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Age at menarche and risk of colorectal adenoma

Nam Hee Kim*, Jung Ho Park?, Dong Il Park?®, Chong Il Sohn? Kyuyong Choi* and Yoon Suk Jung®
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*Division of Gastroenterology,
Department of Internal Medicine,
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Sungkyunkwan University School of
Medicine, Seoul, Korea

Background/Aims: Limited data are available regarding the association between
age at menarche and the risk of colorectal adenoma. Therefore, we aimed to eval-
uate the relationship between reproductive factors including age at menarche and
the risk of colorectal adenoma.

Methods: A cross-sectional study was performed on asymptomatic female sub-
jects who underwent colonoscopy between 2010 and 2014 as part of a comprehen-
sive health screening program in Korea. The association between reproductive
factors including age at menarche and the presence of adenomas was assessed
using multivariate logistic regression analysis.

Results: Among 32,620 asymptomatic female subjects, the proportion of patients
with menarche at 10 to 11, 12 to 13, 14 to 15, 16 to 17, and 18 to 19 years of age was
4.1%, 31.7%, 45.4%, 14.9%, and 4.0%, respectively. Age at menarche was not signifi-
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95% confidence interval [CI], 0.97 to 1.02; p = 0.500) or advanced adenoma (AOR,
0.98; 95% CI, 0.91 to 1.04; p = 0.468) after adjusting for confounding factors. Age at

Correspondence to menarche was not significantly associated with the risk of adenoma even among
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similar age groups. In addition, parity, use of female hormones, and menopause
were not associated with the risk of adenoma.

Conclusions: Age at menarche, parity, use of female hormones, and menopause
were not significantly associated with the risk of colorectal adenoma. Our find-
ings indicate that reproductive factors including age at menarche do not affect
the development of colorectal adenoma.
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INTRODUCTION

Colorectal cancer (CRC) is the third most common can-
cer worldwide and its incidence is rapidly increasing in
Asian countries [1-5]. Overall, the incidence and mortal-
ity rates of CRC are about 30% to 40% higher in men
than in women and the median age at diagnosis is lower
in men than in women (69 years old vs. 73 years old, re-
spectively) [6]. Colorectal adenomas are the precursors
of CRC, and also occur more commonly in men than
in women [7,8]. The reasons for this discrepancy are not
completely understood, but could be due to sex-specif-
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ic differences in exposure to hormones [9,10]. Namely,
female hormones may play a protective role in colorec-
tal carcinogenesis, and indeed several researchers have
proven this hypothesis [11,12].

Age at menarche has been used as an indicator of
lifetime exposure to endogenous female hormones
through cyclic ovarian function, and also marks the ini-
tiation of hormone changes from childhood to adoles-
cence [13]. In addition, early menarche is associated with
a more rapid onset of ovulatory cycles and a tendency to
sustain higher levels of Tuteal phase estradiol [14]. There-
fore, early menarche is thought to be associated with a
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greater lifetime exposure to female hormones, while lat-
er menarche is associated with less exposure to female
hormones. Based on the potential ability of female hor-
mones to reduce colorectal carcinogenesis described in
previous experimental studies, we speculated that later
age at menarche is associated with an increased risk of
colorectal neoplasia (CRN).

To date, several studies have investigated the associ-
ation between age at menarche and CRC [15-19]. Some
studies have suggested inverse associations [15,16],
whereas others have shown positive or no significant
associations [17-19]. In other words, the epidemiological
evidence for a causal relationship between age at men-
arche and CRC risk has been inconsistent. Moreover,
little is known regarding the influence of reproductive
factors including age at menarche on the risk of colorec-
tal adenomas. Therefore, we aimed to evaluate the rela-
tionship between reproductive factors including age at
menarche and the risk of colorectal adenomas in a very
large sample of asymptomatic female patients.

METHODS

Study population
We retrospectively analyzed data obtained from a pro-
spectively established cohort. The present study popu-
lation consisted of asymptomatic female subjects aged =
30 years old who had undergone a colonoscopy as part of’
a comprehensive health screening program at Kangbuk
Samsung Hospital, Seoul and Suwon, Korea, between
2010 and 2014 (n = 53,029). The purpose of the screen-
ing program was to promote health through a regular
checkup and to improve early detection of existing dis-
eases. In Korea, the Industrial Safety and Health Law
requires employees to participate in annual or biennial
health examinations. Approximately 80% of the partic-
ipants were employees of various companies and local
governmental organizations and their spouses, with
the remaining participants registering individually for
the program. Before colonoscopy, interviews by general
practitioners were conducted to ensure that all partici-
pants were asymptomatic (i.e., no lower abdominal pain
or hematochezia). Participants with intestinal symp-
toms were urged to seek medical care.

