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density within the International Consortium
of Mammographic Density: A cross-sectional
study
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Abstract

Background Elevated mammographic density (MD) for a woman's age and body mass index (BMI) is an established
breast cancer risk factor. The relationship of parity, age at first birth, and breastfeeding with MD is less clear. We exam-
ined the associations of these factors with MD within the International Consortium of Mammographic Density (ICMD).

Methods ICMD is a consortium of 27 studies with pooled individual-level epidemiological and MD data from 11,755
women without breast cancer aged 35-85 years from 22 countries, capturing 40 country-& ethnicity-specific popu-
lation groups. MD was measured using the area-based tool Cumulus. Meta-analyses across population groups

and pooled analyses were used to examine linear regression associations of square-root (+/) transformed MD measures
(percent MD (PMD), dense area (DA), and non-dense area (NDA)) with parity, age at first birth, ever/never breastfed
and lifetime breastfeeding duration. Models were adjusted for age at mammogram, age at menarche, BMI, meno-
pausal status, use of hormone replacement therapy, calibration method, mammogram view and reader, and parity
and age at first birth when not the association of interest.

Results Among 10,988 women included in these analyses, 90.1% (n=9,895) were parous, of whom 13% (n=1,286)
had > five births. The mean age at first birth was 24.3 years (Standard deviation = 5.1). Increasing parity (per birth)
was inversely associated with vPMD (B: — 0.05, 95% confidence interval (Cl): — 0.07, — 0.03) and v/DA (B: — 0.08, 95%
Cl: = 0.12, —0.05) with this trend evident until at least nine births. Women who were older at first birth (per five-year
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increase) had higher vPMD (3:0.06, 95% CI:0.03, 0.10) and v/DA (3:0.06, 95% Cl:0.02, 0.10), and lower vNDA (B: — 0.06,
95% Cl: — 0.11, —0.01). In stratified analyses, this association was only evident in women who were post-menopausal
at MD assessment. Among parous women, no associations were found between ever/never breastfed or lifetime

breastfeeding duration (per six-month increase) and vMD.

Conclusions Associations with higher parity and older age at first birth with /MD were consistent with the direction
of their respective associations with breast cancer risk. Further research is needed to understand reproductive factor-
related differences in the composition of breast tissue and their associations with breast cancer risk.

Keywords Mammographic density, Reproductive factors, Parity, Age at first birth, Breastfeeding

Introduction

Breast cancer accounts for the majority of incident can-
cer cases in women [1]. Reproductive factors which
reduce a woman’s risk of breast cancer later in life include
increased parity (i.e. number of births), younger age at
first birth, ever having breastfed, and a longer lifetime
breastfeeding duration [2]. The Oxford Collaborative
Group Pooling studies reported reductions in breast can-
cer risk of 7% per birth, 3% per year younger for age at
first birth, and 4.3% for every 12 months of breastfeeding
[3]. Prior research suggests that the protective effect of
increasing parity on breast cancer risk is greater among
post-menopausal women and the risk reduction associ-
ated with breastfeeding does not differ by menopausal
status [3—5]. Furthermore, the increase in breast cancer
risk associated with increasing age at first birth is greater
among pre-menopausal women [4—6]. A recent meta-
analysis which examined these associations by breast
cancer tumour subtypes found that higher parity was
associated with reduced risk of hormone receptor-posi-
tive breast cancers [7]. Further, ever/longer breastfeeding
duration was associated with reduced risk for all sub-
types including hormone receptor-positive and -negative
breast cancers, HER2-positive breast cancer, and triple-
negative breast cancer [7], whilst older age at first birth
was associated with an increased risk of hormone recep-
tor-positive and HER2-positive breast cancers [7].

Mammographic density (MD) describes the fibroglan-
dular or non-fatty tissue within the breast that radiologi-
cally appears white on mammograms [8]. Elevated MD
for a woman’s age and body mass index (BMI) is associ-
ated with increased breast cancer risk independently of
reproductive factors [9]. Furthermore, higher MD lowers
the sensitivity of mammography to detect breast cancer
[10]. As reproductive factors and MD can impact a wom-
an’s risk of breast cancer independently, there is a need to
understand the role of reproductive factors in the aetiol-
ogy of MD throughout a woman’s lifetime.

Prior studies have reported inverse associations
between increasing parity and the MD measures, percent
MD (PMD) and dense area (DA) [11-19] but it is unclear
if this relationship is linear, with each birth reducing MD

regardless of the number of prior births, or if there is a
threshold number of births where the influence of parity
on MD is reached. Older age at first birth has been asso-
ciated with higher PMD and DA in a number of studies
conducted in the United States, Northern Greece, and
Asia [12, 13, 20, 21]. Evidence of the association between
breastfeeding and MD is not fully clear, despite its estab-
lished protective effects on breast cancer. A study within
the Nurses’ Health Study and Nurses’ Health Study II
cohorts in the US reported positive associations between
longer lifetime breastfeeding duration for all births and
DA, among pre-menopausal women only [11]. In com-
parison, a study set in Northern Greece reported a
decreasing linear trend between longer breastfeeding
durations for all live births and a higher MD Wolfe-pat-
tern (P2 or DY) among pre-menopausal women [13].

Examining the relationships between these reproduc-
tive factors with MD across populations with very diverse
reproductive profiles may provide further insight into
how variations in these reproductive factors influence a
woman'’s breast tissue composition. Therefore, this study
aimed to investigate the associations between parity, age
at first birth, ever/never breastfed and lifetime breast-
feeding duration with MD within the International Con-
sortium of Mammographic Density (ICMD).

Methods

Study design and population

This cross-sectional study used data from the ICMD,
coordinated by the International Agency for Research
on Cancer, and described in detail previously [22-24].
The consortium pooled individual-level epidemiologi-
cal and MD data from 27 studies that spanned across 22
countries and included 40 country-, study- & ethnicity-
specific population groups [22]. As many of the ICMD
contributing studies included women from different eth-
nic groups within an individual study, the term popula-
tion group was used to identify specific ethnic groups
within a specific study. For example, the Malaysian study
included women from three ethnic groups (Malaysian,
Chinese, and Indian). Studies within the consortium
included women, aged 35 years or older who were breast
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cancer-free and underwent organized, ad hoc, or oppor-
tunistic screening mammography. Within each popula-
tion group approximately 200 pre- and post-menopausal
women, selected at random, were included where pos-
sible [22]. To be eligible for inclusion within the consor-
tium, one mammogram in electronic format and a core
set of risk factor information were required for each
woman [22]. Women with a previous breast cancer diag-
nosis were not eligible to be included.

Exposures

Exposure variables of interest in the present analysis
included the following reproductive exposures includ-
ing parity (defined as number of births), age at first birth,
ever/never breastfed, and lifetime breastfeeding duration
(defined as a woman’s cumulative lifetime breastfeeding
duration in months). All variables were self-reported and
collected close to or at the time of mammography for the
majority of studies, with five studies collecting the infor-
mation more than two years before or several years after
the time of mammography [22]. Parity and age at first
birth were available in all 27 studies within the ICMD.
Parity was collected as a continuous variable in the 27
individual studies, while age at first birth was collected
as a continuous variable in 24 studies and as a categori-
cal variable in 3 studies. Ever/never breastfed was avail-
able in 25 studies and lifetime breastfeeding duration
was collected as a continuous variable in 18 studies and
as a categorical variable in 2 studies. At the study level,
definitions for the exposure variables varied. Parity was
defined as number of births (n=5 studies), full-term
births (n=11 studies), live births (n=2 studies), preg-
nancies (n=2 studies), births as>6.5 or 7 months gesta-
tion, live or not (n=2 studies), children (n=3 studies),
or not defined (n=2 studies) [22]. Similarly, age at first
birth was defined as age at first live birth (n=3 studies),
age at first pregnancy (n=2 studies), age at first full term
pregnancy (n=11 studies), age at first pregnancy lasting
at least 6.5 or 7 months, live birth or not (n=2 studies),
age first child was born (n=3 studies), age at first delivery
(n=1 study), or not defined (n=5 studies) [22].

