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Abstract

Objectives: Though menstrual and reproductive factors have been associated with the risk of breast cancer in many
populations, very few studies have been conducted among Vietnamese women. This study aimed to assess the association
between menstrual and reproductive factors and the risk of breast cancer in Vietnamese women.

Methods: A retrospective case-control study of 490 breast cancer cases and 468 controls was conducted in Northern
Vietnam. Unconditional logistic regression models adjusting for confounders were used to estimate odds ratios (ORs) and their
95% confidence intervals (Cls) for the associations of menstrual and reproductive factors with the risk of breast cancer; overall
and by cancer subtype.

Results: Among breast cancer patients, the luminal B subtype was the most frequent (48.6%), followed by HER2-
overexpressing (24.5%), luminal A (16.7%), and triple-negative breast cancer (TNBC; 10.2%). Among menopausal women,
menopausal age at 50 years or older (OR = 1.71, 95% ClI: 1.15-2.57 vs. <50 y) was associated with an increased risk of breast
cancer. Earlier age at menarche (<13 y) was associated with a significantly increased risk of breast cancer (OR = 2.66, 95% CI:
1.08-7.51) among premenopausal women only and the luminal A subtype of breast cancer (OR = 3.06, 95% CI: 1.04-8.16).
Having more than two children was associated with a reduced risk of premenopausal (OR = .42, 95%Cl: .21-.83), luminal B (OR
= .43, 95% Cl: .24-.79), and TNBC (OR = .34, 95% Cl: .1 4-.89). Later menopause was positively associated with the risk of breast
cancer with HER2 overexpression (OR = 2.19, 95% ClI: 1.14-4.23).

Conclusion: Associations of menstrual and reproductive factors with breast cancer among Vietnamese women, particularly
for among premenopausal women and for the luminal A subtype, are generally consistent with those reported from other
countries. These findings suggest that changes in menstrual and reproductive patterns among young Viethamese women may
contribute to the recent rising incidence of breast cancer in Vietnam.
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Introduction

Breast cancer is the most common cancer and the leading
cause of death for women worldwide. The GLOBOCAN
reported that there were 2.2 million new cases of breast
cancer worldwide in 2020, accounting for a quarter of
cancer cases among women.' In Vietnam, the incidence
rate for breast cancer was 34.2 per 100 000 women, making
it the most common cancer for women (25.8% of all
cancers) and the fourth leading cause of cancer death
overall, following lung cancer, liver cancer, and stomach
cancer.’

In the past few decades, breast cancer incidence rates
have increased in developing countries, including Vietnam.
Rising rates coincide with changes in lifestyle, population
characteristics, and menstrual and reproductive patterns in
these countries.' These changes include factors such as an
increase of physical inactivity, obesity, dietary fat intake,
alcohol consumption, early onset of menarche, late onset of
menopause, nulliparity, late age at first birth, a decreased
number of childbirths, and no or shortened duration of
breastfeeding.*

Prior studies have consistently shown that prolonged
endogenous and exogenous estrogen exposure increases the
risk of breast cancer.* A meta-analysis of 117 studies in
2012 reported the associations between age at primiparity,
parity, and at menopause with the risk of breast cancer.’
Fewer parities and advanced age at first birth both increased
the risk of ER+/PR+ cancer, but they were not associated
with the risk of ER-/PR-cancer in most prospective studies.®
A meta-analysis evaluated 15 studies, with 21 941 breast
cancer patients and 864 177 controls, that investigated the
impact of reproductive behaviors according to intrinsic
subtype.” Parity and breastfeeding were associated with a
reduced risk of developing luminal subtype, while later age
at first birth was related to an increased risk of developing
luminal subtype.” Breastfeeding was associated with a
reduced risk of developing triple-negative breast cancer
(TNBC) subtype.” Research on other reproductive factors,
such as spontaneous abortion (SA) or induced abortion
(IA), with breast cancer risk has yielded inconsistent
findings. A 2015 meta-analysis of 15 prospective studies
revealed non-significant associations of breast cancer with
SA and IA.® These subtypes (luminal A, luminal B, HER2+,
and TNBC) differ in age at diagnosis and prognosis. In
addition, they may also differ etiologically and have dif-
ferent in risk factors.’

