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Abstract
The association between lifestyle and survival after colorectal cancer has received limited attention. The female sex hormone, oestrogen, has
been associated with lower colorectal cancer risk and mortality after colorectal cancer. Phyto-oestrogens are plant compounds with structure
similar to oestrogen, and the main sources in Western populations are plant lignans. We investigated the association between the main lignan
metabolite, enterolactone and survival after colorectal cancer among participants in the Danish Diet, Cancer and Health cohort. Prediagnosis
plasma samples and lifestyle data, and clinical data from time of diagnosis from 416 women and 537 men diagnosed with colorectal cancer
were used. Enterolactone was measured in plasma using a liquid chromatography–tandem mass spectrometry (LC–MS/MS) method.
Participants were followed from date of diagnosis until death or end of follow-up. During this time, 210 women and 325 men died (170
women and 215 men died due to colorectal cancer). The Cox proportional hazards model was used to estimate hazard ratios (HR) and 95%
CI. Enterolactone concentrations were associated with lower colorectal cancer-specific mortality among women (HRper doubling: 0·88, 95% CI
0·80, 0·97, P= 0·0123). For men, on the contrary, enterolactone concentrations were associated with higher colorectal cancer-specific mortality
(HRper doubling: 1·10, 95% CI 1·01, 1·21, P= 0·0379). The use of antibiotics affects enterolactone production, and the associations between
higher enterolactone and lower colorectal cancer-specific mortality were more pronounced among women who did not use antibiotics
(analysis on a subset). Our results suggest that enterolactone is associated with lower risk of mortality among women, but the opposite
association was found among men.
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Colorectal cancer is the third most common cancer type, with
1·4 million cases diagnosed worldwide in 2012(1). While the
incidence, in general, has been increasing, the mortality has
been decreasing in most regions(2,3), and thus, there are large
number of colorectal cancer survivors. In the USA alone, there
are more than 1·2 million colorectal cancer survivors, and the
number is expected to increase to more than 1·5 million by
2024(4). While there is strong evidence of diet and physical
inactivity playing a role in colorectal cancer(5), the influence of
dietary and lifestyle risk factors on survival among colorectal
cancer patients remains much less studied. There are indica-
tions of a Western dietary pattern being associated with higher
overall mortality(6). Specifically, in the American cohorts Nurses’
Health Study and Health Professionals Follow-up Study, intake
of whole grains has been associated with better survival among
people diagnosed with colorectal cancer(7).

Incidence rates of colorectal cancer are higher among men
than among women, and it has been hypothesised that this is
partly due to a protective effect of oestrogen. Two types of oes-
trogen receptors (ER) have been identified, ERα and ERβ, with the
latter predominantly expressed in both malignant and normal
colonic epithelium, but with decreasing expression with cancer
progression(8,9). Furthermore, ERβ is shown to inhibit tumour cell
proliferation, whereas ERα may increase cell proliferation(10).
Phyto-oestrogens have also been suggested as protective against
colorectal cancer due to the oestrogen-like structure, and phyto-
oestrogens have higher affinity for ERβ than ERα(10). In Europe
and North America, plant lignans are the main type of phyto-
oestrogens consumed deriving from, for example, whole grains
and fibre-rich vegetables; however, seeds such as sesame seed
and flaxseed have the highest content, but are less con-
sumed(11–13). In Asia, isoflavonoids from, for example, soya

Abbreviations: DCCG, Danish Colorectal Cancer Group; ER, oestrogen receptor; HR, hazard ratio; UICC, Union for International Cancer Control.

* Corresponding author: C. Kyrø, email ceciliek@cancer.dk

doi:10.1017/S0007114518002143
© The Authors 2018
British Journal of Nutrition (2019), 122, 552–563

; First published online 3 September 2018)

https://doi.org/10.1017/S0007114518002143  Published online by Cam
bridge U

niversity Press

mailto:ceciliek@cancer.dk
https://doi.org/10.1017/S0007114518002143
http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/S0007114518002143&domain=pdf
https://doi.org/10.1017/S0007114518002143


products remain the most studied, and a high intake has been
related to lower colorectal cancer risk in Asian populations(14). A
previous study based on the same cohort as the present study
found enterolactone, the main microbial-derived metabolite of
plant lignans, to be associated with lower colorectal cancer inci-
dence among women, but with a higher risk among men(15). A
recent meta-analysis, which investigated the association between
enterolactone concentration, plant lignan intake and colorectal
cancer risk(14) found no significant associations. However, the
results were based on only four cohort studies. Thus, few studies
have been conducted, and colorectal cancer survivorship remains
almost unstudied.
When plant lignans are ingested, they are converted into

primarily enterolactone by the gut microbiota. Therefore, the
circulating level of enterolactone depends on the intake of lig-
nans and on the capacity of the gut microbiota to convert plant
lignans to mainly enterolactone. Microbial disturbing factors
such as antibiotics may affect the enterolactone production(16),
and other factors like body fatness and smoking have also been
related to lower concentrations(17,18). Phyto-oestrogens share
structural similarities with endogenous oestrogens and can exert
agonist or antagonist effects on the ER(19). Another much more
studied type of exogenous oestrogen is menopausal hormone
therapy. Use of exogenous oestrogens has been related to
lower risk(20), especially for ERβ-positive cancer(21). A recent
cohort study found the use of menopausal hormone therapy
postdiagnosis to be associated with lower risk of colorectal
cancer mortality(22). However, overall the role of menopausal
hormone therapy in colorectal cancer aetiology and progression
is complex and remains largely undetermined.
From both epidemiological and mechanistic studies, it seems

plausible that enterolactone could play a role in colorectal cancer
progression. The aim of the present study was to investigate the
association between prediagnosis plasma concentrations of
enterolactone among persons diagnosed with colorectal cancer in
relation to all-cause and cause-specific mortality. We hypothe-
sised that high enterolactone concentrations were associated with
lower all-cause and colorectal cancer-specific mortality.