Mammographic density assessment

To assess MD, both previously digitised film and digital
(raw and processed) mammograms were included span-
ning from 1986 to 2014 [22]. As previously described,
three readers independently assessed one mammogram
per woman using the semi-automated MD analysis soft-
ware, Cumulus [25]. Where more than one mammogram
per women was provided to the ICMD, the left medi-
olateral oblique (MLO) view was preferentially selected
for MD assessment as it was more widely available in the
contributing studies, followed by the right MLO view, the
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left craniocaudal (CC) view, or the right CC view [22].
Mammograms were grouped by mammogram type (i.e.
digitised, digital raw, or digital processed), and within
each group, they were randomly placed in batches of
approximately 90 mammograms for assessment [22].
Protocols were developed to address variations between
the three readers, between batches, and within batches
by including approximately 15% of repeat images in
each batch [22]. Within reader concordance was>90%
for each reader and between readers, the overall percent
MD (PMD) distributions across women in the ICMD
were right skewed to different degrees for each reader
and therefore, the MD measures were transformed to
improve normality of the data, as detailed previously by
McCormack et al. [22]. Similar to prior studies conducted
within the consortium, the outcome of interest was MD
[23, 24]. MD was examined as PMD ((dense breast area
(cm?)/total breast area (cm?))x100), dense area (DA)
(cm?), and non-dense area (NDA) (cm?).

Statistical analysis

Descriptive analyses were performed to summarise the
characteristics of the study sample and to describe the
exposure variables, parity, age at first birth, ever/never
breastfed, and lifetime breastfeeding duration, among
the population groups. The MD measures were square-
root transformed for analyses to normalize the skewed
distribution and the beta-coefficient (p) from the regres-
sion analyses were reported for the YyMD measures,
J/PMD, YDA, and YNDA [22]. For interpretation, the
from the regression analysis can be interpreted as the
difference in the length of a side of a square within the
DA [22]. Therefore, if the length of a side of a square
within the DA (YDA) is 10 cm (corresponding to square
of 10 cm x 10 cm with a DA of 100 cm?), and p=0.10, this
would represent an increase of 0.10 cm in the length of
the side of the square within the DA, resulting in a VYDA
of 10.10 cm and a DA of 102.01 cm?, corresponding to a
difference of 2.01 cm? in the DA.

To investigate the associations between the repro-
ductive factors and the yMD measures, two approaches
were used including a population-specific meta-anal-
ysis and a pooled analysis. A meta-analysis approach
was conducted for the 40 population groups using a
random effects model. Forest plots were used to dis-
play the population group-specific effect estimates and
the overall effect estimate. For this analysis, parity (per
birth), age at first birth (per five-year increase in age
at first birth), and lifetime breastfeeding duration (per
six-month increase in lifetime breastfeeding duration)
were defined as continuous variables. For continuous
analyses, where exposures of interest were collected as
categorical variables (e.g. age at first birth and lifetime
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breastfeeding duration) at the study level, the median
of each category in those studies were pooled with
the continuous data from the other studies [22]. Ever/
never breastfed was defined as a binary variable (ever
or never). Pooled analyses were conducted using a
multi-level model allowing for grouping of yMD meas-
ures at the individual and population group level. For
pooled analyses, parity was categorised as 0, 1, 2, 3, 4
....10 and > 11 births. Age at first birth was defined as
a categorical variable (12-15, 16-17, 18-19.... 34-37,
and > 38 years). Lifetime breastfeeding duration was
categorised as<1,>1-<6,>6-<12,>12-<24,>24-<
48,>48-<72,>72-<200, and >200 months. For analy-
ses examining the associations between parity and the
YMD measures, nulliparous and parous women were
included, while the analyses examining the respec-
tive associations between age at first birth, ever/never
breastfed, or lifetime breastfeeding duration and the
Y/MD measures were only among parous women. Strati-
fied analyses by menopausal status were also performed
for the meta-analysis and pooled approaches with fig-
ures showing the findings for the yMD measure, yPMD,
provided in Additional File 1.

In all analyses, models were adjusted for age at
mammogram (continuous, years), BMI (continuous,
measured in 18 studies and self-reported in 9 stud-
ies), menopausal status (pre/peri-menopausal and
post-menopausal), use of hormone replacement ther-
apy (ever, current, past, never, and unknown), age at
menarche (continuous, years), calibration method
(digitized, = processed-Philips,  processed-MediFu-
ture, processed-Agfa, processed-Siemens, and cali-
brated raw), mammogram view (CC or MLO view),
and mammogram reader (VM, IdSS, and NB). For
analyses investigating the associations between par-
ity and the YyMD measures, age at first birth was
adjusted for in these analyses by generating a cat-
egorical variable with the following categories, nul-
liparous,<20,<25...,>40 years. Similarly, parity
(continuous, per birth) was adjusted for in the analysis
examining the association between age at first birth and
the YMD measures. Both parity (continuous, per birth)
and age at first birth (continuous, years) were adjusted
for in analyses examining the respective associations
between the breastfeeding exposures and the YMD
measures. To assess for bias in the population-specific
meta-analyses, funnel plots of the effect size and stand-
ard error for each reproductive factor and vMD meas-
ure were generated and visual inspection indicated no
strong evidence of bias (Additional File 1: Fig. S1(a-d)).
All analyses were performed using Stata 17.0 software
[26].
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Sensitivity analysis

For each of the reproductive factors and the yMD meas-
ures, sensitivity analyses were performed excluding the
five studies in which risk factor information was col-
lected at least two years before or after the time of mam-
mography. These sensitivity analyses were conducted to
assess the impact of including these studies in the popu-
lation-specific meta-analyses examining the associations
between each of the reproductive factors and the YyMD
measures as there is a possibility that a woman’s par-
ity or lifetime breastfeeding duration status may have
changed between risk factor information collection and
time of mammography. Additional sensitivity analyses
were performed to examine the associations between the
parity exposure and the YMD measures by restricting this
analysis to parous women in order to assess the impact
of including nulliparous women in the primary popula-
tion-specific meta-analysis. For the lifetime breastfeeding
duration exposure, sensitivity analyses excluding women
who breastfed for shorter (<1 month) or longer durations
(>200 months) were performed to examine the impact
of including extreme lifetime breastfeeding durations on
V/MD associations in the main population-specific meta-
analysis; while an additional sensitivity analysis examin-
ing the impact of including parous women that did not
breastfeed in the pooled analysis examining the associa-
tions between lifetime breastfeeding duration categories
and the YMD measures was also conducted. We also con-
ducted sensitivity analyses to examine the associations
between breastfeeding duration per birth, calculated by
dividing lifetime breastfeeding duration by parity, and the
VMD measures.

Results

Analytical sample

From the total ICMD sample (n=11,755), for the analy-
ses examining associations between the parity exposure
and YMD measures, 10,988 (93.5%) women were eligible
for inclusion. The included analytical sample are fur-
ther described in Fig. 1. In analyses restricted to parous
women, 9,773 women were included for the age at first
birth analyses. For the breastfeeding analyses, 8,548 were
eligible to be included in the ever/never breastfed analy-
ses and among parous women who breastfed, 5,657 were
eligible to be included in the lifetime breastfeeding dura-
tion analyses.