Vietnamese women are experiencing significant changes in
lifestyle and reproductive patterns. However, little is known
about how these changes affect breast cancer risk. To our

knowledge, only two small-scale studies on breast cancer have
been conducted in Vietnam and the results were
inconsistent.'”'!" Herein, we report results from a large case-
control study, the Vietnamese Breast Cancer Study (VBCS),
focusing on the associations between menstrual and repro-
ductive factors with breast cancer risk among Vietnamese
women.

Methods
Study Population

We recruited newly diagnosed breast cancer patients
(clinical diagnosis) aged 21 to 79 from inpatient surgical
and chemotherapy units and outpatient units of the Vietnam
National Cancer Hospital and the Hanoi Oncology Hos-
pital. These are the two largest oncology hospitals in
Northern Vietnam. Breast cancer patients with a prior
history of cancer were not eligible for the study. Controls
were selected from healthy relatives, neighbors, or friends
of breast cancer patients (n = 64), or healthy women who
were taking care of other cancer patients at these two
hospitals (n =402), and frequency was matched to cases on
age (+3 years) and residence (urban/rural). Controls were
recruited at approximately the same time as case recrui-
ment. Women who had a history of cancer diagnosis were
excluded from this study. Details of design and methods for
the VBCS have been described previously.'?

A total of 501 newly diagnosed breast cancer patients
and 468 controls were included in this study from July
2017 to June 2018 in Hanoi, Vietnam (response rates of
93.1% and 97.7% for cases and controls, respectively). We
excluded case participants who were subsequently con-
firmed to have a benign tumor based on a pathological
review (n = 9) or who were diagnosed at stage 0 (n = 2).
Finally, 490 cases and 468 controls remained in the current
study. Our study initially applied an age frequency matched
design. However, during data collection, it was adapted to
the individual matching study, in which cases and controls
were individually matched to cases on age (+3 years), city,
and province of residency. Thus, out of 490 cases and 468
controls, there are 374 individually matched case-control
pairs. All patient information was de-identified. The pro-
tocol of this study was approved by the Vietnam National
Cancer Institute (No.160530 — IRB approval issued May
30, 2016) and Vanderbilt University Medical Center
(No.161039 “Vietnam Center of Research Excellence (V-
CORE) - IRB approval issued May 31, 2018”). All patients
provided written informed consent prior to enrollment in
the study.
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Assessment of Menstrual and
Reproductive Characteristics

Information on menstrual and reproductive characteristics,
demographics, lifestyle factors, medical history, and fa-
milial cancer history was collected through in-person in-
terviews using a structured questionnaire built within the
Research Electronic Data Capture (REDCap) mobile ap-
plication."® In addition, anthropometrics, weight, height,
waist, and hip circumferences were taken by trained in-
terviewers following a standard protocol, from which body
mass index (BMI) was calculated as weight (kg)/[height
(m)].> Data collected for the current study included age,
marital status, residency (urban, rural), age at first men-
arche, age at menopause, menstrual cycle regularity and
duration, parity, age at first live birth, age at last live birth,
number of pregnancies and abortions, and total months of
breastfeeding in a lifetime. Additionally, p postmenopausal
status was defined as cease of menstruation naturally (i.e.,
excluding those brought on by pregnancy, surgery, or other
treatments) for at least 12 months.

Menstrual and reproductive factors and covariates were
categorized as follows in the study: age at menarche (<13
vs. >13 years, similar to publications from other Asian
countries'*'%), menopausal status (premenopausal vs.
postmenopausal), age at menopause (<50 vs. >50 years),
regularity of menstrual cycle (i.e., regular, irregular,
sometimes irregular), length of the menstrual cycle
(<26 days, 26-30 days, >30 days), number of pregnancies
(0, 1, 2, 3, >4), parity (ever vs. never), number of livebirth
(1, 2, >3), age at first live birth (<25, 25-29, 30-34,
>35 years), abortion (never, induced only, miscarriage only,
both induced and miscarriage), breastfeeding (ever vs.
never), breastfeeding duration (<12, 12-23, >24 months),
and family history of breast cancer (no vs. yes). Body mass
index (BMI) was categorized using the World Health Or-
ganization’s classification for Asian populations: under-
weight (BMI < 18.5 kg/m?), normal/healthy weight (BMI
ranges from 18.5 to 22.9 kg/m?), overweight (BMI ranges
from 23 to 27.5 kg/m?) and obese (BMI > 27.5 kg/m?).
Economic status was defined by annual family income (i.e.,
<50 million, 50-100 million, 100-150 million, 150-200
million, >200 million)."®