Methods

Study population

The ongoing Danish cohort study ‘Diet, Cancer and Health’
consists of 57 053 men and women (with response rates of 34
and 37%, respectively). The participants were recruited in
1993–1997, and they were 50–64 years of age at invitation(23). At
recruitment, participants completed a validated 192-item
FFQ(24), a lifestyle questionnaire, and had anthropometric
measurements taken by trained personnel. From each partici-
pant, a total of 30ml blood was drawn, spun and divided into
plasma, serum and ‘buffy coat’. The samples were processed
and frozen within 2 h at −20°C and thereafter stored in liquid N2

(maximum −150°C)(23).

Incidence of colorectal cancer

In all, 57 053 participants were followed from recruitment (1993–
1997) for colorectal cancer incidence until end of 2009. Through

linkage to the Danish Cancer Registry(25), which holds information
on all cancer cases in Denmark, 1003 first incident primary col-
orectal cancer cases with plasma samples available in the biobank
were identified. The colorectal cancer cases were identified as
codes C18–C20 in the 10th revision of the International Statistical
Classification of Disease, Injury and Causes of Death-10. Proximal
colon cancers include cancers of the caecum, appendix, ascend-
ing colon, hepatic flexure, transverse colon and splenic flexure
(C18 : 0–C18 : 5); distal colon cancer includes the descending
(C18 : 6) and sigmoid colon (C18 : 7). Overlapping (C18 : 8) and
unspecified lesions (C18 : 9) were grouped as ‘overlapping/
unspecified’, and cancers of the rectosigmoid junction (C19 : 9;
region at the transition between colon and rectum) of the colon
were grouped among all colon cancers and grouped as ‘recto-
sigmoid junction’ (C18 : 0–C18 : 9). Cancers of the rectum (C20)
were grouped as rectal cancer.

Laboratory analyses: plasma concentrations of
enterolactone

Plasma concentration of enterolactone was successfully mea-
sured in 1002 of the 1003 plasma samples from participants later
diagnosed with colorectal cancer. A high-throughput liquid
chromatography–tandem mass spectrometry (LC–MS/MS) was
used to measure enterolactone as glucuronide-conjugated,
sulphate-conjugated and in free form(26). Previous studies have
used a fluoro-immunoassay method that applies enzymatic
hydrolyses for deconjugation of enterolactone and further time-
consuming diethyl ether extraction(27). The method used in the
present study consists of simple solid-phase extraction using
ninety-six-well plates combined with short LC–MS/MS run,
which offers the handling of 192 samples per d. The used LC–
MS/MS method furthermore has superior selectivity and sensi-
tivity and can quantify enterolactone in its intact forms as
conjugate of glucuronic and sulphonic acids and as free
enterolactone without any modification of sample(26).

Endpoints and clinical characteristics

Information on vital status, date of death and cause of death
was obtained from The Danish Civil Registration System
and The Danish Register of Causes of Death(28,29). Information
on date of disappearance or emigration was from The
Danish Civil Registration System(29). End of follow-up was
31 December 2015.

From the database of the Danish Colorectal Cancer Group
(DCCG), the following information was available: physical sta-
tus of the patient at time of diagnosis according to the American
Society of Anesthesiologists (ASA) physical status classification
system (ASA score)(30), Charlson comorbidity index(31), clinical
characteristics (cancer stage) and information on cancer treat-
ment received (surgery with curative aim)(32). The DCCG holds
population-based clinical data since May 2001. Study partici-
pants of the present study that were not subsequently con-
firmed to have primary colorectal adenocarcinoma in DCCG
(e.g. benign tumour, tumour located in anus or small intestine)
were excluded (n 36) leaving 966 participants. About 71% (681
participants of the 966 in total) were diagnosed later than May
2001 and thus had clinical information from DCCG available.
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Participants with missing information on important co-
variates (n 13) were excluded. Of the remaining 953 partici-
pants (416 women and 537 men), 535 died (210 women, 325
men) during follow-up (until 31 December 2015), 385 from
colorectal cancer (170 women, 215 men) and 150 for cause
other than colorectal cancer (40 women and 110 men) (see
online Supplementary Fig. S1 for flow chart).

Antibiotics use

From the Danish National Prescription Registry(33), information
on redeemed prescriptions from Danish community pharmacies
since 1995 is available. For the present study, antibiotics use up
to 12 months before blood sample (blood sampling at recruit-
ment, prediagnosis) was obtained. The use of antibiotic was
categorised into three groups based on the most recent filling of
antibiotic prescriptions (as done in a previous study(16)): 0–-
3 months before recruitment, 3–12 months before recruitment
or no use. Since the database was not available until 1995,
12-month prior use of antibiotics could only be obtained from
those that were recruited after 1 January 1996. Thus, analyses
accounting for antibiotics use were only possible for those
recruited from 1 January 1996 (n 523, 55%).

Statistical analyses

Characteristics from time of recruitment (prediagnosis) and
from time of diagnosis are presented as medians with corre-
sponding percentiles (5th and 95th) or as percentages.
Cox proportional hazards models were used to estimate the

association between prediagnosis plasma concentrations of
enterolactone in relation to all-cause and cause-specific mortality
(colorectal cancer-specific mortality and other causes of death).
Time since diagnosis (defined as time elapsed from date of
diagnosis until exit) was used as underlying time scale. The par-
ticipants were followed from date of diagnosis of colorectal cancer
until date of death (n 535), disappearance (n 0), emigration (n 2)
or end of follow-up (31 December 2015), whichever came first.
For colorectal cancer-specific mortality and other causes of death,
deaths from the other cause(s) were censored. Linearity of the
associations for enterolactone (exposure) and all continuous
co-variates were evaluated using linear splines with three knots
placed at the quartile cut-off points among deceased partici-
pants(34). Enterolactone concentration was log-transformed in
order to obtain linearity; none of the other evaluated variables
showed departures from linearity. Based on a priori assumption,
separate analyses were performed by sex.
The exposure, enterolactone was investigated both as a