Study participant characteristics

A summary of the reproductive exposures of the 40
country-ethnicity-specific ~ population  groups are
described in Table 1 and the distribution of mean par-
ity, age at first birth, and lifetime breastfeeding duration
across the population groups are shown in Fig. 2. Among
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Women included in ICMD sample
(n=11,755)

v

MD information missing <
(n = 529)

Ethnicity unknown (n = 129)

\4

BMI information missing (n = 2)

Parous but parity missing or
recorded < 1 (n = 6)

Age at first birth or age at last
birth after age at
mammography (n = 3)

\4

Difference between age at first
birth and age at menarche <0
(n=5)

Parity information missing
(n=93)

v

] Women eligible for analyses with
parity as the exposure of interest

(n=10,988) I
I------ ------l
Age at first birth information > Nulliparous women (n = 1,093)
missing (n = 122)

I Women eligible for analyses with
age at first birth as the exposure of
interest (n = 9,773)

100% of women in US-USC

R R

Asian population group never
breastfed, as a result US-USC
study was excluded (n = 274) *

A 4

Ever/never breastfed
information missing (n = 951)

I Women eligible for analyses with
| ever/never breastfed as the
I_exposure of interest (n = 8,548)

Lifetime breastfeeding duration
information missing (n = 1,321)

A
\ 4

Parous women who did not
breastfeed (n = 1,570)

] Women eligible for analyses with
| lifetime breastfeeding duration as
l_the exposure of interest (n = 5,657)
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Fig. 1 Flow chart of the study sample with reasons for exclusion in the grey boxes and the subsequent analytical samples in the dashed boxes
for each exposure of interest — parity, age at first birth, ever/never breastfed, and lifetime breastfeeding duration. * This study was excluded

from the ever/never breastfed analyses as 100% of women in the US-USC Asian population group reported never breastfeeding. This proportion
may be as a result of the random sample selected from the study during the initial consortium development which may not reflect the true
proportion of women who breastfed in this specific population group. Given this uncertainty, it was decided to exclude this study from the ever/

never breastfed analyses

the total included study sample (n=10,988), the mean
age at mammography was 52.7 years (standard devia-
tion (SD)=8.2) and mean BMI was 27.0 kg/m? (SD=5.7).
90.1% (n=9,895) of women were parous. The mean

parity was 2.7 births (SD 1.8), ranging from 1.3 births
(SD=1.1) for Hong Kong Chinese women to 5.5 births
(SD=3.1) for Singapore-Malay women (Fig. 2). Overall,
13% (n=1,286) of parous women had five births or more.
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Table 1 Characteristics of study participants from 40 country-ethnicity specific population groups from the 27 ICMD contributing
individual studies included in this analysis.

Number of BMI* Number Age at Parity* Breastfeed Total Total
parousand (kg/m?) of parous First Birth®  (Number ever® (%) breastfeeding breastfeeding
nulliparous (Mean+SD) women (Years) of births) duration® duration®
women (Mean+SD) (Mean+SD) (Months) (Months)
(Mean +SD) (Median (IQR))
Total study sample 10,988 270+57 9773 24.3+5.1 27%18 804 2374348 10.0(28.0)
Individual Country-eth-
study nicity specific
population
groups
Australia Australia- 393 25.7+46 320 259+49 22+15 784 120+128 8.5(17.0)
Australian
Australia- 141 29.7+44 138 248+4.7 26+09 84.8 11.0+£126 7.0(13.0)
Greek
Australia- 171 293+50 164 240+3.7 27+12 85.9 120+11.3 9.0 (14.0)
Italian
Canada Canada- 379 253457 276 269455 17414 773 121+168 6(16.5)
White
Chile Chile-Mes- 186 291453 186 229+49 30£13 99.5 39.0+353 28.5(33.0)
tizo/Hispanic
Egypt Egypt- 463 337+6.7 433 234+55 40+27 938 - -
Egyptian
Hong Kong Hong Kong- 198 222429 130 29.0+4.7 13+1.1 714 58+87 2.3(7.0)
Chinese
India India-Indian 181 222+44 170 154+34 34+15 100.0 823+332 72.0 (36.0)
Iran [ran-Persian 392 293+42 392 188+38 36+1.7 97.2 60.3+40.1 54.0 (43.0)
Israel Israel-Arab 345 306+54 263 225+4.7 50+£28 91.2 373+31.7 30.0 (34.0)
Israel-Jewish 374 260+50 336 253+45 28+12 78.1 9.7+10.1 6.0 (13.5)
Japan Japan-Japa- 384 228+31 375 251429  23+08 919 19.7+17.0 15.0(22.0)
nese
Kenya Kenya-Black 270 300+£50 261 242+43 30+£16 100.0 49.6+36.7 42.0 (48.0)
Korea Korea- 389 23.1+27 350 259432 1.8+0.9 784 19.5+9.0 24.0 (9.0)
Korean
Malaysia Malaysia- 394 235+34 391 278+4.3 26+10 714 6.2+105 3.0(7.0)
Chinese
Malaysia- 247 269+4.7 219 269+56 24114 82.8 12.8+185 6.0 (14.0)
Indian
Malaysia- 217 275+46 192 264+4.2 32+18 94.6 376+398 22.5 (46.5)
Malay
Mexico Mexico-NS 147 282+4.7 126 255+49 24+16 904 14.1+14.1 12.0 (15.0)
Netherlands Netherlands- 361 257440 323 25.1+42 23+14 78.8 52+63 3(7.5)
NS
Norway Norway- 196 248+38 181 246+4.1 2614 - - -
White
Poland Poland- 396 27.3+4.7 350 251+38 1.5+0.8 709 841146 3.5(9.0)
White
Singapore Singapore- 196 240+39 183 243+4.7 36+22 574 204+450 2.0 (24.0)
Chinese
Singapore- 199 264+4.6 186 209+5.1 42424 785 33.0+408 16.5 (52.0)
Indian
Singapore- 197 276+45 186 203+45 55+3.1 823 53.3+588 33.0(77.0)
Malay
South Africa  South Africa- 371 322468 339 208+44 3.0+20 88.0 70.8+56.2 54.0 (68.0)
Black
Spain Spain-White 758 278+48 683 253+44 20+£1.1 764 83+£114 5.0(9.0)
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Table 1 (continued)

Number of BMI* Number Age at Parity* Breastfeed Total Total
parous and (kg/mz) of parous First Birth®  (Number ever® (%) breastfeeding breastfeeding
nulliparous (Mean+SD) women (Years) of births) duration® duration®
women (Mean+SD) (Mean=SD) (Months) (Months)
(Mean+SD) (Median (IQR))
Turkey Turkey- 395 27.1+49 378 235+5.1 23+14 926 - -
Turkish
UK, London  UK-London- 159 260+53 159 264+6.2 14+£13 79.2 150+19.2 9.5(15.0)
White
UK-Age Trial ~ UK-Age Trial- 159 274+56 138 260+52 19+1.0 75.0 - -
White1995
UK Ethnicity ~ UK-Eth Black 217 286+5.7 198 227+52 35+19 77.5 13.7+15.7 9.0 (19.0)
UK-Eth- 133 269+59 119 236+50 34+19 752 440+60.1 21.0 (42.0)
South Asian
UK-Eth- 245 258+53 191 247+59 22417 53.1 43477 0.0 (6.0)
White1995
US-Mayo US-Mayo- 397 282+6.5 342 25147 22+15 59.5 - -
White
US-MEC US-MEC- 142 289+63 133 229+41 32+1.7 - - -
Hawaii Hawaiian
US-MEC- 239 240+43 210 253+43 24+14 - - -
Japanese
US-MEC- 153 255+55 127 248+52 23+16 - - -
White
US-NHS/ US-NHS/ 397 263+56 351 255+38 23+14 76.0 11.2+12.7 9.0 (14.5)
NHS2 NHS2-White
Us-UsC € US-USsC- 51 232+3.1 45 28.0+4.7 22+18 0.0 - -
Asian
US-USC- 112 280+6.1 97 213+45 24+20 423 - -
Black
US-USC- 162 256+52 132 236+46 21+14 59.1 - -
White