Data on ER/PR status and HER-2 expression was col-
lected by reviewing medical charts from the Vietnam Na-
tional Cancer Hospital and the Hanoi Oncology Hospital.
ER and PR status, HER-2 expression, and Ki67 status were
assessed by immunohistochemistry (IHC). Intrinsic tumor
subtypes were classified as luminal A (ER-positive and/or
PR-positive, HER-2 negative, and low Ki-67), luminal B
(ER-positive and/or PR-positive, and HER-2 positive or
HER-2 negative with high Ki-67), HER-2 overexpressing
(ER-negative and PR negative, and HER-2 positive; HER
2+), and triple-negative (ER, PR, and HER-2 negative;
TNBCO).

Statistical Analysis

Differences in frequency distribution of categorical variables
were evaluated by Pearson chi-square, while the Student #-test
was performed to compare mean values of continuous vari-
ables between cases and controls. Unconditional logistic re-
gression models were used to estimate odds ratios (ORs) and
their respective 95% confidence intervals (Cls) for associa-
tions of breast cancer risk with menstrual and reproductive
characteristics. The differences in ORs between the two
groups, pre- and post-menopausal, was tested using Likeli-
hood ratio tests. The multivariable logistic regression model
was adjusted for potential confounders based on the literature.
Tests for trends across categories were performed by assigning
the median value for each category. Multivariable multinomial
logistic regression was also performed to evaluate whether the
observed risk estimates varied across molecular subtypes of
breast cancer. We used likelihood ratio tests to evaluate
heterogeneity across molecular subtypes. All analyses were
performed using R version 4.1.0. A two-sided P-value of less
than .05 was considered statistically significant.

The reporting of this study conforms to STROBE
guidelines.'’

Results

The distribution of participant characteristics is presented in
Table 1. The age at diagnosis for cases ranged from 21 to
78 years, with a mean of 50.1 (standard deviation—SD = 9.8)
years. The mean age for the control group was 49.9 (SD =9.3)
years. There were no significant differences between cases and
controls in levels of education, marital status, residence, BMI,
or family history of cancer among first-degree relatives.
However, compared with controls, fewer cases had an annual
family income >200 million Vietnamese Dong (VND). Our
previous study described the characteristics of cases, in which
94 (19.2%) participants were diagnosed at stage I, 240
(49.2%) were diagnosed at stage II, and 119 (24.3%) were
diagnosed at stage III and IV."®

Table 2 shows the ORs and 95% Cls for breast cancer
associated with menstrual and reproductive factors. The vast
majority of study participants (95.2% of cases and 97.1% of
controls) started menstruation at age 13 or later. Early age at
menarche (<13 years) was associated with a non-significantly
evaluated breast cancer risk (OR = 1.69, 95% CI: .85-3.49)
compared to menarche age of 13 or older. A significantly
increased risk of breast cancer was found among women with
a later age at menopause (OR = 1.71, 95% CI: 1.15-2.57),
compared to women with an earlier age at menopause.
Compared with participants who had regular ovulatory
menstrual cycles, women with irregular ovulatory menstrual
cycles had a 48% (95% CI: .37-.71) lower risk of breast
cancer, while participants with sometimes irregular menstrual
cycles had a 3.49-fold (95% CI: 1.74-7.66) increased risk of
breast cancer. Compared with controls, breast cancer cases
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were more likely to have fewer pregnancies and live births and
were older at first live birth. Compared to women with one
child, women with three or more children had a 47% (95% CI:
.33-.85) reduced risk of breast cancer. In contrast, age at last
birth was not associated with breast cancer risk (data not
shown). History and number of spontaneous miscarriages,
induced abortions, status, and duration of breastfeeding were
not associated with breast cancer risk. Sensitivity analyses
based on 374 individually matched pairs did not materially
change the above-reported associations (Supplementary
Tables S1).