continuous variable and as a categorical variable. The con-
tinuous variable was the log-transformed concentration so one
unit difference corresponds to a doubling in concentration. The
categorical variable corresponded to sex-specific quartiles
among all participants with the lowest quartile as reference. The
results are presented as hazard ratios (HR) with 95% CI. Two
models were conducted; a minimally adjusted model (model 1a)
(adjusted for age at diagnosis) and a model adjusted for
potential confounders (model 1b). In model 1b, age at diag-
nosis, smoking status and length of schooling were included
a priori. The following variables were further evaluated using a

change-in-estimator criterion with a cut-off of 10% of the con-
tinuous estimate of enterolactone, pack-years, fasting status,
BMI, waist circumference, alcohol intake, participation in
sports, hours a week spent on sport activities, intake of pro-
cessed meat, intake of red meat, intake of dairy products, total
Ca intake and frequency of bowel movements and for women,
menopausal status and use of menopausal hormones. For BMI
and waist circumference, both alone changed the association
more than 10%. However, adding BMI to the analysis adjusted
for waist circumference did not change the association more
than 10%, and thus, the analyses were only adjusted for waist
circumference. The following were thus included in model 1b
for both men and women; age at diagnosis, smoking status
(current, former, never), schooling (as measure of socio-
economic status, ≤7, 8–10, ≥11 years), quantification of cigar-
ette smoking, that is, pack-years (lifetime average number of
cigarettes smoked multiplied by the number of years smoked
divided by 20. One pack of cigarettes has twenty cigarettes),
waist circumference (cm), alcohol intake (abstainer yes/no,
continuous intake), intake of processed meat (g/d, all con-
sumed processed meat) and frequency of bowel movements
(≤4 times/week, 5–6 times/week, 1 time/d, ≥2 times/d).

Analyses restricted to those with diagnosis after May 2001
(and thus clinical data available from DCCG) were made; one
analysis was adjusted for general health at time of diagnosis,
that is, Charlson comorbidity index (0, 1, ≥2) and ASA score
(II, II, III, IV); furthermore, one analysis was made with
adjustment for treatment, that is, radical surgery performed (yes,
no). Information on chemotherapy was unfortunately unavail-
able for most of the participants in the present study.

In order to test whether the use of antibiotics up to 12 months
before blood sampling (exposure measurement) lead to dif-
ferential associations, analyses including only participants
recruited after 1 January 1996 (n 523, 55%) were performed.
Possible differential associations by antibiotics use was inves-
tigated by associating plasma enterolactone with events allow-
ing for different associations for each of the two categories of
antibiotics use (binary, used antibiotics 0–12 months before
blood sampling, yes/no). Comparison of the regression coeffi-
cients was done using a Wald test for the hypothesis of equal
regression coefficients. We furthermore investigated the asso-
ciation between plasma levels of log-transformed enterolactone
as dependent variable and estimated log-transformed lignan
intake (estimated using dietary intake from the FFQ and the
Phenol Explorer(35)) depending on the use of antibiotics within
12 months before blood sampling. Results are reported as the
percentage change in enterolactone concentration (with corre-
sponding 95% CI and P values) per doubling in lignan intake
according to prior use of antibiotics.

Possible differential associations with plasma enterolactone by
tumour subsite and Union for International Cancer Control (UICC)
stage were tested allowing different associations with the log-
transformed enterolactone concentration for each category of
tumour subsite/UICC stage. Comparison of the regression coeffi-
cients was done using a Wald test for the hypothesis of equal
regression coefficients. For the analyses for UICC stage, it was only
possible to conduct the analysis on a subset (68%). Lastly, pos-
sible differential associations by time between blood sampling and
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diagnosis was investigated (0–5, >5–10, >10 years). The above
analyses were performed for all-cause mortality only due to lim-
ited statistical power for cause-specific mortality.
Before conducting the study, power calculations were made

to make sure that the number of participants and events were
sufficient to measure the expected effect size. The power cal-
culations are based on the assumption of a log-rank two-sample
test comparing those above to those below the median enter-
olactone concentration and are based on an anticipated number
of colorectal cancer cases of 1038 with an expected 5-year
survival of 55% among those with levels below the median.
With a statistical power of 90% and a two-sided significance
level of 0·05, a risk reduction of 25% can be detected (or with
80% power, a risk reduction of 22%).
SAS® statistical software release 9.4 was used for statistical

analyses. The PHREG procedure was used for the Cox propor-
tional hazard models and the ‘assess ph’ option was used to test
for proportionality, and no violation was found. The ‘test’ state-
ment in PHREG was used to perform the Wald test. The GLM
procedure was used to investigate associations between entero-
lactone and estimated lignan intake depending on antibiotics use.
The power analysis was made using the POWER procedure. The
UNIVARIATE and FREQ procedures were used for descriptive
analyses. Statistical significance level was P< 0·05.

Ethics

The present study has obtained approvals from The National
Committee on Health Research Ethics (Den Videnskabsetiske
Komité for Region Hovedstaden) and the Danish Data Protec-
tion Agency. Approval to link with the database of DCCG was
obtained through the Danish Clinical Registries (‘Regionernes
Kliniske Kvalitetsudviklingsprogram’; RKKP). Linkage with the
Danish National Prescription Registry was approved by the
Danish authorities (Sundhedsdatastyrelsen), and made through
Statistics Denmark.