Where (-) =Data not collected in individual study, (¥) = Among parous and nulliparous women, Q) =Among parous women (Note: The number of parous women
differed for ever/never breastfed and lifetime breastfeeding duration as this data was not available in each individual study), () =This study was excluded for ever/
never breastfed analyses, SD = Standard deviation, BMI=Body mass index, IQR =Interquartile range
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Fig. 2 Graph showing mean parity (blue), mean age at first birth (red), and mean lifetime breastfeeding duration (green) for the 40
country-ethnicity specific population groups included in this study
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(a) Association between parity and VPMD.

Population Difference in No.
group PMD (95% CI) women
Canada —_— -0.27 (-0.48, -0.06) 376
Hong Kong —_— -0.22(0.49, 0.06) 192
Japan —_— -0.22 (0.40, -0.03) 383
US-MEC-White —_— -0.21(-0.43, 0.01) 153
Netherlands —_— 020 (-0.33, -0.08) 349
Poland —_— -0.16 (-0.40, 0.08) 396
US-USC-Asian —_— -0.16 (-0.38, 0.07) 51
US-MEC-Japanese —_— -0.15 (-0.32, 0.01) 239

! k T 012 (-044,0.20) 141
US-Mayo-White —_— -0.11(-0.25,0.02) 376
US-MEC-Hawaiian —_— -0.10 (0.29, 0.08) 142
US-USC-Black —_— -0.09 (0.26, 0.08) 112
South Africa —_—— -0.09 (-0.18, -0.00) 360
Kenya —_— -0.08 (-0.20, 0.04) 249
Spain R g -0.08 (-0.21, 0.05) 757
Australia-Australian —_— -0.08 (0.2, 0.07) 393
Malaysia-Chinese —_— -0.07 (0.20, 0.06) 386
Iran —_— 0,07 (:0.14,0.01) 392
Turkey —_— -0.06 (-0.18, 0.05) 391
Malaysia-Malay —_— -0.06 (-0.20, 0.07) 214
UK-Age Trial-White -0.06 (0.42, 0.31) 157
Malaysia-Indian —_— -0.05 (-0.24, 0.13) 246
Korea —_— -0.05 (-0.26, 0.16) 385
Singapore-Chinese —_— -0.04 (0.14, 0.06) 196
Chile _— -0.04 (0.21,0.43) 186
Israel-Jewish —_— -0.03(0.23,0.16) 286
Norway —_— 0,03 (-0.22,0.16) 196
India —_— -0.03(-0.18,0.12) 175
US-USC-White —_— -0.01(-0.22, 0.20) 162
US-NHS/NHS2-White —_— 0.01(0.13,0.41) 304
Singapore-Malay —— -0.01(-0.07, 0.05) 197
Egypt — 0.01(-0.06,0.04) 462
Singapore-Indian —_— -0.01(-0.09, 0.08) 199
UK-Eth-South Asian —_— -0.00(0.20, 0.19) 9%
UK-Eth Black —_—— 0,00 (0.12,0.13) 208
Israel-Arab -_— 0.01(-0.07, 0.09) 229
Australia-Htalian _— 0.01(:0.19,0.21) 171
Mexico —_— 0.04 (-0.10, 0. 146
UK-Eth-White —_—— 0.10 (0,05, 0.24) 244
UK-London-White —_— 010 (0.11,0.31) 239
Overall (I-squared = 2.2%, p = 0.430) $ -0.06 (-0.07, 0.03)
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(b) Association between parity and VDA.

Population Difference in No.
group DA (95% CI) women
US-MEC-White —_— : -0.46 (-0.72, -0.20) 153
Canada —_— : -0.40 (-0.67, -0.13) 376
Japan —_— -0.35 (-0.55, -0.14) 383
Poland —_— -0.32(-0.65, 0.01) 396
Netherlands —_— X 349

I k T 141
US-MEC-Japanese —_— 239
US-USC-Black _— 112
US-Mayo-White —_—— X 376
South Africa —_—— -0.15 (-0.27, -0.04) 360
Iran —_— -0.15 (:0.26, -0.04) 392
Malaysia-Chinese —_— 386
US-USC-White —_— 162
Malaysia-Indian —_— 246
Turkey —_— ) 391
Spain —_— -0.09 (-0.26, 0.07) 757
Australia-Australian —_— -0.09 (0.28, 0.10) 393
Malaysia-Malay —_— -0.08 (-0.26, 0.10) 214
US-MEC-Hawaiian —_—— -0.08 (-0.31, 0.15) 142
Israel-Jewish —_—— 286
Korea —_— 385
Singapore-Chinese —_—— 196
Kenya —_— -0.03 (:0.21, 0.15) 249
Egypt —— -0.02 (-0.10, 0.06) 462
Chile —_—— » 186
Israel-Arab —— 229
India —_ 175

199
394

Singapore-Indian
US-NHS/NHS2-White

UK-Age Trial-White -0.00 (-0.50, 0.50) 157
UK-Eth Black 0.00 (-0.18, 0.18) 208
Hong Kong - 0.01(-0.34,0.35) 192
Singapore-Malay |—— 0.01(-0.06, 0.08) 197
UK-Eth-South Asian —_— 0.01(-0.23,0.26) %
Australia-ltalian _— 0.02 (-0.24, 0.29) 171
US-USC-Asian —_—l 0,03 (-0.33, 0.40) 51
UK-London-White r— 004 (-0.22,0.31) 239
UK-Eth-White —_T— 0.05 (-0.15, 0.25) 244
Mexico —_— 0,06 (-0.15, 0.27) 146
Norway —_——— 0.10 (-0.13, 0.33) 196
Overall (I-squared = 35.9%, p = 0.014) < -0.08 (-0.12, -0.05)
A
T T T T T T T T
-8 -6 -4 -2 o 2 4 6 8

Fig. 3 a-b Forest plots showing the associations between parity and vYMD measures (a: VPMD and b: YDA) for all women (parous and nulliparous)
across the 40 country-ethnicity specific population groups in the ICMD sample. Analyses were adjusted for age at mammogram, BMI, menopausal
status, use of hormone replacement therapy, age at menarche, age at first birth, and image parameters

Amongst parous women, the overall mean age at first
birth was 24.3 years (SD=5.1). Among the population
groups, women in India had the lowest mean age at first
birth (15.4 years, SD=3.4) and the highest was among
Chinese women in Hong Kong (29.0 years, SD=4.7).
Among the parous study sample, 71.8% (n=7,143)
breastfed and the median lifetime breastfeeding duration
for women that breastfed was 10.0 months (interquartile
range (IQR)=28.0 months). Within this study sample,
across the population groups, the group with the low-
est median lifetime breastfeeding duration were white
women in the UK (0.0 months, IQR=6.0) and women in
India had the highest median lifetime breastfeeding dura-
tion (72.0 months, IQR=36.0).