Further analyses stratified by menopausal status were
conducted and the results are shown in Table 3. The asso-
ciation of breast cancer with age at menarche, parity, and age at
first live birth were predominantly seen among premenopausal
women. The associations for early age at menarche (OR =
2.66, 95% CL: 1.08-7.51, Pheterogencity = -05) and number of
live births with breast cancer (OR = .42, 95% CI: .21-.83)
reached the statistical significance level. In addition, compared
to women with a BMI of <18.5 kg/m?, women with a BMI of
23-17.5 kg/m?* experienced an increased risk of breast cancer
among those who were postmenopausal (OR =2.18, 95% CI:
1.08-4.49, Ppeierogencity = -04).

Table 4 presents the associations between menstrual and
reproductive characteristics and the risk of intrinsic breast
cancer subtypes. Among breast cancer patients, luminal B
subtype was most frequent (48.6%), followed by HER2-
enriched (24.5%), luminal A (16.7%), and triple-negative
breast cancer (TNBC; 10.2%). Menarche at an early age
(<13 years) was associated with a significantly increased risk
of luminal A (OR = 3.06, 95% CI: 1.04-8.16) and non-
significantly increased HER2-enriched (OR = 1.93, 95%
CIL: .66-5.06) and TNBC (OR = 2.45, 95% CI: .54-8.25).
Compared to women with one child, women with more than
two children experienced a reduced risk of luminal B breast
cancer (OR = .43, 95% CI: .24-.79) and TNBC (OR = .34,
95% CI: .14-.89), respectively. The risk of HER2-enriched
breast cancer increased significantly (OR = 2.19, 95% CI:
1.14-4.23) with more advanced age at menopause. We ob-
served no other significant associations for specific subtypes
of breast cancer.

Discussion

To our knowledge, this study is the largest case-control study
of breast cancer and the first one to investigate breast cancer
risk factors by tumor subtype in Vietnam. Most of our findings
on menstrual/reproductive characteristic-breast cancer risk
associations are consistent with those reported for Western and
other Asian populations, while few previously established
associations were not observed in our study.

Early age at menarche has been consistently associated
with an increased risk of breast cancer in several Asian and
Western populations.'®** In our study, early age at menarche
was associated with a non-significantly elevated risk of breast

Table I. Sociodemographic characteristics and familial cancer
history of study participants.

Cases Controls P value
Variables (N =490) (N = 468)
Age [mean % SD (y)] 50.1 £9.8 49993 .74
Education level (n (%))
No formal education 7 (1.4) 7 (1.5) .87
Elementary school 65 (13.3) 60 (12.8)
Middle school and high school 324 (66.3) 321 (68.5)
College and higher 93 (19.0) 80 (17.2)
Marital status (n (%))
Single 76 (15.5) 52 (11.1) .06
Married or cohabiting 413 (84.5) 416 (88.9)
Annual family income (VND) (n (%))
<50 million 144 (29.7) 145 (31.5) .009
50-100 million 189 (39.0) 163 (35.4)
100-150 million 103 (21.1) 93 (20.2)
150-200 million 40 (8.2) 31 (6.7)
>200 million 9 (1.8) 29 (6.3)
Residence (n (%))
Urban 122 (24.9) 107 (23.1) .75
Suburban 71 (14.5) 65 (14.0)
Rural 296 (60.5) 291 (62.9)
BMI (n (%))
mean * SD (y)] 21,7 +£25 215+£27 .37
<18.5 kg/m? 45 (9.2) 55 (11.8) .42
18.5-22.9 kg/m? 303 (62.1) 288 (61.7)
23-27.5 kg/m? 131 (26.8) 112 (24.0)
>27.5 kg/m? 9 (1.9) 12 (3.5)
Familial cancer history (n (%))
No 384 (78.4) 359 (76.9) .63
Yes 106 (21.6) 108 (23.1)

cancer overall. This association became significant among
premenopausal women and for luminal A breast cancer. These
findings are consistent with previous studies that showed the
association between menarche and breast cancer was stronger
for the luminal A subtype.'>*** Early-onset of menarche was
related to early and greater cumulative exposure to estrogen, in
which the presence of progesterone can increase the risk of
breast cancer, particularly in the luminal A subtype in which
estrogen exposure is most relevant. We found that the
menarche-breast cancer association was mainly confined to
premenopausal women is likely caused by a cohort effect as
Vietnamese women traditionally have a late onset of men-
struation (more than 97% of control participants began
menstruation at >13 years of age). In addition, the age at
menarche has decreased in younger generations. In our study,
the average menarche age among controls was 15.7 years.
We found that women with irregular cycles had 48% and
56% reduced risks of breast cancer overall and for luminal B
breast cancer, respectively. This finding is in line with reports
from previous studies.”’*® Irregular menstrual cycles may be
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Table 2. Association between menstrual and reproductive factors and breast cancer risk.

