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Background: Breast cancer (BC) has been increasing globally, though it is unclear whether the increases are
seen across all age groups and regions and whether changes in rates can be primarily attributed to decreasing
fertility rates. We investigated age-specific trends in BC incidence and mortality from 1990 to 2017, world-
wide and by region, and evaluated whether incidence trends are explained by decreases in fertility.
Methods: We used country-level data to examine trends in BC incidence and mortality rates from 1990 to
2017 by region and age group. Linear mixed models were used to estimate age-specific rates from baseline
models of year and were compared to fertility-adjusted models for incidence.
Results: The global BC mortality rate increased overall by 0.23% per year (95% CI=0.20, 0.25), with statistically
significant increases in the under 50 and 70 and over age groups, and in 5 out of 7 regions. The global BC inci-
dence rate increased overall by 1.44% per year (95% Cl=1.42, 1.47), with statistically significant increases in all
age groups, and in 6 out of 7 regions. After adjusting for fertility, the incidence annual percent change (APC)
remained statistically significant (APC=0.84, 95% CI=0.81, 0.88), in all age groups, and in 6 of 7 regions.
Interpretation: The global increase in BC mortality is seen in most age groups and regions. The global increase
in BC incidence is seen in all age groups and is highest in women under 50; increases remained in most
regions even after considering declining fertility rates.
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by age group [2,8,9]. A study in 2020 found that BC incidence in
women under 50 years increased in 20 of 44 populations across the
globe from 19982012, most of which were in HIC, whereas BC inci-
dence in women 50 years and older increased in 24 of 44 populations,
mostly in countries undergoing socioeconomic transitions [6]. BC

1. Introduction

Breast cancer (BC) is the most common cancer and the leading

cause of cancer death for women worldwide [1], but the burden of BC
incidence and mortality varies by geographical region [2]. Multiple
studies have found that BC incidence is highest in high income and
high-middle income countries (HIC and HMIC, respectively) in North-
ern America, Australia/New Zealand, and regions of Europe — ranging
from 85.8 to 91.6 cases per 100,000, whereas BC mortality rates are
highest in regions of Africa and Oceania, which include mostly low-
middle income and low income countries (LMIC and LIC, respectively)
— ranging from 17.4 to 20.1 deaths per 100,000 [2—-6].

The overall rates of BC incidence and mortality for the world pop-
ulation have continuously increased since registries began capturing
data in 1990 [1,7], although trends vary by geographical region and
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mortality rates have decreased over time in most HIC but remain
high and are increasing in many LMIC and LIC [4].

Little is known about the major drivers of changing BC incidence
and mortality rates across geographical regions and time, particularly
for women under 50 years [6]. Differences in BC mortality rates
across geographical regions might be driven by differential access to
medical care, impacting timeliness of detection, treatment, as well as
quality of treatment [10—12]. The increasing number of cancer cases,
particularly common cancers such as BC, may in part be driven by
increased lifespans around the world [13—15]. However, if cancer
risk is also increasing in younger age groups, the increase in incidence
cannot be fully explained by aging of the population. Differences in
the incidence of BC might also be driven by lifestyle factors, such as
delayed and reduced childbirth [2,5,16], that have been consistently
associated with BCrisk [17,18]. Yet, few studies have investigated the
effects of childbearing behaviors, which vary geographically [19], on
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Research in context

Evidence before this study

Breast cancer (BC) has been increasing globally, though it is
unclear whether the increases are seen across all age groups
and regions and whether the changes in rates can be primarily
attributed to decreasing fertility rates. We searched PubMed
using search terms “global” and “breast cancer” with different
combinations of “incidence rate*”, “mortality rate*”, “trend*”,
“fertility”, “parity”. We searched for primary research and
review articles from January 1, 2000 to September 15, 2020,
written in English, that examined global BC incidence and mor-
tality trends and accounted for changes in fertility. Most studies
focused on BC rates worldwide across all age groups and/or
were focused on a specific region. We found few studies that
investigated BC trends and accounted for fertility rates, none of
which examined BC and fertility rates globally.