Associations between parity and MD measures

within ICMD

Population-specific meta-analyses showed inverse asso-
ciations between increasing parity and yPMD (B= — 0.05
per birth, 95% CI= — 0.07, — 0.03) and YDA (B= — 0.08
per birth, 95% CI: — 0.12, — 0.05) (Figs. 3(a) and (b)).
Findings were mostly consistent across population
groups for YPMD (I*=2.2%, p=0.430). Moderate het-
erogeneity was found for YDA (I?=35.9%, p=0.014).
Pooled categorical analyses were consistent with findings
from the population-specific meta-analyses and demon-
strated the linear inverse association between increasing

parity and MD. This decreasing pattern was evident
with YPMD and YDA among women with up to at least 9
births, though analysis of categories >8 births were lim-
ited by sample size (Fig. 4 (a) and (b)). For both analytic
approaches, no clear pattern of association was observed
between increasing parity and YNDA (Additional File 1:
Fig. S2(a-b)).

Compared to the main population-specific meta-analy-
sis results, stratified meta-analysis findings did not differ
by menopausal status (Additional File 1: Fig. S3(a-b), data
not shown for vDA or yNDA). However, in the stratified
meta-analyses among pre-menopausal women, moderate
heterogeneity was observed across population groups for
JPMD (I>=48.3%, p=0.001), YDA (I>*=38.8%, p=0.010)
and YNDA (I?*=42.5%, p=0.004) though the sample of
pre-menopausal women was smaller (Additional File 1:
Fig. S3a, data not shown for YDA or YNDA). Compared
to the primary pooled analysis among all women, the pat-
terns observed in the stratified pooled analysis among
pre-menopausal women appeared slightly weaker for
YPMD and were consistent for YDA and vNDA, respec-
tively (Additional File 1: Fig. S4(a) and data not shown
for YDA or YNDA). Findings from the stratified pooled
analyses for post-menopausal women were consistent
for yPMD and vDA to the findings observed in the main
pooled analysis (Additional File 1: Fig. S4(b) and data not
shown for YDA). Analysis of the higher parity categories
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(a) Association between parity categories and VPMD.
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(b) Association between parity categories and VDA.
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Fig.4 a-b Pooled analysis plots showing the associations between parity (categorical) and YMD measures (a: PMD and b: vDA) for all women
(parous and nulliparous) in the pooled ICMD sample. Analyses were adjusted for age at mammogram, BMI, menopausal status, use of hormone
replacement therapy, age at menarche, age at first birth, and image parameters

were limited for the stratified pooled analyses due to the
smaller sample sizes of pre- or post-menopausal women
in those categories. Compared to the main population-
specific meta-analysis findings, sensitivity analyses did
not show any differences between increasing parity
and the YMD measures when nulliparous women were
excluded from the analysis (see Additional File 1: Fig.
S5(a-c)).

Associations between age at first birth and MD measures
within ICMD

Among parous women, positive associations were
observed between YPMD (B=0.06, 95% CI=0.03, 0.10)
and YDA (B=0.06, 95% CI=0.02, 0.10) respectively per
five-year increase in age at first birth (Fig. 5(a) and (b)).
An inverse association was observed for YNDA per five-
year increase in age at first birth (B= — 0.06, 95% CI=
— 0.11, — 0.01) (Additional File 1 Fig. S6(a)). Heteroge-
neity was moderate across population groups for yPMD
(I’=19.8%, p=0.142) and YNDA (I>=22.2%, p=0.112),
and low for VDA (I*=3.9%, p=0.401). In pooled categori-
cal analyses, compared to the reference category (22—
23 years), a consistently increasing pattern beginning at
the youngest age categories (12-21 years) and slowing
down at older age categories (>24 years) was observed
for yPMD (Fig. 6 (a)). No consistent pattern was observed
with ¥yDA (Fig. 6 (b)). For YNDA, a curvature pattern
was observed, increasing initially among women who
first gave birth between age 12-15 years and decreas-
ing among those who gave birth for the first time aged
16-21 years, compared to the reference category (22—
23 years) (Additional File 1: Fig. S6(b).

Population-specific meta-analyses stratified by meno-
pausal status found consistent associations only amongst
those who were post-menopausal women at MD assess-
ment at the time of mammography compared to the
primary meta-analysis findings (Additional File 1: Fig.
S7(a-b)). For stratified pooled analyses, no consistent
trends were observed for vPMD or YDA among pre-
menopausal women, whilst similar patterns were seen
for both YMD measures among post-menopausal women
to those observed in the main pooled analysis among
all parous women in the ICMD sample (Additional File
1: Fig. S8(a-b) and data not shown for ¥YDA). Further,
the patterns observed among pre- and post-menopausal
women for YNDA in the stratified pooled analyses were
consistent with those observed in the primary pooled
analysis (Data not shown).

Associations between breastfeeding and MD measures
within ICMD

Among parous women, no strong evidence of an associa-
tion was found between ever/never breastfed and yPMD
(B= —0.04,95% CI= — 0.11, 0.04), /DA (B= — 0.04, 95%
Cl= - 0.14, 0.06), or YNDA (B= —0.00,95% CI= —0.12,
0.12) (Fig. 7 (a) and (b) and Additional File 1: Fig. S9). No
heterogeneity was observed across population groups for
VPMD (I>=0.0%, p=0.576) or VDA (I>=1.2%, p=0.447).
Whilst heterogeneity between population groups was
low for yNDA (I?=25.5%, p=0.103). Findings from the
meta-analyses stratified by menopausal status were simi-
lar to the findings from the primary population-specific
meta-analysis (Additional File 1: Fig. S10(a-b)).
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(a) Association between a five year increase in age at first birth and
VPMD.

Population Difference in No.
group PMD (95% Cl) wormen
US-MEC-Hawaiian —_— 0.32(066,002) 133
Hong Kong —_— -0.18 (-0.43, 0.07) 126
Malaysia-Chinese —_— 0.06(021,009) 385
US-MEC-White _— -0.06(031,020) 127
Korea —_— -0.05(:0.25,015) 347
Israel-Jewish —— -0.04(024,017) 279
Spain —_— -0.03(0.16,009) 682
Israel-Arab —_— 0.03(024,018) 217
Poland —_— 0.03(0.21,015) 350
US-USC-Black —_— -0.03(0.36,030) o7
US-Mayo-White —_— 0.03(0.21,015) 325
Netherlands —_— 0.01(:0.18, 0.16) 313
Malaysia-indian —_— : 218
Turkey —_— 0.01(-0.13,0.15) 375
Kenya —_— 0.01(-0.16,0.19) 240
Egypt —_— 0,02 (-0.09,0.14) 432
UK-Eth-South Asian —_— 0.04 (-0.27, 0.34) 89
Iran —_— 0.04 (-0.10,0.19) 392
UK-Eth-White 0,07 (-0.11,0.24) 191
Japan —_— 0,07 (-0.16,0.30) 375
Singapore-Indian —_—— 0,07 (-0.12,0.26) 186
Australia-Australian —_—— 0,08 (-0.10, 0.25) 320
US-MEC-Japanese —_— 0,08 (-0.14,0.29) 210
UK-London-White 0.08 (-0.10,0.27) 158
Mexico —_— 0.10 (-0.09, 0.28) 125
Malaysia-Malay —_— 0.11(-0.12,033) 191
South Africa —t— 0.11(-0.05,0.27) 335
UK-Eth Black —_—— 0.11(:0.10,033) 196
UK-Age Trial-White e 0.15(-0.12,041) 138
US-NHS/NHS2-White ——— 0.17(:0.03,037) 350
Singapore-Malay [——— 0.18(0.01,035) 186
Australia-ttalian —_— 0.20 (-0.09, 0.48) 164
US-USC-White —_—— 0.20 (-0.07,047) 132
Chile T 0.21(-001,043) 186
Singapore-Chinese —— 0.23(0.03,0.42) 183
Canada | — 0.28 (0.09, 0.46) 274
Australia-Greek ——————— 029(001,058) 138
India TT———%——————— 0.32(:002,065) 167
Norway | —————— 0.37(0.12,063) 181
Overall (I-squared = 19.8%, p = 0.142) <> 0.06 (0.03,0.10)
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(b) Association between a five year increase in age at first birth and VDA