Cases Controls
Variables N (%) N (%) OR (95% CI)*
Age at menarche
213 454 (95.2) 443 (97.1) 1.00 (ref)
<13 23 (4.8) 13 (2.9) 1.69 (.85-3.49)
Menopause
No 260 (53.5) 246 (53.0) 1.00 (ref)
Yes 226 (46.5) 218 (47.0) .90 (.62-1.31)
Age at menopause
<50 112 (49.6) 137 (62.8) 1.00 (ref)
>50 114 (50.4) 81 (37.2) 1.71 (1.15-2.57)
Regular menstrual cycle
Regular 370 (76.1) 324 (69.4) 1.00 (ref)
Irregular 80 (16.5) 133 (28.5) .52 (.37-71)
Sometimes 36 (74) 10 (2.1) 3.49 (1.74-7.66)
Length of menstrual cycle
<26 days 85 (23.2) 48 (14.8) 1.00 (ref)
26-30 days 221 (60.2) 205 (63.3) 46 (.28-.76)
>30 days 61 (16.6) 71 (21.9) .64 (.42-.96)
Trend test P = .004
Number of pregnancies
0 28 (5.7) 27 (5.8) 1.00 (ref)
| 34 (7.0) 19 (4.1) 1.46 (.67-3.21)
2 66 (13.6) 71 (15.2) .82 (42-1.57)
3 117 (24.0) 110 (23.6) .92 (49-1.71)
>4 242 (49.7) 240 (51.4) .85 (.47-1.53)
Trend test P=.30
Parity
Ever 451 (92.6) 433 (92.9) 1.00 (ref)
Never 36 (7.4) 33 (7.1) 1.19 (71-2.01)
Number of live births
| 6l (13.3) 39 (9.0 1.00 (ref)
2 254 (56.3) 229 (52.9) .74 (47-1.15)
>3 137 (30.4) 165 (38.1) .53 (.33-.85)
Trend test P = .005
Age at first live birth®
<25 246 (54.5) 279 (64.7) 1.00 (ref)
25-29 153 (33.9) 118 (27.4) 1.49 (1.10-2.02)
30-34 28 (6.2) 21 (4.9) 1.40 (.75-2.63)
235 24 (5.4) 13 (3.0) 1.66 (.76-3.71)
Trend test P =.029
Abortion
Never 161 (33.1) 169 (36.2) 1.00 (ref)
Induced only 71 (14.6) 72 (15.4) 1.06 (.71-1.58)
Miscarriage only 197 (40.4) 170 (36.4) 1.19 (.87-1.61)
Both induced and miscarriage 58 (11.9) 56 (12.0) 1.02 (.66-1.58)
Breastfeeding”
Ever 443 (91.0) 426 (91.4) 1.00 (ref)
Never 44 (9.0) 40 (8.6) 1.49 (.55-4.39)
Breastfeeding duration”
<12 15 (3.4) 13 3.1) 1.00 (ref)
12-23 115 (26.1) 103 (24.1) 1.01 (.45-2.28)
>24 311 (70.5) 311 (72.8) .95 (42-2.10)
Trend test P=.7l

?Adjusted for age, first-degree family cancer history, income.

Padditionally adjusted for number of live births among parous women.
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Table 3. Association between menstrual and reproductive factors and breast cancer stratified by menopausal status.