For this analysis, the exclusion criteria were as follows:
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53,029 Female participants aged = 30 years old who underwent a
colonoscopy for health checkup at Kangbuk Samsung Hospital from
2010 to 2014

2,964 Exclusion

| Repeated data of participants who underwent
more than 2 colonoscopies

\
| 50,065 Potential participants

229 Exclusion
| 136 A history of colorectal cancer or colorectal surgery
93 A history of inflammatory bowel disease

\
| 49,836 Potential participants

17,185 Exclusion
5,948 Poor bowel preparation
79 Lack of an adequate biopsy
11,158 Missing data on menarche age

\
| 32,651 Potential participants |

31 Exclusion

Diagnosed as colorectal cancer during this study

Y
| 32,620 Eligible subjects |

Figure 1. Flow diagram illustrating the selection of study
subjects.

repeated data of subjects who underwent more than two
colonoscopies (n = 2,964), a history of CRC or colorectal
surgery (n = 136), a history of inflammatory bowel dis-
ease (n = 93), poor bowel preparation (n = 5,948), lack of
an adequate biopsy (n = 79), missing data on age at men-
arche (n = 11,158), and diagnosis of CRC during the study
(n = 31). A total of 32,620 eligible subjects were enrolled
in the final analysis (Fig. 1).

This study was approved by the Institutional Review
Board of Kangbuk Samsung Hospital (IRB number:
2016-04-002, approved on 2016-04-11). The requirement
for informed consent was waived because only de-iden-
tified data were retrospectively accessed.

Measurements and definitions

Data on reproductive factors were collected through
a standardized, self-administered questionnaire that
asked about the regularity and frequency of menstru-
al periods, menopausal status, and use of female hor-
mones including oral contraceptives and hormone re-
placement therapy. Age at menarche was defined as the
age at the first menstrual period (in years). The question
asked was “At what age did your menstrual periods be-

www.Kjim.org 999


www.kjim.org

KJIM™

gin (please state the age in full)?” and response catego-
ries were “10 or younger, 11, 12, 13, 14, 15, 16, 17, 18, 19,
and 20 or older.” Parity was derived from the number of
reported live births and stillbirths.

Data on medical history and health-related behaviors
were also collected through a standardized, self-admin-
istered questionnaire, and physical measurements such
as height and weight were performed by a trained staff
member. Smoking status was categorized as never, for-
merly, or currently, and family history was defined as
CRC in one or more first-degree relatives at any age.
Self-reported use of nonsteroidal anti-inflammatory
drugs (NSAIDs) (regular use over the previous month)
was also assessed.

Hypertension was defined as a systolic blood pressure
= 140 mmHg, diastolic blood pressure = go mmHg, or
current use of antihypertensive medication. Diabetes
mellitus was defined as a fasting blood glucose = 126 mg/
dL, hemoglobin Aic = 6.5%, or current use of insulin or
antidiabetic medications. Obesity was defined as body
mass index (BMI) = 25 kg/m?, which is the proposed cut-
off for the diagnosis of obesity in Asians [20]. BMI was
calculated by dividing the measured weight (kg) by the
square of the height (m?).

The presence or absence of fatty liver was examined
through abdominal ultrasonography (US). A diagnosis
of fatty liver was made on the basis of four known cri-
teria: hepatorenal echogenic contrast, liver brightness,
deep attenuation, and vascular blurring [21]. Abdominal
US was performed using a 3.5-MHz transducer (Logiq
9, General Electric, Madison, WI, USA) by experienced
radiologists who were unaware of the study aims and
blinded to clinical information.

Colonoscopy and histologic examination

All colonoscopies were performed by experienced
board-certified endoscopists, using an EVIS Lucera CV-
260 colonoscope (Olympus Medical Systems, Tokyo, Ja-
pan). All participants drank 4 L of polyethylene glycol
solution for bowel preparation.