Results

Of the 416 women and 537 men diagnosed with colorectal
cancer, 210 women (50%) and 325 men (61%) died during
follow-up (170 women and 215 men had colorectal cancer as
cause of death, and the remaining forty women and 110 men
died due to other causes). Those with an enterolactone con-
centration in the highest quartile had a lower prediagnosis BMI,
higher intake of whole grains and had longer educations.
Additionally, more reported to have constipation (frequency of
bowel movements ≤4 times/week) (Table 1). Those who died
during follow-up had more advanced disease and more
comorbidities. For prediagnosis lifestyle, those that died during
follow-up were more likely to be smokers. The prediagnosis
median enterolactone concentration was 19 (5th–95th percen-
tile 2–83) nmol/l for women and 18 (5th–95th percentile
3–90) nmol/l for men. Among women, those that died during
follow-up tended to have lower enterolactone concentrations,
whereas no apparent difference was observed for men (online
Supplementary Table S1).

For women, enterolactone concentrations were borderline
associated with all-cause mortality (HRmodel 1b, per doubling in con-

centration: 0·92, 95 % CI 0·84, 1·00, P= 0·0509) (Table 2). For
colorectal cancer-specific mortality, a 12% lower risk per
doubling in enterolactone concentration was observed
(HRmodel 1b, per doubling in concentration: 0·88, 95% CI 0·80, 0·97,
P= 0·0123), and no association was found for non-colorectal
cancer mortality. The above continuous associations is also
illustrated by the women with enterolactone concentrations in
the highest quartile on average having a 37% lower colorectal
cancer-specific mortality (HRmodel 1b: 0·63, 95% CI 0·41, 0·99)
compared with women with enterolactone concentrations in the
lowest quartile. For men, no statistically significant association
was found between enterolactone and all-cause mortality or
other non-colorectal cancer-specific mortality. For colorectal
cancer-specific mortality, for men, a doubling in enterolactone
was associated with a 10% higher risk of colorectal cancer-
specific mortality (HRmodel 1b, per doubling in concentration: 1·10, 95%
CI 1·01, 1·21, P= 0·0379). No tendencies of dose–response
relationships illustrated by quartile estimates were observed for
men for any of the outcomes.

Investigation of possible differential associations between
events and plasma enterolactone depending on use of anti-
biotics up to 12 months before blood sampling (enterolactone
measurement) was possible on a subset (n 523, 55%) (Table 3).
For women, the association with all-cause mortality and color-
ectal cancer-specific mortality seemed more pronounced
among those that did not use antibiotics 0–12 months before
blood sampling, although the test for interaction was statistically
insignificant. For men, no sign of interaction was found,
although signs of a direct association was most pronounced
among those that used antibiotics. The association between
plasma enterolactone concentrations and estimated intake of
lignans was investigated according to antibiotics use (data not
shown). For women that did not use antibiotics, a doubling in
estimated lignan intake was associated with a 56% higher
enterolactone concentration (56%, 95% CI 15, 110, P= 0·0041),
and for those who used antibiotics 0–12 months before blood
sampling, no association was found. For men, no association
was found among those that did not used antibiotics, whereas a
surprising inverse association was found among those that did
use antibiotics 0–12 months before blood sampling (−49%, 95%
CI −72, −6, P= 0·0317).

Potential differences by tumour site and UICC stage was
investigated (Table 4). For tumour subsites, the P value for
interaction was statistically insignificant for men and women.
For women, however, the inverse association between entero-
lactone and all-cause mortality appeared more pronounced
proximal colon cancer subtypes, and the association appeared
less pronounced the closer the tumour was to the rectum. For
UICC stage, an interaction was observed for both women and
men. For women, the association between enterolactone and
mortality endpoints seemed most pronounced among women
with UICC stages II and III, and for men, those with stages I and
IV had a point estimate much higher than 1·00.

Adjusting for associations between plasma enterolactone and
all-cause mortality for general health status and cancer treat-
ment did not change estimates (online Supplementary Table S2).
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Table 1. Characteristics of women and men diagnosed with colorectal cancer for all and according to prediagnosis quartile (Q) of plasma enterolactone
concentration*
(Numbers and percentages; medians and 5th–95th percentiles (P5–P95))

Women (n 416) Men (n 537)

Quartile of prediagnosis plasma concentration of
enterolactone (nmol/l)

Quartile of prediagnosis plasma concentration of
enterolactone (nmol/l)

Q1 (≤9·9)§
Q2 (10·0–
19·2)§

Q3 (19·3–
38·5)§

Q4
(≥38·6)§ Q1 (≤8·9)§

Q2 (9·0–
18·2)§

Q3 (18·3–
37·1)§

Q4
(≥37·2)§

n 104 n 104 n 104 n 104 n 136 n 133 n 133 n 135

n % n % n % n % n % n % n % n %

Follow-up
Follow-up time used in study (time from diagnosis until death or end of follow-up)
Median 5 7 8 9 7 6 6 6
P5–P95 0–17 1–17 0–17 0–19 0–16 0–16 0–15 0–15

Event
Deceased 59 57 58 56 50 48 43 41 80 59 82 65 84 63 79 59
Deceased (colorectal cancer) 51 49 43 41 39 38 37 36 46 34 60 45 53 40 56 41
Deceased (non-colorectal cancer) 8 8 15 14 11 11 6 6 34 25 22 17 31 23 23 17

From time of diagnosis
Age at diagnosis (years)
Median 66 65 67 64 66 66 66 66
P5–P95 67–77 58–74 55–76 55–74 58–75 58–76 57–76 57–75

Colorectal cancer subtypes
Proximal colon cancer 44 42 24 23 35 34 21 20 31 23 30 23 33 25 28 21
Distal colon cancer 23 22 37 36 27 26 37 36 36 26 37 28 37 28 42 31
Rectosigmoid junction 6 6 5 5 4 4 4 4 6 4 8 6 11 8 4 3
Rectum 25 24 34 33 32 31 37 36 55 40 57 43 46 35 58 43
Overlapping and unspecified 6 6 4 4 6 6 5 5 8 6 1 1 6 5 3 2