Population Difference in No.

group DA (95% CI) women
US-MEC-Hawaiian - -0.30 (-0.72, 0.11) 133
Hong Kong - 0.19(0.50,042) 126
US-USC-Black -0.12 (-0.67, 0.42) 97
UK-Eth-South Asian . -0.09 (-0.47, 0.28) 89
US-Mayo-White - 0.09(0.31,044) 325
Israel-Arab -0.08(0.39,024) 217
US-MEC-White : 0.07(0.39,025) 127
Korea -0.06(0.30,047) 347
Malaysia-Chinese —_— -0.06(0.25,013) 385
Israel-Jewish —_—t— -0.06(0.35,023) 279
Poland —_— -0.04(029,021) 350
Turkey —_— -0.04(0.24,047) 375
Netherlands —_— 002(023,019) 313
Malaysia-Malay —_— 0.01(0.30,029) 191
Spain —_— 0.00(0.17,046) 682
Malaysia-indian —_— 0.00(0.29,029) 218
Iran —_— 0,00 (-0.21,0.22) 302
US-MEC-Japanese —_— 0,00 (-0.23,0.23) 210
Japan _— 0,04 (-0.21,0.30) 375
US-USC-White 0.05(-0.38, 0.48) 132
UK-London-White 0,07 (-0.16, 0.30) 158
UK-Eth Black 0.10 (:0.21,041) 196
Australia-Australian 0.10 (-0.12,0.33) 320
Mexico 0.11(:0.19,041) 125
UK-Eth-White 1 012 (:0.12,037) 191
Canada 0.13 ( 36) 274
Egypt r 0.14(-0.04,0.33) 432
Singapore-Indian 0.14(-0.09, 0.38) 186
South Africa - 0.15(-0.07, 0.36) 335
Kenya T 0.15(-0.11,042) 240
Singapore-Chinese 0.18 (-0.06, 0.41) 183
UK-Age Trial-White - 0.18 (-0.18, 0.55) 138
US-NHS/NHS2-White 0.19 (-0.08, 0.46) 350
Australia-ltalian - 0.23(-0.15,0.61) 164
Singapore-Malay — : 048) 186
India 167
Australia-Greek - 0.33(-0.09, 0.74) 138
Chile T 0.33 (0.2, 0.65) 186
Norway | — 0.48(0.18, 0.77) 181
Overall (I-squared = 3.9%, p = 0.401) & 0.06 (0.02, 0.10)
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Fig.5 a-b Forest plot showing the associations between age at first birth and YMD measures (a: vPMD and b: vDA) among parous women
across 39 country-ethnicity specific population groups in the ICMD sample. Analyses were adjusted for age at mammogram, BMI, menopausal
status, use of hormone replacement therapy, age at menarche, parity, and image parameters

(a) Association between age at first birth categories and VPMD.

e b §1¥
S S I S A

T T T T T T T T T T T T
12-15 16-17 18-19 20-21 22-23* 24-25 26-27 28-29 30-31 32-33 34-37 38+
[278] [516] [980] [1,071] [1,703 [1,424] [1,326] [923] [495] [398] [311] [133]

Age at first birth (years), [No. of women in each category]

* Reference category

(b) Association between age at first birth categories and VDA.
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Fig. 6 a-b Pooled analysis plots showing the associations between age at first birth (categorical) and vYMD measures (a: vPMD and b: DA)
among parous women in the pooled ICMD sample. Analyses were adjusted for age at mammogram, BMI, menopausal status, use of hormone

replacement therapy, age at menarche, parity, and image parameters

For lifetime breastfeeding duration, associations
between each six-month increase in lifetime breastfeed-
ing duration and vPMD were (3=0.01, 95% CI= — 0.00,
0.02) and YDA (B=0.01, 95% CI=0.00, 0.03) (Fig. 8 (a)
and (b)). No association was observed with vNDA per
six-month increase in lifetime breastfeeding duration
(Additional File 1: Fig. S11(a)). Low heterogeneity was

found across population groups for both YMD meas-
ures, yPMD (I=16.2%, p=0.224) and YDA (I>=18.7%,
p=0.191). Results from the pooled categorical analyses
showed no consistent pattern between increasing lifetime
breastfeeding duration in categories and the yMD meas-
ures, compared to the reference category (<1 month)
(Figs. 9 (a) and (b) and Additional File 1: Fig. S11(b)).
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Population Difference in No.
group NPMD (95% Cl) women
Hong Kong _—— 0.44(-091,003) 122

tral K 0.40 (-1.15,0.34) 138
Singapore-Chinese —0—\‘ -0.38 (-0.72,-0.04) 183
Canada _0_:'— -0.34 (-0.78,0.09) 274
Turkey —_— -0.28 (-0.76,0.20) 375
Malaysia-Chinese — 0.28 (-0.56, -0.00) 346
Australia-Italian —_— -0.22(-0.83,0.39) 163
Spain —_— 0.13(-0.37,0.11) 681
Singapore-Malay —_—— -0.08 (-0.45,0.28) 186
Egypt —_— 0.06 (0.51,0.38) 432
Iran —_— -0.06 (-0.65, 0.54) 392
Korea —_— -0.00(-0.31,0.30) 345
Netherlands —_— 0.00(-0.34,0.35) 311
US-Mayo-White —_— 0.01(-0.33,0.34) 324
US-NHS/NHS2-White —_— 0.01(-0.33,0.35) 348
Poland —_— 0.03(-0.28,0.34) 350
Singapore-Indian —_— 0.04(-0.34,043) 186
South Africa —_— 0.07 (-0.35,0.49) 335
Israel-Arab —_— 0.08(-0.67,0.83) 187
UK-London-White e 0.08 (-0.47, 0.64) 158
Malaysia-Malay —_—— 0.09(-0.70,0.88) 181
Japan —_— - 0.13(-0.38,0.63) 357
Mexico —_— 0.17 (-0.36,0.69) 124
UK-Eth-South Asian —_— 0.20(-0.48,0.87) 87
Australia-Australian b e s 0.20 (-0.21,0.60) 320
UK-Eth-White —_r 0.23 (-0.15, 0.62) 191
Israel-Jewish —_—tt— 0.26 (-0.27, 0.79) 171
Malaysia-Indian —_— 0.29(-0.19,0.77) 203
UK-Eth Black —_— 0.40 (-0.23, 1.03) 196
UK-Age Trial-White —‘*_0— 0.49(-0.27,1.26) 99
Kenya ' (Excluded) 236
Overall (I-squared = 0.0%, p = 0.576) <G -0.04 (-0.11, 0.04)
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Population Difference in No.
group DA (95% Cl) women
Turkey —_— -0.70 (-1.39,-0.00) 375

trali ! 4 -0.51(-1.54,052) 138
Singapore-Chinese — -0.44 (-0.84,-0.03) 183
Malaysia-Chinese — -0.39 (-0.75,-0.03) 346
Singapore-Malay —_— -0.32(-0.77,0.14) 186
Hong Kong —_—r -0.31(-0.89,0.27) 122
Canada —_— -0.25(-0.80,0.30) 274
Australia-ltalian —_— -0.25(-1.06,0.56) 163
Iran _— -0.22(-1.10,0.67) 392
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Fig. 7 a-b Forest plot showing the associations between ever/never breastfed and vYMD measures (a: VPMD and b: VDA) among parous women
across 30 country-ethnicity specific population groups in the ICMD sample. Analyses were adjusted for age at mammogram, BMI, menopausal
status, use of hormone replacement therapy, age at menarche, parity, age at first birth, and image parameters
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Fig. 8 a-b Forest plot showing the associations between lifetime breastfeeding duration and vYMD measures (a: vVPMD and b: YDA) among parous
women that breastfed across 28 country-ethnicity specific population groups in the ICMD sample. Analyses were adjusted for age at mammogram,
BMI, menopausal status, use of hormone replacement therapy, age at menarche, parity, age at first birth, and image parameters