All detected polypoid lesions were biopsied or re-
moved and histologically assessed by experienced pa-
thologists. Polyps were classified by number, size, and
histologic characteristics. Pathologic results of hyper-
plastic polyps, inflammatory polyps, or lipomas were
considered normal findings. Advanced adenoma was
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defined as the presence of one of the following features:
> 10 mm diameter, tubulovillous or villous structure,
and high-grade dysplasia (HGD) [22]. A high-risk ade-
noma was defined as an advanced adenoma or 3 or more
adenomas [22)].

Statistical analysis

Data were expressed as mean =+ standard deviation or fre-
quency (%). Age at menarche was categorized into the
following groups: 10 to 11, 12 to 13, 14 to 15, 16 to 17, and
18 to 19 years old. Baseline characteristics according to
age at menarche were evaluated using linear-by-linear
association tests for categorical variables and by one-way
analysis of variance for continuous variables.

A multivariate logistic regression analysis was per-
formed to determine the association of any adenoma
and advanced adenoma with reproductive factors in-
cluding age at menarche. We estimated the adjusted
odds ratio (AOR) with 95% confidence intervals (CIs) for
the association of reproductive factors with the risks of
any adenoma and advanced adenoma after adjusting
for potential confounding variables, including age at
menarche, parity, use of female hormones, menopause,
smoking status, family history of CRC, history of colon
polyp, NSAID use, obesity, fatty liver, hypertension, dia-
betes, and age. All of the reported p values are two-tailed,
and p values < 0.05 were considered to be statistically sig-
nificant. SPSS version 21 (IBM Co., Armonk, NY, USA)
was used for statistical analyses.

RESULTS

Baseline characteristics of the study population

A total of 32,620 female subjects were eligible for the
analysis (Fig. 1). The proportion of women with men-
arche at 10 to 11, 12 to 13, 14 to 15, 16 to 17, and 18 to
19 years of age was 4.1%, 31.7%, 45.4%, 14.9%, and 4.0%,
respectively. Baseline characteristics of the participants
stratified by age at menarche are summarized in Table
1. The mean age of the study population was 43.0 years
old, and the proportion of participants aged 30 to 39, 40
to 49, and = 50 years old was 42.1%, 35.1%, and 22.8%, re-
spectively. Subjects with a younger age at menarche were
more likely to be younger, and subjects with an older
age at menarche were more likely to be older at base-
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Table 2. Colorectal lesions of study participants according to age at menarche

Total

Age at menarche, yr

Variable (2 =32,620) 10-11 1213 14-15 16-17 18-19 ptrend
(n=1320) (n=10356) (n=14794) (n=4,847) (n=1,204)

Any adenoma 3,643 (11.2) 95(7.1) 930 (9.0) 1,641 (11.1) 717 (14.8) 260(20.1)  <o0.001
LGD 3,548 (10.9) 94(7.1) 906 (8.7 5592 (10.8) 701 (14.5) 255(19.7)  <o.001
HGD 27 (0.1) o 8(o.1 13 (0.1) 4(0.1) 2(0.2) 0.307
TVA or VA 22.(0.1) o 4 (o. 11 (0.1) 5(0.1) 2(0.2) 0.032
Size = 10 mm 436 (13 10 (0.8) 116 (1.1 188 (1.3) 93 (1.9) 29 (2.2) <0.001
3 or more adenomas 161 (0.5) 3(0.2) 27 (o. 58 (0.4) 49 (1.0) 24 (1.9) <0.001
Serrated adenoma 78 (0.2) 2(0.2) 21 (o. 39(023) 11 (0.2) 5(0.4) 0.224

Advanced adenoma 445 (1.4) 10 (0.8) 117 (1.1 195 (1.3) 94 (1.9) 29 (2.2) <0.001

High-risk adenoma 547 (1.7) 12.(0.9) 134 (1.3) 232 (1.6) 24 (2.6) 45(3.5) <0.001

Location of adenoma
Proximal 1,774 (5.4) 34(2.6 408 (3.9 782 (5.3) 387 (8.0) 163 (12.6) <0.001
Distal 2,223 (6.8) 65(4-9 602 (5.8) 992 (6.7) 417 (8.6) 147 (11.4) <0.001

Values are presented as number (%).