UICC stage†‡
Stage I (T1 or T2, N0, M0) 11 17 7 11 9 13 11 17 14 14 15 17 15 17 25 25
Stage II (T3 or T4, N0, M0) 13 20 19 31 27 38 22 34 35 35 27 30 27 30 34 34
Stage III (any T stage, N1 or N2, M0) 23 35 21 34 16 22 17 27 29 29 27 30 29 32 20 20
Stage IV (M1) 19 29 15 24 20 28 14 22 23 23 20 22 19 21 20 20

Charlson comorbidity index†
0 54 74 52 81 63 83 59 91 77 74 73 76 78 83 80 80
1 10 14 9 14 6 8 6** 9** 16 15 15 16 9 10 8 8
≥ 2 9 12 3 5 7 9 11 11 8 8 7 7 12 12

ASA score†¶
I (normal healthy patient) 18 31 22 35 19 26 20 33 27 27 26 29 23 27 30 33
II (patient with mild systemic disease) 31 53 35 56 43 60 33 55 56 57 45 51 47 55 45 49
III (patient with severe systemic

disease)
9** 16** 5 8 7 10 7 12 16** 16** 14 16 11 13 16** 17**

IV (patient with severe systemic
disease that is a constant threat to life)

0 0 3 4 0 0 4 4 4 5

Radical (curative) surgery† ††

Radical surgery performed 46 68 46 74 51 67 50 77 72 71 65 72 66 74 69 70
Radical surgery not performed 22 32 16 26 25 33 15 23 30 29 25 28 23 26 29 30

From recruitment (prediagnosis)
BMI (kg/m2)
Median 27 26 25 25 28 27 26 25
P5–P95 20–38 20–34 20–35 20–33 23–34 21–34 21–31 21–33

BMI group (kg/m2)
BMI ≤25 32 31 46 44 49 47 54 52 27 20 44 33 48 36 66 49
BMI >25 to ≤30 42 40 39 38 33 32 36 35 76 56 63 47 75 56 50 37
BMI >30 30 29 19 18 22 21 14 13 33 24 26 20 10 8 19 14

Menopausal status
Premenopausal 10 10 11 11 10 10 17 16 – – – – – – – –

Postmenopausal 94 90 93 89 94 90 87 84 – – – – – – – –

Use of hormones
Never 61 59 58 56 66 63 67 64 – – – – – – – –

Former 16 15 26 25 5 5 14 13 – – – – – – – –

Current 27 26 20 19 33 32 23 22 – – – – – – – –

Schooling
Short (≤7 years) 47 45 46 44 34 33 32 31 54 40 49 37 40 30 38 28
Medium (8–10 years) 42 40 38 37 51 49 54 52 60 44 60 45 58 44 66 49
Long (≥11 years) 15 14 20 19 19 18 18 17 22 16 24 18 35 26 31 23

Participate in sports (yes) 46 44 59 57 48 46 62 60 53 39 56 42 68 51 58 43
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When investigating possible differential associations by time

between blood sampling (enterolactone measurement) and
diagnosis, no sign of interaction was found among women.
Among men, a borderline significant interaction was observed
(P= 0·0513), where a direct association between enterolactone
and all-cause mortality was found among those with the
shortest time between blood sampling and diagnosis (0–5
years) (online Supplementary Table S3).

Discussion

High prediagnosis enterolactone concentrations were associated
with lower colorectal cancer-specific mortality among women in
the present study. For men, on the contrary, enterolactone was
associated with higher colorectal cancer-specific mortality,
although no sign of a dose–response relationship was found.

The present study had several potential weaknesses but also
strengths that should be considered before interpreting the

Table 1. Continued

Women (n 416) Men (n 537)

Quartile of prediagnosis plasma concentration of
enterolactone (nmol/l)

Quartile of prediagnosis plasma concentration of
enterolactone (nmol/l)

Q1 (≤9·9)§
Q2 (10·0–
19·2)§

Q3 (19·3–
38·5)§

Q4
(≥38·6)§ Q1 (≤8·9)§

Q2 (9·0–
18·2)§

Q3 (18·3–
37·1)§

Q4
(≥37·2)§

n 104 n 104 n 104 n 104 n 136 n 133 n 133 n 135

n % n % n % n % n % n % n % n %

Smoking status
Never 40 38 38 37 51 49 47 45 28 21 26 20 28 21 25 19
Former 17 16 24 23 22 21 30 29 44 32 44 33 48 36 63 47
Current 47 45 42 40 31 30 27 26 64 47 63 47 57 43 47 35

Pack-years of smoking (for current and
former smokers)
Median 23 21 15 13 31 28 31 26
P5–P95 7–43 2–41 3–35 1–35 5–69 5–73 4–62 4–94

Alcohol intake
Intake among users (g/d)

Median 6 8 8 11 32 44 26 19
P5–P95 0–40 1–44 1–45 1–42 2–93 2–86 3–81 2–75

Frequency of bowel movements
≤4 times/week 7 7 14 13 14 13 14 13 8** 5** 3 2 10** 8** 13 10
5–6 times/week 6 6 4 4 9 9 15 14 3 2 14 10
1 time/d 71 68 67 64 72 69 59 57 63 46 88 66 84 63 73 54
≥2 times/d 20 19 19 18 9 9 16 15 65 48 39 29 39 29 35 26

Dietary fibre intake (g/d)
Median 18 19 20 20 20 20 21 21
P5–P95 10–31 10–33 10–34 11–33 11–34 11–32 10–30 11–35

Whole-grain intake (g/d)
Median 30 33 36 40 38 38 40 45
P5–P95 9–68 10–67 9–71 13–81 9–74 13–83 15–89 15–94

Processed meat intake (g/d)
Median 21 18 21 19 36 38 36 30
P5–P95 4–43 6–53 4–48 5–41 7–105 13–110 9–90 7–76

Total plasma enterolactone (nmol/l)
Median 5 14 26 60 5 13 25 58
P5–P95 1–9 10–19 20–36 40–146 1–9 10–18 19–36 39–152

