Further studies are needed to examine the role of body
size on the sex hormone–colorectal cancer association.
Previously, we reported a positive association between circulating testosterone levels and colorectal cancer risk in a
Japanese population (14). It should be noted, however, that this

study used a less sensitive assay to measure sex hormone concentrations, and more than 60% of the participants had measured testosterone concentrations below the LLOQ (14). In the
current analysis of postmenopausal European women, similar
to studies of UK and US women (8,36) and a recent Mendelian
randomization study (37), we found no association between circulating testosterone levels and colon cancer risk. We also
found no association between circulating concentrations of androstenedione and DHEA with colon cancer risk. Taken together, these results provide little support for androgens having
a prominent role in colon cancer development for postmenopausal women.
SHBG is a hepatically derived glycoprotein and principal
transport protein of estrogens and androgens and is therefore
an important regulator of their bioactivity (38). In addition,
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Estradiol-to-testosterone ratio
Tertile cut points
<0.22
0.22-0.31
0.31
No. (cases/controls)
168/171
175/172
169/173
BMI, multivariable-adjusted OR (95% CI)e
<25 kg/m2
1 [Referent] 1.24 (0.60 to 2.54) 0.67 (0.24 to 1.87)
25 kg/m2
1 [Referent] 1.06 (0.61 to 1.82) 1.43 (0.76 to 2.71)
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