LGD, low-grade dysplasia; HGD, high-grade dysplasia; TVA, tubulovillous adenoma; VA, villous adenoma.

line. The prevalence of parity, use of female hormones,
and menopause was 88.7%, 2.3%, and 22.6%, respective-
ly, and the proportions of participants with these char-
acteristics increased in a linear manner with increasing
age at menarche. Among participants with parity, the
proportion of participants who had given birth more
than three times increased in a linear manner with in-
creasing age at menarche, whereas the proportion of
participants who had given birth only once decreased
in a linear manner with increasing age at menarche.
The prevalence of history of colon polyp, use of NSAIDs,
obesity, fatty liver, hypertension, and diabetes mellitus
was positively associated with age at menarche, where-
as the prevalence of smoking and family history of CRC
was inversely associated with age at menarche.

Colonoscopic and histologic findings according to
age at menarche

The colonoscopic and histologic findings of the study
population according to age at menarche are present-
ed in Table 2. Among the 32,620 female subjects, 3,643
(11.2%) had any adenomas and 445 (1.4%) had advanced
adenomas. The prevalence of any adenoma, low-grade
dysplasia, adenoma with villous component, adenoma
larger than 10 mm, advanced adenoma, 3 or more ad-
enomas, and high-risk adenoma increased significant-
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ly in a linear manner with increasing age at menarche.
In addition, both the prevalence of proximal and dis-
tal colorectal adenoma increased significantly in a lin-
ear manner with increasing age at menarche. However,
there was no significant difference in the prevalence of
adenomas with HGD and serrated adenomas according
to categories of age at menarche.

Risks of colorectal neoplasia according to age at
menarche

Table 3 shows the association between reproductive fac-
tors including age at menarche and risk of any adeno-
ma. In the univariate analyses, the risk for any adenoma
was significantly increased in subjects with increasing
age at menarche (odds ratio [OR], 1.17; 95% CI, 1.14 to 1.19;
p < 0.001). Subjects who were parous (OR, 1.67; 95% CI,
1.47 to 1.91; p < 0.001), used female hormones (OR, 1.34;
95% CI, 1.09 to 1.65; p = 0.006), were menopausal (OR,
2.83; 95% CI, 2.64 t0 3.04; p < 0.001), had a family histo-
ry of CRC (OR, 1.20; 95% CI, 1.03 to 1.40; p = 0.018), had
a history of colon polyp (OR, 1.53; 95% CI, 134 to 1.76;
p < 0.001), were obese (OR, 1.68; 95% CI, 1.54 to 1.82; p
< 0.001), had fatty liver (OR, 1.81; 95% CI, 1.67 to 1.97; p
<o.001), had hypertension (OR, 2.37; 95% CI, 2.16 to 2.62;
p < 0.001), had diabetes (OR, 1.98; 95% CI, 1.70 to 2.31;
p < o.001), or were older (OR, 1.06; 95% CI, 1.06 to 1.07;

https://doi.org/10.3904/kjim.2017.120


www.kjim.org

|
Kim NH, et al. Age at menarche and adenoma KJ I MQ\

Table 3. Logistic regression analysis of risk factors for any adenoma

. Univariate analysis Multivariate analysis

Variable

Crude OR (95% CI) p value AOR (95% CI) pvalue
Age at menarche, yr 1.17 (1.14-1.19) <o0.001 0.99 (0.97-1.02) 0.500
Parity =1 1.67 (1.47-1.91) <0.001 1.01 (0.87-1.17) 0.894
Use of female hormones 134 (1.09-1.65) 0.006 1.07 (0.83-1.37) 0.605
Menopause 2.83 (2.64-3.04) < 0.001 0.98 (0.85-1.13) 0.730
Current or ex-smoker 1.07 (0.91-1.26) 0.422 1.25 (1.06-1.48) 0.010
Family history of CRC 1.20 (1.03-1.40) 0.018 1.12 (0.94-1.35) 0.209
History of colon polyp 1.53 (1.34-1.76) <o0.001 1.08 (0.92-1.28) 0.336
Use of NSAIDs 0.94 (0.79-1.12) 0.474 0.88 (0.72-1.08) 0.220
Obesity (= 25 kg/m?) 1.68 (1.54-1.82) <0.001 1.22 (1.09-1.306) <0.001
Fatty liver 1.81 (1.67-1.97) < 0.001 1.17 (1.05-1.31) 0.005
Hypertension 2.37(2.16-2.62) <0.001 1.05 (0.92-1.20) 0.4065
Diabetes 1.98 (1.70—2.31) < 0.001 0.86 (0.70-1.05) 0.128
Age, yr 1.06 (1.06-1.07) <0.001 1.06 (1.06-1.07) <0.001

Multivariate analysis was adjusted for age at menarche, parity, use of female hormones, menopause, smoking status, family
history of CRC, history of colon polyp, NSAIDs use, obesity, fatty liver, hypertension, diabetes, and age.