From 0 to 12 months before blood sampling
(recruitment, prediagnosis)
Antibiotics use
0–3 months before blood sampling 11 24 6 13 6 10 6 9 8 11 5 7 4 5 2 3
3–12 months before blood sampling 9 20 12 25 11 18 14 21 9 13 9 12 17 21 9 12
No antibiotics use 0–12 months before

blood sampling
25 56 30 63 43 72 48 71 55 76 60 81 61 74 63 85

Missing (recruited before 1996 – no
register data available)

59 57 56 54 44 42 36 35 64 47 59 44 51 38 61 45

UICC, Union for International Cancer Control; ASA, American Society of Anesthesiologists.
* Characteristics are from recruitment (before diagnosis) and at time of diagnosis. The Diet, Cancer and Health cohort.
† n, women=138 (33%) and n, men=138 (33%) have missing information due to diagnosis before May 2001.
‡ n, women=14 (3%) and n, men=15 (3%) missing (unknown reason).
§ Enterolactone concentrations are expressed in nmol/l.
¶ n, women=26 (6%) and n, men=30 (6%) missing (unknown reason).
** Two categories merged into one due to n<3 in one of the categories.
†† n, women=7 (2%) and n, men=15 (3%) missing (unknown reason).
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Table 2. Association between prediagnosis plasma concentrations of enterolactone and risk of all-cause, colorectal cancer-specific mortality, and non-colorectal cancer-specific mortality – women and men
diagnosed with colorectal cancer from the Diet, Cancer and Health cohort (n 953)*
(Hazard ratios (HR) and 95% confidence intervals)

Women (n 416)

All-cause mortality (n 210) Colorectal cancer-specific mortality (n 170) Non-colorectal cancer-specific mortality (n 40)

Model 1a† Model 1b‡ Model 1a† Model 1b‡ Model 1a† Model 1b‡

HR 95 % CI P HR 95% CI P HR 95% CI P HR 95% CI P HR 95% CI P HR 95% CI P

Continuous, per doubling in concentration 0·89 0·82, 0·96 0·0037 0·92 0·84, 1·00 0·0509 0·88 0·80, 0·96 0·0042 0·88 0·80, 0·97 0·0123 0·93 0·76, 1·13 0·46 1·11 0·88, 1·39 0·38
Q1 (≤9·9)§ 1·00 Ref. 0·07|| 1·00 Ref. 0·34|| 1·00 Ref. 0·10|| 1·00 Ref. 0·22|| ¶ ¶
Q2 (10·0–19·2)§ 0·88 0·62, 1·27 0·97 0·67, 1·41 0·75 0·50, 1·13 0·78 0·51, 1·18
Q3 (19·3–38·5)§ 0·75 0·52, 1·10 0·85 0·58, 1·27 0·69 0·45, 1·04 0·71 0·46, 1·10
Q4 (≥38·6)§ 0·60 0·41, 0·89 0·70 0·47, 1·07 0·60 0·39, 0·92 0·63 0·41, 0·99

Men (n 537)

All-cause mortality (n 325) Colorectal cancer-specific mortality (n 215) Non-colorectal cancer-specific mortality (n 110)

Model 1a† Model 1b‡ Model 1a† Model 1b‡ Model 1a† Model 1b‡

HR 95% CI P HR 95% CI P HR 95% CI P HR 95% CI P HR 95% CI P HR 95% CI P

Continuous, per doubling in concentration 1·01 0·94, 1·09 0·75 1·07 0·99, 1·15 0·10 1·06 0·97, 1·15 0·22 1·10 1·01, 1·21 0·0379 0·92 0·82, 1·04 0·18 0·98 0·86, 1·13 0·80
Q1 (≤8·9)§ 1·00 Ref. 0·82|| 1·00 Ref. 0·32|| 1·00 Ref. 0·32|| 1·00 Ref. 0·09|| ¶ ¶
Q2 (9·0–18·2)§ 1·11 0·82, 1·52 1·30 0·95, 1·78 1·44 0·98, 2·11 1·64 1·10, 2·43
Q3 (18·3–37·1)§ 1·13 0·83, 1·54 1·31 0·95, 1·81 1·27 0·85, 1·88 1·44 0·95, 2·17
Q4 (≥37·2)§ 1·02 0·75, 1·39 1·27 0·91, 1·78 1·25 0·85, 1·85 1·52 1·00, 2·31

Q, quartiles; Ref., reference.
* HR and 95% CI were obtained by the Cox proportional hazards model.
† Model 1a: adjusted for age.
‡ Model 1b: additionally adjusted for smoking status (current, former, never), schooling (as measure of socio-economic status, ≤7, 8–10, ≥11 years), quantification of cigarette smoking, that is, pack-years, waist circumference (cm), alcohol

intake (abstainer yes/no, continuous intake), intake of processed meat (g/d) and frequency of bowel movements (≤4 times/week, 5–6 times/week, 1 time/d, ≥2 times/d).
§ Enterolactone concentrations are expressed in nmol/l.
|| Overall P value for quartiles (main effect of the categorical variable).
¶ Numbers of events too small for analysis.
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Table 3. Association between prediagnosis plasma concentrations of enterolactone as continuous (per doubling in concentration) and risk of all-cause, colorectal cancer-specific mortality, and non-
colorectal cancer-specific mortality – separately for those that used antibiotics 0–12 months before blood sampling and those that did not, respectively – women and men diagnosed with colorectal cancer
from the Diet, Cancer and Health cohort*†
(Numbers, hazard ratios (HR) and 95% confidence intervals)

Women (n 221)

All-cause mortality
(n 108)

CRC-specific mortality
(n 86)

Non-CRC mortality
(n 22)

Continuous, per doubling
in concentration n Events HR‡ 95% CI

P value for
interaction n Events HR‡ 95% CI

P value for
interaction n Events HR‡ 95% CI

P value for
interaction

Antibiotics users§ 75 36 0·96 0·77, 1·20 0·40 75 27 0·90 0·70, 1·16 0·64 75 9 1·21 0·72, 2·03 0·53
None users|| 146 72 0·86 0·73, 1·01 146 59 0·84 0·70, 1·00 146 13 0·99 0·67, 1·47