Pre-menopause

Post-menopause

Cases Controls Cases Controls
Variables N (%) N (%) OR (95% CI)* N (%) N (%) OR (95% CI)*
Age at menarche
>13 241 (93.4) 239 (97.6) 1.00 (ref) 213 (97.7) 201 (96.6) 1.00 (ref)
<13 17 (6.6) 6 (2.4) 2.66 (1.08-7.51) 5(2.3) 7 (34) .75 (.22-2.43)
Pheterogeneity =.05%
Parity
Ever 246 (94.6) 236 (95.9) 1.00 (ref) 204 (90.7) 194 (89.4) 1.00 (ref)
Never 14 (5.4) 10 (4.1) 1.66 (.68-4.33) 21 (9.3) 23 (10.6) .98 (.50-1.88)
Pheterogeneity = 4|*
Number live births
| 33 (13.1) 19 (8.1) 1.00 (ref) 39 (14.2) 20 (10.3) 1.00 (ref)
2 166 (65.9) 140 (59.3) .74 (.39-1.36) 91 (44.6) 87 (44.8) 71 (.36-1.35)
>3 53 (21.0) 77 (32.6) 42 (21-.83) 84 (41.2) 87 (44.8) .62 (.32-1.20)
Trend test P =.003 P=.23
Pheterogeneity = .|5%
Age at first live birth®
<25 140 (56.9) 162 (68.9) 1.00 (ref) 106 (52.0) 116 (60.1) 1.00 (ref)
25-29 85 (34.6) 59 (25.1) 1.67 (1.10-2.54) 67 (32.8) 57 (29.5) 1.29 (.82-2.04)
30-34 12 (4.9) 10 (4.3) 1.31 (.52-3.36) 16 (7.8) Il (5.7) 1.54 (.67-3.69)
>35 9 (3.7) 4 (1.7) 2.05 (.60-8.25) 15 (7.4) 9 (4.7) 1.53 (.55-4.43)
Trend test P =.048 P=.2I
Pheterugeneity = 49%
Breastfeeding®
Ever 242 (93.1) 232 (94.7) 1.00 (ref) 200 (88.9) 191 (87.6) 1.00 (ref)
Never 18 (6.9) 13 (5.3) 2.66 (.62-18.25) 25 (1'1.1) 27 (12.4) .81 (.18-3.52)
Pheterogeneity =.39
Breastfeeding duration®
<12 9 (3.8) 5(2.1) 1.00 (ref) 6 (3.0) 8 (4.2) 1.00 (ref)
12-23 63 (26.2) 55 (23.6) .57 (.16-1.83) 52 (26.0) 48 (25.1) 1.88 (.59-6.31)
>24 168 (70.0) 173 (74.2) 51 (.15-1.62) 142 (71.0) 135 (70.7) 1.89 (.60-6.23)
Trend test P = .44 P=.63
Pheterogeneity = .37%
BMI
<185 kg/m2 27 (11.0) 27 (10.4) 1.00 (ref) 18 (8.0) 28 (12.9) 1.00 (ref)
18.5-22.9 kg/m2 153 (62.2) 170 (65.6) 1.15 (.64-2.09) 130 (57.8) 132 (60.8) 1.66 (.87-3.25)
23-27.5 kg/m2 59 (24.0) 59 (22.8) 1.05 (.54-2.05) 72 (32.0) 52 (24.0) 2.18 (1.08-4.49)
>27.5 kg/m2 7 (2.8) 3(1.2) 45 (.09-1.83) 522 5(2.3) 1.56 (.38-6.44)
Trend test P = .40 P =.05

*Pheterogeneiy = -04, Test for heterogeneity.

?Adjusted for age, first-degree family cancer history, income.
badditionally adjusted for number of live births among parous women.

related to anovulation, leading to reduced exposure to estrogen
and progesterone, and thus, lower risk of breast cancer.”” The
more than 3-fold elevated odds ratio for overall breast cancer,
and most subtypes of breast cancer, associated with sometimes
irregular menstruation has not been previously reported and
may be caused by recall bias. Of note, the confidence intervals
for the OR associated with irregular menstruation are ex-
tremely wide due to how few women reported having the

condition. Therefore, this result should be interpreted with
caution.

Similarly, late age at menopause is a well-established
risk factor for breast cancer. Our results show that women
aged 50 or over at menopause had an increased risk for
breast cancer overall and HER-2+ and a suggested elevated
risk of luminal A breast cancer. Late menopause is asso-
ciated with increased lifetime exposure to estrogen, which
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Table 4. Association between menstrual and reproductive factors and breast cancer by intrinsic subtypes.