OR, odds ratio; CI, confidence interval; AOR, adjusted odds ratio; CRC, colorectal cancer; NSAID, nonsteroidal anti-inflamma-
tory drug.

Table 4. Logistic regression analysis of risk factors for advanced adenoma

) Univariate analysis Multivariate analysis

Variable

Crude OR (95% CI) pvalue AOR (95% CI) pvalue
Age at menarche, yr 1.15 (1.09-1.21) <0.001 0.98 (0.91-1.04) 0.468
Parity =1 1.81 (1.23—2.66) 0.002 1.03 (0.69-1.55) 0.875
Use of female hormones 0.89 (0.46-1.72) 0.723 0.38 (0.14-1.03) 0.057
Menopause 2.74 (2.27-3.31) < 0.001 1.20 (0.83-1.75) 0.334
Current or ex-smoker 0.96 (0.61~-1.51) 0.858 1.17 (0.74-1.84) 0.511
Family history of CRC 1.31 (0.88-1.93) 0.182 1.22 (0.77-1.93) 0388
History of colon polyp 0.96 (0.62-1.50) 0.862 0.73 (0.45-1.19) 0.203
Use of NSAIDs 1.40 (0.95—2.08) 0.092 1.47 (0.96-2.27) 0.077
Obesity (= 25 kg/m?) 1.40 (1.11-1.76) 0.004 1.02 (0.76-1.37) 0.921
Fatty liver 1.52 (1.21-1.90) <0.001 0.95 (0.70-1.28) 0.716
Hypertension 2.02 (1.57-2.61) <0.001 0.91 (0.64-1.27) 0.567
Diabetes 1.94 (1.32—2.80) 0.001 1.09 (0.68-1.76) 0.719
Age, yr 1.06 (1.05-1.07) <0.001 1.06 (1.04-1.08) <0.001

Multivariate analysis was adjusted for age at menarche, parity, use of female hormones, menopause, smoking status, family
history of CRC, history of colon polyp, NSAIDs use, obesity, fatty liver, hypertension, diabetes, and age.

OR, odds ratio; CI, confidence interval; AOR, adjusted odds ratio; CRC, colorectal cancer; NSAID, nonsteroidal anti-inflamma-
tory drug.

p <o.001) had a higher risk for any adenoma. However, hormones, menopause, smoking status, family history
in the multivariate analyses adjusted for confounding of CRC, history of colon polyp, NSAID use, obesity, fat-
factors including age at menarche, parity, use of female ty liver, hypertension, diabetes, and age, the significant
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Table 5. Risk of colorectal adenoma according to the age at menarche among similar age groups

Any adenoma

Advanced adenoma

Participants’ age groups, yr

AOR (95% CI) pvalue AOR (95% CI) pvalue
30-34 1.01 (0.93-1.99) 0.816 0.98 (0.78-1.24) 0.880
35-39 0.94 (0.88-1.00) 0.052 1.04 (0.88-1.21) 0.672
40—44 0.97 (0.92-1.04) 0.403 0.89 (0.75-1.07) 0.231
45—-49 1.06 (0.99-1.14) 0.098 1.11 (0.90-1.36) 0.327
50-54 1.10 (0.95-1.09) 0.688 1.02 (0.85-1.24) 0.810
=55 1.03 (0.98-1.08) 0.201 0.94 (0.85-1.05) 0.301

Adjusted for parity, use of female hormones, menopause, smoking status, family history of colorectal cancer, history of colon
polyp, nonsteroidal anti-inflammatory drugs use, obesity, fatty liver, hypertension, diabetes, and age.

AOR, adjusted odds ratio; CI, confidence interval.

positive correlation between age at menarche and any
adenoma disappeared (AOR, 0.99; 95% CI, 0.97 to 1.02;
p = 0500). In addition, parity, use of female hormones,
and menopause were not significantly associated with
risk of any adenoma after adjusting for confounding
factors.