Men (n 302)

All-cause mortality
(n 180)

CRC-specific mortality
(n 120)

Non-CRC mortality
(n 60)

Continuous, per doubling
in concentration

n Events HR‡ 95% CI P value for
interaction

n Events HR‡ 95% CI P value for
interaction

n Events HR‡ 95% CI P value for
interaction

Antibiotics users§ 63 32 1·10 0·87, 1·39 0·60 63 17 1·17 0·85, 1·62 0·54 63 15 1·01 0·70, 1·45 0·83
None users|| 239 148 1·03 0·92, 1·15 239 103 1·05 0·91, 1·20 239 45 0·96 0·78, 1·19

CRC, colorectal cancer.
* On a subset, those recruited from 1 January 1996 (n 523).
† HR and 95% CI were obtained by the Cox proportional hazards model.
‡ All analyses adjusted for age, smoking status (current, former, never), schooling (as measure of socio-economic status, ≤7, 8–10, ≥11 years), quantification of cigarette smoking, that is, pack-years, waist circumference (cm), alcohol

intake (abstainer yes/no, continuous intake), intake of processed meat (g/d) and frequency of bowel movements (≤4 times/week, 5–6 times/week, 1 time/d, ≥2 times/d).
§ Used antibiotics ≤12 months before blood sampling, that is, enterolactone measurement.
|| Did not take antibiotics ≤12 months before blood sampling, that is, enterolactone measurement.
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findings. The major strengths of the present study include the
prospective design and detailed diet and lifestyle information
(prediagnosis) and clinical data. The outcomes, all-cause and
cause-specific mortality, were based on register information. For
all-cause mortality, The Danish Civil Registration System is nearly
complete. For cause-specific mortality, where information is
derived from the Danish Register of Causes of Death(28), there is
risk of sticky-diagnosis bias (when deaths from an uncertain
cause likely are attributed to the previous cancer diagnosis), and
furthermore, lower validity is expected due the low autopsy rate
in Denmark (<10%)(28).
The exposure, enterolactone, was measured in plasma. The

objective nature of biomarkers as opposed to questionnaires is
a main advantage. However, biomarkers are also subject to
measurement errors, for example, due to the analytical method,
effects of storage and diurnal variation(36). The plasma samples
were prediagnosis and taken several years before diagnosis,
and thus may not reflect the time under study (from diagnose
and onwards). In a previous study in the same cohort, we found
moderate accordance between prediagnosis and diagnostic
measurement of enterolactone (Spearman’s correlation coeffi-
cient of 0·44)(37). Our hypothesis was that the long-term
enterolactone exposure is the relevant measure. In this
regard, it may be advantageous that the exposure is measured
before disease occurrence, because the disease progression
may affect, for example, the microbiota and thus the enter-
olactone concentration. For men, the unexpected direct asso-
ciation between enterolactone and all-cause mortality was
found only among those with 0–5 years between blood sam-
pling and diagnosis, suggesting the disease may have affected
the plasma enterolactone concentration. Another factor known
to affect the enterolactone concentration is antibiotics use. The

importance of the microbiota was also shown from our analyses
for women, where lignan intake was associated with entero-
lactone concentrations only among those that did not use anti-
biotics before blood sampling (enterolactone measurement),
and moreover, that the association between enterolactone and
all-cause mortality seemed most pronounced among those that
did not use antibiotics. For men, the findings of the associations
between lignans intake and enterolactone were not as expected,
there was no association among those that did not use antibiotics.
Furthermore, among those who did use antibiotics, lignan intakes
were associated with lower enterolactone. We have no obvious
biological explanation for this.

An advantage of present study is that the Danish Diet, Cancer
and Health cohort may be a suitable population for research in
plant lignans and enterolactone due to a large between-subject
variation in plant lignan intake and circulating concentration of
enterolactone compared to, for example, cohorts in the USA(38).
High quality information on outcomes and clinical information on
tumour characteristics and cancer treatment was available in the
present study, with the latter being rare in a cohort setting. The
clinical information on treatment was limited; however, cancer
stage and other disease characteristics may serve as proxies for
cancer treatment. Unfortunately, we had no data on ERα and ERβ
status, which would have enabled us to gain insights into the
possible differential associations with enterolactone depending
on the receptor status. We thoroughly considered potential con-
founders, and adjusted the analyses. However, by design, obser-
vational studies are prone to confounding, and thus residual
confounding cannot be ruled out. Lastly, one additional weakness
of studies on cancer survival is that if the exposure under study
also is associated with risk of the disease, then we may get a
selection into the case group. This would introduce a type of

Table 4. Analyses by tumour subsite and UICC stage of the association between prediagnosis enterolactone concentrations as continuous (per doubling)
and all-cause mortality – women and men diagnosed with colorectal cancer from the Diet, Cancer and Health cohort*
(Numbers, hazard ratios (HR) and 95% confidence intervals)

Women (n 416) Men (n 537)

Colorectal tumour subsite n Events
HR†

per doubling 95% CI P value for interaction n Events
HR†

per doubling 95% CI P value for interaction

Proximal colon cancer 124 59 0·84 0·74, 0·95 0·40‡ 122 65 1·09 0·96, 1·25 0·32‡
Distal colon cancer 124 58 0·90 0·81, 1·00 152 91 1·07 0·97, 1·17
Rectosigmoid junction 19 12 0·98 0·82, 1·16 29 23 1·17 1·02, 1·34
Rectum 128 66 0·98 0·85, 1·13 216 130 1·05 0·94, 1·17
Overlapping and unspecified 21 15 1·04 0·86, 1·26 18 16 1·69 1·37, 2·08

Women (n 264) Men (n 379)