Compared to findings from the main meta-analysis,
stratified meta-analyses demonstrated similar associa-
tions with the yMD measures per six-month increase in
lifetime breastfeeding duration among pre- and post-
menopausal women (Additional File 1: Fig. S12(a-b) and
data not shown for VDA and YNDA). For pooled categori-
cal analyses stratified by menopausal status, the patterns
observed were consistent with those observed in the

main pooled analysis for lifetime breastfeeding duration
and the YyMD measures (Additional File 1: Fig. S13(a-b)
and data not shown for vDA and vNDA).

Compared to the findings from the primary meta-
analysis examining the association between a six-
month increase in lifetime breastfeeding duration and
the YMD measures, similar associations were observed
in the sensitivity analysis when shorter (<1 month)
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(a) Association between lifetime breastfeeding duration categories and
VPMD.
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(b) Association between lifetime breastfeeding duration categories and
VDA.
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Fig. 9 a-b Pooled analysis plots showing the associations between lifetime breastfeeding duration (categorical) and YMD measures (a: VPMD
and b: /DA) among parous women that breastfed in the pooled ICMD sample. Analyses were adjusted for age at mammogram, BMI, menopausal
status, use of hormone replacement therapy, age at menarche, parity, age at first birth, and image parameters

and longer (>200 months) lifetime breastfeeding dura-
tions were excluded (Additional File 1: Fig. S14(a-
c)). Further, pooled analysis findings did not differ
between increasing lifetime breastfeeding duration
categories and the YMD measures when parous women
that did not breastfeed were included as the refer-
ence category, compared to the main pooled analyses
which only included parous women who breastfed in
the ICMD sample (data not shown). To further inves-
tigate the breastfeeding associations, we conducted
additional analyses to investigate associations between
an approximate per birth breastfeeding duration and
the YMD measures. Meta-analysis findings examin-
ing the associations between a six-month increase in
breastfeeding duration per birth (derived from divid-
ing lifetime breastfeeding duration by parity) and the
YMD measures were: YyPMD (3 =0.03, 95% CI= — 0.01,
0.06), YDA (B=0.05, 95% CI=0.01, 0.09), and YNDA
(B=0.02, 95% CI= — 0.04, 0.07) (Additional File 1: Fig.
S15(a-c)). These findings showed similar associations
for yPMD and YNDA, and stronger for YDA compared
to the primary meta-analysis examining the asso-
ciations between the lifetime breastfeeding duration
exposure and the YMD measures. While the patterns
observed in the pooled categorical analyses for breast-
feeding duration per birth and the yMD measures were
consistent with patterns observed in the pooled analy-
ses examining lifetime breastfeeding duration (Addi-
tional File 1: Fig. S16(a-c)).

Sensitivity analysis

Findings from the sensitivity analyses excluding the five
studies that collected covariate data at least two years
before or after time of mammography did not differ to
the main population-specific meta-analyses examining
the associations between each of the reproductive fac-
tors (parity, age at first birth, ever/never breastfed, or life-
time breastfeeding duration) and the YyMD measures. In
these sensitivity analyses, associations between increas-
ing parity and YPMD were (B= — 0.05 per birth, 95%
CI= — 0.07, — 0.02), /DA (B= — 0.08 per birth, 95% CI:
- 0.12, — 0.04) and YNDA (B=0.00 per birth, 95% CI:
— 0.04, 0.04) (data not shown). Findings from the sensi-
tivity analysis examining the associations between a five
year increase in age at first birth and the yMD measures
were: YPMD (B=0.06, 95% C1=0.02, 0.10), YDA (B=0.07,
95% CI=0.01, 0.12) and YNDA (= — 0.05, 95% Cl=
— 0.11, 0.01) (data not shown). For the breastfeeding
exposures, the associations between ever/never breastfed
and YPMD were (B= — 0.07, 95% CI= — 0.15, 0.04), YDA
(B= — 0.07, 95% Cl= — 0.18, 0.04), and YNDA (B=0.03,
95% CI= — 0.08, 0.15). Whilst findings from the sen-
sitivity analysis examining the association between a
six-month increase in lifetime breastfeeding duration
and the YyMD measures were: YPMD (=0.01, 95% CI=
— 0.00, 0.02), YDA (B=0.01, 95% CI=0.00, 0.03), and
VNDA (=0.01, 95% CI= — 0.00, 0.02) (data not shown).

Discussion

Amongst populations diverse in geography, ethnic-
ity, and lifestyle included within the ICMD, this study
found that increasing parity was inversely associated
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with the YyMD measures, yPMD and vDA. Increasing
age at first birth was positively associated with YPMD
and YDA and inversely associated with YNDA in post-
menopausal women. No consistent patterns of asso-
ciation were observed between breastfeeding measures
including ever/never breastfed and lifetime breastfeed-
ing duration and YMD. These findings suggest that these
reproductive factors differently influence patterns of MD
adjusted for age and BMI.

In the ICMD, consistent with prior literature, we
observed an inverse association between increasing
parity and YMD [11-14, 27]. This reduction in YPMD
would appear to be driven by the subsequent reduction
in YDA as no association was observed between YNDA
and increasing parity. In terms of absolute differences in
PMD and DA based on our findings, using an example of
a woman with three children, 16% PMD and 25 cm? DA
(corresponding to 4% YPMD and 5 cm YDA), a woman
with four children would have approximately 0.4% lower
PMD and 0.8 cm? lower DA. Consistent with our find-
ings, a recent US study conducted by Alexeeff et al. also
reported an inverse association between increasing par-
ity and MD [12]. In their analysis comprised of non-His-
panic white women who were mostly post-menopausal,
MD was lower for women with two children, compared
to women with one child, with further reductions noted
for women with three or more children [12]. Similar to
results from our stratified meta-analysis which suggested
lower YyMD at higher parities did not differ by menopau-
sal status, Yaghjyan et al. observed inverse associations
between average YPMD and increasing parity amongst
both pre- and post-menopausal women within the
Nurses’ Health Study (NHS) and Nurses’ Health Study II
(NHSII) cohorts based in the US [11]. Our study had a
wider range of parities than these studies [11, 12] and we
found the association was evident with increasing parity
up to nine births and for both YMD measures, yPMD and
/DA.