As with the risk for any adenoma, the risk for advanced
adenoma significantly increased in subjects with older
age at menarche in the univariate analyses (OR, 1.15; 95%
CI, 1.09 to 1.21; p < 0.001). In addition, subjects who were
parous, menopausal, obese, and older and subjects with
fatty liver, hypertension, and diabetes had a significant-
ly higher risk for advanced adenoma in the univariate
analyses. However, the positive correlation between age
at menarche and risk of advanced adenoma disappeared
after adjusting for confounding factors (AOR, 0.98; 95%
CIL, 0.91 to 1.04; p = 0.468). Parity, use of female hor-
mones, and menopause were also not associated with an
increased risk of advanced adenomas in the multivariate
analyses (Table 4).

Table 5 shows the risk of colorectal adenoma accord-
ing to the age at menarche among similar age groups
(30 to 34, 35 to 39, 40 to 44, 45 to 49, 50 to 54, and = 55
years) after adjusting for confounding factors. Age at
menarche was not significantly associated with the risk
of'any adenoma and advanced adenoma, even in similar
age groups.

We further analyzed the association between repro-
ductive factors and risk of colorectal adenoma accord-
ing to location. Reproductive factors including age at
menarche were not significantly associated with risk of
either proximal or distal adenoma in the multivariate
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analyses (data are not shown).

DISCUSSION

This large-scale study included 32,620 asymptomatic fe-
male subjects and investigated the association between
age at menarche and risk of colorectal adenomas. We
found that the prevalence of any adenoma and advanced
adenoma increased with increasing age at menarche in
univariate analysis. However, the positive association
disappeared after adjusting for possible confounding
factors. In other words, there was no significant associ-
ation between age at menarche and risk of both any and
advanced adenoma. In addition, age at menarche was
not significantly associated with the risk of adenoma,
even among similar age groups. Other reproductive fac-
tors such as parity, use of female hormones, and meno-
pausal status were also not associated with the risk of
adenoma in multivariate analysis.

Colorectal adenomas as well as CRC occur more fre-
quently in men than in women [6-8]. We speculated that
one reason for this may be that female hormones play a
protective role in colorectal carcinogenesis. The exact bi-
ologic mechanisms for the relationship between female
hormones and the risk of CRN are not fully understood,
but several experimental studies support our hypothesis
and have provided evidence for a protective effect of fe-
male hormones on CRC development through a variety
of mechanisms. First, it has been proposed that female
hormones directly regulate cell growth in the colonic
epithelium and inhibit cell proliferation of colorectal
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tumors by binding to the estrogen receptor [11,12,23).
Second, researchers have identified estrogen receptor
genes that can act as tumor suppressors in the presence
of exogenous estrogen [12,24]. Third, female hormones
may act indirectly to decrease secondary bile acid levels
and downregulate insulin-like growth factor-1, a hor-
mone that has been implicated in CRC pathogenesis
[11,24].

Age at menarche has been used as a surrogate marker
for the duration and amount of endogenous female hor-
mone exposure in a woman's lifetime [25,26]. Consider-
ing the protective role of female hormones on colorectal
carcinogenesis described in previous studies, we would
expect that women with late menarche, and thus less ex-
posure to female hormones, have an increased risk of
developing CRN [11,12]. In addition, there may be oth-
er reproductive factors that act to modify the process of
carcinogenesis in the colon and affect the development
of CRN.

To date, many studies have evaluated the association
between reproductive factors including age at menarche
and the risk of CRC [15-19]. Although the results have
not been consistent, there has been some suggestion
that age at menarche might be related to the risk of CRC
[15,16]. Additionally, meta-analyses have demonstrated
that oral contraceptive use and hormone replacement
therapy may reduce the risk of CRC [27,28].