UICC stage§ n Events
HR† per
doubling 95% CI P value for interaction n Events

HR† per
doubling 95% CI P value for interaction

Stage I 38 8 0·94 0·68, 1·29 0·0297 69 18 1·23 1·00, 1·52 0·0017
Stage II 81 17 0·81 0·65, 1·01 123 46 1·06 0·92, 1·23
Stage III 77 38 0·87 0·75, 1·00 105 64 0·98 0·87, 1·10
Stage IV 68 60 1·03 0·85, 1·25 82 78 1·10 0·95, 1·28

UICC, Union for International Cancer Control.
* HR and 95% CI were obtained by the Cox proportional hazards model, and HR are expressed as linear per doubling in enterolactone concentration.
† All analyses adjusted for age, smoking status (current, former, never), schooling (as measure of socio-economic status, ≤7, 8–10, ≥11 years), quantification of cigarette smoking,

that is, pack-years, waist circumference (cm), alcohol intake (abstainer yes/no, continuous intake), intake of processed meat (g/d) and frequency of bowel movements (≤4 times/
week, 5–6 times/week, 1 time/d, ≥2 times/d).

‡ Testing differential associations by tumour subsite, overlapping and unspecified not included in test.
§ UICC stage analyses only conducted on subset due to missing data: women n 264 of 416 (63%), men n 379 of 537 (71%).
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selection bias similar to the so-called obesity paradox(39). How-
ever, it may not be a major concern in the present study, because
no strong association between enterolactone concentrations and
colorectal cancer risk has been found in prospective studies(14).
We found enterolactone to be associated with lower all-cause

mortality and colorectal cancer-specific mortality among
women only. In a previous study based on the present cohort,
we have found prior antibiotics use to mostly affect entero-
lactone levels in women(16) and higher enterolactone levels to
be associated with lower risk of colorectal cancer among
women, but with a higher risk among men(15). Overall in other
cohort studies, no association between enterolactone and risk
of colorectal cancer has been found(14,40). To the best of our
knowledge, enterolactone and survival after colorectal cancer
has not previously been studied. Just one previous study
investigated dietary intakes of plant lignans in relation to sur-
vival after colorectal cancer and found no association and also
no indications of effect modification by sex(41). In the present
study, a higher colorectal cancer-specific mortality with higher
enterolactone levels among men was observed, which is in
contradiction to what we hypothesised. A higher risk was
observed in both the second and the fourth quartiles, as com-
pared with the first quartile. The characteristics for those with an
enterolactone concentration in the lowest quartile, differed, as
expected, by reported lower whole-grain intake (plant lignan
source), but also, in general, were of worse physical condition
(higher Charlson index) and had more unhealthy lifestyle.
Adjustment for potential confounders, for example, frequency
of bowel movements especially affected the estimates for men.
Thus, one could speculate that the analyses for men especially
may suffer from residual confounding.
In general, the evidence, although limited, points towards

enterolactone being of relevance especially in relation to women’s
health including hormone-related cancers(42,43). In the present
study, an association between high enterolactone concentrations
and lower colorectal cancer-specific mortality was found among
women only. Phyto-oestrogens have been shown to have higher
affinity for ERβ than ERα, and ERβ may inhibit cell growth(10), and
thus activation of ERβ may be related to improved survival among
colorectal cancer patients. A previous study investigated oestrogen
ERα and ERβ in normal colorectal mucosa and in colorectal
tumours in women and men(44). They found that for colorectal
tumours, the average expression of ERβ was higher for women
than for men. This may explain why enterolactone was observed
to have an inverse association with colorectal cancer-specific
mortality among women only. For colorectal cancer subsites, ERβ
is more expressed tumours located in the proximal (right-sided)
than the distal colon (left-sided). Proximal colon cancer is also the
colon cancer subsite found more frequent in women than in
men(45) (also seen in the present study cohort). In the analysis of
the associations for women between enterolactone and risk of
mortality endpoints by colorectal cancer subsite, the inverse
associations seemed to be most pronounced among those with
proximal tumours (right-sided). ERβ expression has been shown
to decline in parallel with cancer progression(46). This may explain
the interaction by UICC stage found for women with signs of an
inverse association between enterolactone and all-cause mortality
was found only among stages I, II and II (and not the advanced

stage IV). Interaction by UICC stage was also found for men, but
with an direct association found among extreme stages only
(UICC stages I and IV). The biological explanation for the finding
in men seems less obvious. Furthermore, it seems counter-
intuitive that enterolactone seems to be related to survival, but not
to incidence, since ERβ is especially expressed in healthy colonic
tissue. However, as mentioned, the biological action of ERβ may
be especially in relation to cell growth(10) and thereby both dis-
ease progression and initiation.

One of the largest sources of plant lignans in Denmark is
whole grains, and a previous study found whole grains to be
associated with lower mortality among patients with colorectal
cancers(7). In fact, the association found could possibly be
ascribed to whole grains as such, to the bulking properties
diluting potential toxic compounds(47), and the myriad of other
molecules deriving from whole grains(48) rather than to
enterolactone. As expected, adjustment for whole-grain intake
attenuated the association with enterolactone, but it remained
statistically significant in relation to colorectal cancer-specific
mortality among women. Due to the observational study
design, it is not straightforward to investigate whether entero-
lactone is solely a biomarker of a high whole-grain intake or
whether enterolactone is the biological compound responsible.

Main dietary sources of lignans include whole grains, which,
in general, have been related to improved survival among
persons diagnosed with colorectal cancer as well as among the
general population(7,49). However, more research in this area is
needed before a conclusion can be drawn and recommenda-
tions can be made for enterolactone and lignans. Specifically,
the observed sex difference, and the finding of a higher risk of
colorectal cancer-specific mortality among men found in the
present study warrants further investigation.

The present study supports that the phyto-oestrogen,
enterolactone, may play a role in colorectal cancer survivorship
among women.
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