Our findings demonstrated a positive association
between a five-year increase in age at first birth and
YPMD and VDA, and an inverse association with YNDA
among post-menopausal women at MD assessment at the
time of mammography. In terms of absolute differences in
PMD, DA, and NDA based on these findings for women
were post-menopausal at MD assessment, using an exam-
ple of a woman who first gave birth at age 25 years with
16% PMD, 25 cm? DA, and 100 cm? NDA (correspond-
ing to 4% vPMD, 5 cm YDA, 10 cm YNDA), a woman who
first gives birth aged 30 would have higher PMD and DA
by approximately 0.6% and 1.0 cm? and lower NDA by
1.2 cm® When analyses were pooled, compared to the
reference category (22-23 years), the positive associa-
tion with YyPMD was observed only among women who
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first gave birth between ages 12—21 years and the inverse
association with YNDA was observed among those who
first gave birth between ages 16-21 years. This would
suggest that the linear associations between a five-year
increase in age at first birth and vyPMD and vYNDA in the
main meta-analysis are driven by associations observed
among women who first give birth at younger ages as
seen in the pooled analyses. Alternatively, this contrast in
findings may be due to the different classification of age
at first birth in the meta-analysis approach (per five-year
increase in age at first birth) and in the pooled categori-
cal analysis approach (12-15, 16-17, 18-19.... 34-37,
and > 38 years). Alexeeff et al. also observed a posi-
tive association between older age at first birth and MD
reporting increases of 2.4% in PMD and 3.3 cm? in DA
for women aged 40 years and over compared to women
less than 20 years giving birth for the first time [12].
The magnitude of these findings are larger than those
reported in our study, however, this may be due to the
use of a different reference group in their analysis. Our
findings differed by menopausal status, with evidence of
the association between increasing age at first birth and
MD amongst post-menopausal women only and among
post-menopausal women who first gave birth between
ages 12-21 years in pooled analyses. In agreement with
our stratified analysis, Yaghjyan et al. reported a positive
association between older age at first birth and YPMD
(B=0.03, 95% CI=0.01, 0.05) and an inverse associa-
tion with YyNDA (B= — 0.10, 95% CI= — 0.13, — 0.06)
amongst post-menopausal women within the NHS and
NHS II cohorts [11]. In comparison with our findings
within ICMD, Rice et al. found no association between
older age at first pregnancy and MD amongst pre- or
post-menopausal parous women in the Mexican Teach-
ers’ Cohort [28].

The association between breastfeeding and MD is less
clear in the literature [11, 13, 15, 29]. Among parous
women who breastfed in the ICMD, we found no strong
evidence of an association between a six-month increase
in lifetime breastfeeding duration and ¥YMD. Similarly,
when analyses were pooled among all the population
groups, compared to the reference category (<1 month),
we observed no consistent pattern between longer life-
time breastfeeding durations and the YMD measures.
In comparison with results from our stratified pooled
analyses in which we observed similar trends as in the
main analysis among pre- and post-menopausal women,
Yaghjyan et al. reported significantly increasing trends
with YDA and VNDA as lifetime breastfeeding dura-
tion increased among pre-menopausal women in the
NHS and NHSII cohorts [11]. Rice et al. found a signifi-
cant increase in PMD among pre-menopausal Mexican
women who breastfed for 12 months or longer [28]. In
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both studies, Yaghjyan et al. and Rice et. al used differ-
ent breastfeeding duration categories compared to our
study and furthermore, Rice and colleagues used a differ-
ent MD assessment method in their analysis compared to
the MD assessment method used in this study [11, 28].
A recent US study conducted by Getz et al. which exam-
ined associations between breastfeeding and volumet-
ric measures of MD, reported a reduction in volumetric
PMD among parous women with a BMI less than 25 kg/
m? who breastfed up to six months [29]. Furthermore,
they found an inverse association between dense vol-
ume and breastfeeding but neither of these findings dif-
fered by menopausal status [29]. Our findings from the
sensitivity analyses examining the associations between
breastfeeding duration per birth and the yMD measures
were generally consistent with the findings from the
primary analyses that examined lifetime breastfeeding
duration. This analysis demonstrated a stronger positive
association between a six-month increase in breastfeed-
ing duration per birth and YDA. However a limitation of
this analyses was that this information was not available
within the ICMD and we derived this exposure by divid-
ing lifetime breastfeeding duration by parity. Therefore,
this variable assumes that women breastfed each child
for the same duration and thus likely does not account
for variability in breastfeeding length between different
births and among women that breastfed in the ICMD
sample. Variations in findings between studies continue
to highlight the need for further research in this area to
understand breastfeeding and MD associations.

The associations between reproductive factors and
breast cancer risk have been well studied to date [3,
7, 30-32]. A potential mechanism underpinning these
associations is the differentiation of breast tissue due to
the hormonal, structural, and cellular changes in prep-
aration for birth and lactation [33, 34]. It is hypoth-
esised that the undifferentiated lobular structures in
the breast tissue of a nulliparous woman are more sus-
ceptible to carcinogenesis through exposure to endog-
enous hormones or environmental exposures [33].
For women who first give birth at younger ages, these
pregnancy-induced changes in the breast tissue occur
as the breast tissue is still developing and reduces the
period of time between menarche and pregnancy when
the breast tissue may be more susceptible to carcino-
genesis [33]. While breast cancer risk was not analysed
in this study, a mediation analysis by Rice et al. among
women in the NHS and NHSII cohorts found that the
association between a five-year increase in age at first
birth and breast cancer was partially mediated by PMD
(13%, p=0.05), and a 12-month increase in breast-
feeding duration and breast cancer risk was not medi-
ated by PMD among post-menopausal women [35].
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Regarding parity, an analysis of four case—control stud-
ies estimated that MD explained less than 17% of the
association between parity and breast cancer risk [36].
Therefore, while MD may partially mediate the associa-
tions between parity and age at first birth with breast
cancer risk, further research is needed to elucidate the
biological mechanisms driving the association between
breastfeeding and breast cancer risk.

Strengths of conducting this study within the ICMD
include the opportunity to examine these associations
across diverse international and ethnic population groups
that include women with highly varied reproductive pat-
terns including high parity, young ages at first birth, and
long lifetime breastfeeding durations. These childbearing
patterns are not typical in more recent studies of Western
populations due to the historical fertility transition that
occurred over time with increased access to education,
healthcare, and employment opportunities [37]. Limita-
tions of this study include the differences in how expo-
sure variables were defined at the study level within the
ICMD which may have influenced the findings. In some
studies, the exposure variable, parity, was defined as
‘births, while in other studies, it was defined as ‘full term
births; ‘live births’ ‘pregnancies, ‘>6.5/7 months, born
live or dead’ or ‘children’ [22]. Similar variation was also
present for the definition of age at first birth at the study
level, as this is linked with the definition for parity. For
multiparous women who breastfed each child, cumula-
tive breastfeeding duration was self-reported which may
be prone to bias. As the ICMD pooled data from exist-
ing studies, data on ever/never breastfeeding and lifetime
breastfeeding duration were not available for all of the 40
population groups within the consortium.

In conclusion, we examined the associations between
reproductive factors and MD adjusted for age and BMI
among women within the ICMD. We observed an inverse
association between increasing parity and YPMD and
VDA and no strong evidence of an association between
ever/never breastfeeding or duration of breastfeed-
ing with YyMD. We found a positive association between
increasing age at first birth and vyPMD and YDA and an
inverse association with YNDA in women who were
post-menopausal at MD assessment. Our findings high-
light differing reproductive patterns across 40 country-
ethnicity-specific population groups and the influence
of these patterns on MD and breast tissue composition.
Future research is needed to evaluate reproductive-
related changes in the complex composition of the breast
tissue and if these changes partially explain the asso-
ciation between reproductive factors and breast cancer
risk. Improving our understanding of these reproduc-
tive factors may extend our knowledge of MD associated
breast cancer risk and help further our understanding of
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differing breast cancer patterns among diverse popula-
tion groups.
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