Controls Luminal A Luminal B HER 2-enriched TNBC
Variables N N  OR (95% ClI)? N OR (95% CI)* N OR (95% CI)* N OR (95% CI)*
Age at menarche
213 443 66 1.00 (ref) 7 1.00 (ref) 102 1.00 (ref) 41 1.00 (ref)
<13 13 6 3.06(1.04-8.16) 208 1.14 (.42-2.84) 6 1.93 (.66-5.06) 3 245 (.54-8.25)
Pheterogeneity = .09*
Menopause
No 246 42 1.00 (ref) 129 1.00 (ref) 51 1.00 (ref) 21 1.00 (ref)
Yes 218 32 .55 (26-1.14) 88 .64 (.40-1.05) 58 1.37 (74-2.54) 25 1.44 (.58-3.58)
Pheterogeneity = .09*
Age at menopause
<50 137 14 1.00 (ref) 50 1.00 (ref) 28 1.0 (ref) 14 1.00 (ref)
>50 8l 18 1.99 (.90-4.51) 38 1.17 (.69-1.98) 30 2.19 (1.14-423) Il 1.19 (48-2.89)
Pheterogeneity = .04*
Regularity of menstrual cycle
Regular 324 58 1.00 (ref) 167 1.00 (ref) 84 1.00 (ref) 32 1.00 (ref)
Irregular 133 13 .54 (.27-1.00) 32 44 (28-67) 16 .46 (.25-.80) 9 .68 (.30-1.43)
Sometimes 10 4 262 (.68-8.50) 17 3.51 (1.57-8.24) 9 432 (1.59-11.81) 5 6.30(1.77-20.89)
Length of menstrual cycle
<26 days 48 11 1.00 (ref) 38 1.00 (ref) 24 1.00 (ref) 7 1.00 (ref)
26-30 days 205 32 .69 (.33-1.55) 99 .64 (.39-1.06) 49 .49 (.27-90) 21 .71 (.30-1.92)
>30 days 71 14 .80 (.33-1.98) 28 .49 (.26-.90) I .28 (.12-.63) 4 .36 (.09-1.28)
Trend test P=.82 P=.03 P =.003 P=.12
Pheterogeneity = .002*
Parity
Ever 433 72 1.00 (ref) 196 1.00 (ref) 104 1.00 (ref) 41 1.00 (ref)
Never 33 3 .62 (.14-1.89) 20 1.57 (.84-2.87) 6 .85 (.30-2.03) 5 1.79 (.56-4.85)
Pheterogeneity = .33*
Number live births
I 39 10 1.00 (ref) 28 1.00 (ref) 8 1.00 (ref) 9 1.00 (ref)
2 229 39 .70 (.33-1.58) 117 .73 (42-1.26) 59 1.24 (.57-3.03) 18 .37 (.16-.94)
>3 165 23 52 (.23-1.23) 51 .43 (24-79) 37 1.08 (.48-2.67) 14 .34 (.14-89)
Trend test P=.14 P =.002 P=.77 P=.12
Pheterogeneity = .002*
Age at first live birth®
<25 279 35 1.00 (ref) 109 1.00 (ref) 61 1.00 (ref) 24 1.00 (ref)
25-29 118 28 191 (1.09-3.34) 63 1.38 (.93-2.04) 33 1.31 (.79-2.15) 13 1.25 (.58-2.60)
30-34 21 4 143 (38-4.34) I5 1.58(.73-3.33) 5 1.24 (39-3.34) I .34 (.02-2.00)
>35 13 5 241 (.62-851) 9 1.37 (51-3.58) 5 2.10 (.59-6.79) 3 1.36 (.25-5.88)
Trend test P = .045 P=.13 P=.17 P=.9l
Pheterogeneity = .01*
Abortion
Never 168 23 1.00 (ref) 80 1.00 (ref) 32 1.00 (ref) 14 1.00 (ref)
Induced only 72 15 1.58(.76-3.23) 30 .90 (.53-1.48) 14 1.07 (.52-2.11) 4 .65 (.18-1.91)
Miscarriage only 171 30 1.26 (.70-2.30) 78 .93 (.63-1.36) 48 151 (.91-2.52) 24 1.70 (.85-3.53)
Both induced and miscarriage 56 7 .91 (.34-2.17) 28 .98 (.56-1.66) 16 1.45 (.71-2.88) 4 .85 (.23-253)
Breastfeeding”
Ever 426 73 1.00 (ref) 192 1.00 (ref) 101 1.00 (ref) 39 1.00 (ref)
Never 40 2 - 24 1.48 (41-5.05) 9 2.68 (.67-9.70) 7 3.10 (43-14.91)
Pheterogeneity = .05*
Breastfeeding duration®
<l2 13 5 1.00 (ref) 5 1.00 (ref) 3 1.00 (ref) 2 1.00 (ref)
12-23 103 22 .66 (.21-2.29) 45 1.19 (51-4.62) 25 1.02 (.29-4.79) 9 .63 (.13-4.66)