Based on previous studies on CRC, reproductive fac-
tors including age at menarche may play a role in the
pathophysiologic processes associated with the devel-
opment of colorectal adenomas. However, while many
studies have investigated CRC risk, few have attempted
to explore this relationship for colorectal adenoma risk,
and thus little is known about the influence of repro-
ductive factors on the development of colorectal adeno-
mas [29-31]. To date, only a few studies have investigated
the relationship between reproductive factors and col-
orectal adenomas, and these have yielded conflicting
results. One study from a large prospective cohort re-
ported no significant association between age at men-
arche, menopausal status, or oral contraceptive use and
distal colorectal adenomas, whereas women with higher
parity had an increased risk of distal colorectal adeno-
mas [29]. However, the study did not evaluate cases with
adenomas in the proximal colon [29]. A case-control
study that included 347 subjects also showed a lack of
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association between age at menarche and colorectal ade-
noma risk [30]. The authors reported that parity and oral
contraceptive use was not associated with adenoma risk,
whereas increasing age at menopause and non-contra-
ceptive hormone use were associated with a reduced risk
of adenomas [30]. In contrast to the studies described
above, another case-control study consisting of 411 sub-
jects revealed that women with early menarche before
age 13 years old had lower risk for adenomas, compared
to those with late menarche, while parity, oral contra-
ceptives and non-contraceptive hormone use were not
associated with risk of adenomas [31]. However, the
aforementioned case-control studies had a small num-
ber of study participants and thus provided insufficient
evidence from which to draw definite conclusions about
this issue.

Contrary to our expectations, age at menarche did
not influence the risk of either any or advanced adeno-
ma development. Other reproductive factors including
parity, use of female hormones, and menopausal status
were also not associated with the risk of adenomas. Our
results suggest that reproductive factors including age at
menarche may not affect the development of colorectal
adenomas. Our findings seem to be in line with those
of a recent meta-analysis of 11 case-control and 11 co-
hort studies that explored the association between age
at menarche and CRC risk, and found no association
between the two variables [13]. Nevertheless, it would be
premature to conclude that female hormones have no
protective effect on the development of CRN based on
the results of the reproductive factors analyzed in this
study. It is possible that other factors related to female
hormone levels may influence CRN risk. The effect of
sex differences on the prevalence of CRN remains unre-
solved and further studies are needed to elucidate this
issue.

Interestingly, in multivariate analysis adjusted for
confounding factors, a significant correlation between
current or ex-smoker status and colorectal adenoma was
observed despite the absence of significance in univari-
ate analysis. In sensitivity analysis, current or ex-smoker
status became a significant risk factor for colorectal ad-
enoma when age was adjusted. These results mean that
smoking status was influenced by age and thus, when
age was adjusted, the significant association between
current or ex-smoker and colorectal adenoma appeared.
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Our study included a large number of asymptomatic
female subjects who underwent complete colonoscopy,
and thus may show more reliable results than previous
studies. Nevertheless, there are several limitations to the
present study. First, this was a retrospective study with
a corresponding potential bias in design. However, we
think that there was minimal selection bias, because
our cohort was established prospectively. Second, our
study was hospital-based rather than population-based
and our cohort was recruited at two medical examina-
tion centers in Korea. Therefore, interpretation of our
findings requires careful consideration, because the
extent to which our findings are generalizable to popu-
lations with different sociodemographic characteristics
and ethnicities is unclear. Third, we did not investigate
the duration between menarche and menopause, which
may be a more reliable indicator of the degree of expo-
sure to female hormones. However, in our study, a large
proportion of study participants were premenopausal
women aged < 50 years old and the proportion of post-
menopausal women was only 22.6%. It may be inappro-
priate to conclude that among premenopausal women,
the duration of exposure to female hormones is the du-
ration between age at menarche and current age. Fourth,
we did not investigate the duration of oral contraceptive
use, hormone replacement therapy, and breast feed-
ing, which may be important factors for determining
the degree of exposure to female hormones. Fifth, the
great majority of study participants were younger than
50 years old and the proportion of subjects aged 30 to 39
was not low (42%). Therefore, there may be some limita-
tion with respect to evaluating reproductive factors such
as parity and use of female hormones. Finally, the cur-
rent study included patients with previous colonoscopy
or history of colon polyp. This may affect the association
between age at menarche and risk of colorectal adeno-
mas, although a history of colon polyp was adjusted as a
confounding factor in multivariate analysis.

In conclusion, age at menarche was not significantly
associated with the risk of colorectal adenomas. In ad-
dition, parity, use of exogenous female hormones, and
menopausal status were not associated with the risk of
colorectal adenomas. Our results suggest that reproduc-
tive factors including age at menarche may not affect the
development of colorectal adenomas.
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KEY MESSAGE

1. There was no significant association between
age at menarche and risk of any or advanced ade-
noma.

2. Age at menarche was not significantly associated
with the risk of adenoma, even among similar age
groups.

3. Other reproductive factors such as parity, use of
female hormones, and menopausal status were
also not associated with the risk of any or advanced
adenoma.
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