(continued)
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Table 4. (continued)

Luminal B HER 2-enriched TNBC

OR(95% Cl N  OR(95%Cl* N  OR (95% Cl)*

Controls Luminal A
Variables N N OR(95%Cl)* N
>24 311 45 41 (.13-1.39) 142
Trend test P =.06

|42 (51-4.62) 28

P=.36

72 .93 (27-4.26)

P=.73

76 (.16-5.58)
P=.89

>|<Pheterc)genei':y =.30.

aTest for heterogeneity of trend; P value across four molecular subtypes.
Adjusted for age, first-degree family cancer history, income.

Padditionally adjusted for the number of live births among parous women.

may account for the increased risk of breast cancer.’® The
lack of significance for luminal A breast cancer is likely due
to the small sample size.

Our findings on reduced numbers of live births and late age
at first live birth being associated with an increased risk of
breast cancer were consistent with results of previous
studies,’'>> including those conducted in Vietnamese
women.>®*7 Our study, for the first time, showed that these
associations varied by tumor subtype among Vietnamese
women. Specifically, women with more than two children had
a decreased risk of both luminal B and TNBC subtypes, and a
suggested decreased risk of luminal A breast cancer, compared
to women with one child. However, the number of live births
was unrelated to HER 2+ breast cancer. These results support a
different etiology for breast cancer subtypes, which warrants
further investigation.

Our finding of a null association for miscarriage and
abortion with breast cancer risk was consistent with a 2015
meta-analysis that showed no evidence from prospective
studies on an association between breast cancer risk and
abortion, including both induced and spontaneous abortion.”

We did not find that the length of time breastfeeding was
significantly associated with breast cancer overall and by
subtypes in our study, which is inconsistent with some of the
earlier findings.*®* It should be noted that 96.6% of cases and
96.9% of controls in our study have had breastfeeding ex-
perience, most for longer than 12 months. Thus, our study has
low statistical power to investigate the influence of no or short-
term breastfeeding on breast cancer risk.

The large sample size, high participation rate, standardized
data collection, and availability of breast cancer subtype in-
formation are significant strengths of our study. However, our
study also has several limitations. First, our study was
hospital-based; therefore, selection bias cannot be excluded.
Nevertheless, the Vietnam National Cancer Hospital and the
Hanoi Oncology Hospital are the leading hospitals treating
most breast cancer patients in Northern Vietnam. Because
most Vietnamese have government-provided health insurance,
systematic selection bias is minimized. In addition, we have
adjusted for education and family income in our analysis to
reduce selection bias further. Second, like almost all previous
studies, information regarding menstrual and reproductive
factors is self-reported. Misclassification is unavoidable and

may introduce a biased estimation for the associations be-
tween menstrual/reproductive factors and breast cancer. Be-
cause our study is a retrospective by design, contrary to
prospective studies, the bias may be differential. Third, most
controls (95.9%) were recruited from female relatives or
friends of cancer patients other than those treated for breast
cancer at the Vietnam National Cancer Hospital. Therefore,
they may not be a representative sample of Vietnam’s general
population. This may be why the family history of cancer
among controls was similar to that of cases in our study. This
raises a potential concern that the association estimation de-
rived from our research may be somewhat underestimated or
overestimated.

Conclusion

In summary, in this first large case-control study investigating
breast cancer risk factors by tumor subtype in Vietnam, we
found that menstrual and reproductive factors played an
important role in breast cancer etiology, particularly among
premenopausal women and for hormonal positive breast
cancer subtypes. Therefore, our findings are imperative for
developing breast cancer prevention strategies in Vietnam,
particularly given the recent changing trends in menstrual and
reproductive patterns in the younger generation of Vietnamese
women.

Abbreviations
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ER estrogen receptor

1A induced abortion

HER-2 human epidermal growth
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