Added value of this study

We examined whether the increasing BC rates across the globe can
be explained by changes in fertility rates. This study provides
empirical evidence that BC incidence and mortality rates are signifi-
cantly increasing globally, across age groups, regions, and age
groups within regions, and that incidence trends cannot be
explained by declines in fertility rates. These findings do not sup-
port the argument that declining fertility trends are responsible for
increasing incidence trends and support the need for more research
on environmental and extrinsic factors explaining these trends.

Implications of all the available evidence

The global increase in BC mortality is seen in most age groups
and regions; the global increase in BC incidence is seen in all
age groups and is highest in women under 50 years; the
increases in incidence remained even after considering declin-
ing fertility rates. These temporal trends demand further inves-
tigation of environmental factors that have changed over the
same time period.

global BC rates over time. We recently conducted a study using his-
torical data from the Connecticut Tumor Registry and found that the
incidence rate of BC has been increasing in the state since at least
1935 for women of all ages, including women under 40 years, and
these increases cannot be attributed to decreases in parity as the
increase occurred long before the baby boom [20].

In this study, we compare nearly 30 years of data by world region
(East Asia Pacific, Europe Central Asia, Latin America Caribbean,

Table 1
Descriptive statistics of world regions.

Middle East North Africa, North America, South Asia, Sub-Saharan
Africa), to answer the following questions: 1.) Do changes in global
BC incidence and mortality rates differ by age group and region, par-
ticularly in women under 507 2.) Do changes in fertility rates over
time explain trends in incidence?

2. Materials and methods
2.1. Data sources

We used publicly available and deidentified data from the Global
Health Data Exchange (GHDx)[21] and World Bank[22]. As we only
used country-specific rates, this study was exempt from ethical
review and informed consent according to Code of Federal Regula-
tions (45 CFR 46.101(b)). This study complies with Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) report-
ing guideline for observational studies.

The GHDXx is a data catalog out of the Institute for Health Metrics
Evaluation (IHME) and produces estimates of burden of diseases, includ-
ing BC. GHDx estimates are created from a repository of input data,
which includes data directly obtained from data holders and publica-
tions (i.e., administrative records, surveillance data, vital registration).
BC data used in this study are compiled from 4117 data input sources
for mortality, and 447 data input sources for incidence, including cancer
registries and vital registries [21,23]. A list of citations for data input
sources used for this study have been provided in eReference 1. Annual
data on BC incidence and mortality rates were pulled for all available
years, 1990 — 2017, by country. We conducted analyses on BC incidence
and mortality rates using World Population age-standardized and age-
specific rates. For our fertility variable, we used total fertility rates (TFR)
from the World Bank. The World Bank collects data from international
demographic data sources to create global indicators [22]. Fertility rates
were pulled by country for years 1970 — 2007. We selected the period
1970 — 2007 to allow up to a 20-year lag for incidence data. A 10-year
lag was used for overall (all ages) rates and for the under 50 and 50—69
age groups; a 20-year lag was used for the 70 and over age group.

2.2. Statistical analysis

We modeled secular trends in log-transformed country-level BC
incidence and mortality rates using a linear mixed model with a ran-
dom intercept and fixed linear time, or

In(y) = Bo+ BiXii + BaZei + Ui + &4

where y,; is the BC rate in year t for i country, X, is fixed linear time
(year), Z; is TFR, and u; represents the random intercept for each
country. We evaluated models stratified by country, age group (under
50 years, 50—69 years, and 70 and over years), and region, as well as
by both age group and region. We included cross-product terms in

Region Summary

Region Countries (n) Mean Total Fertility Rate* Mean Total Fertility Rate by Decade® Average Age-Standardized Rates”

1980-1989 1990-1999 2000-2007 Incidence Mortality Income classification®
East Asia & Pacific 27 34 39 33 2.8 31.0 11.7 Lower-Middle Income
Europe & Central Asia 47 2 2.3 1.9 1.7 68.2 221 High Income
Latin America & Caribbean 33 32 3.7 3.1 2.6 38.8 17.4 Upper-Middle Income
Middle East & North Africa 20 42 55 4.0 3.0 323 15.7 High Income
North America 2 2 2.1 1.9 1.9 105.9 22.0 High Income
South Asia 8 4.7 5.7 4.6 3.6 215 15.0 Lower-Middle Income
Sub-Saharan Africa 48 5.9 6.4 5.8 53 244 18.6 Low Income
Total 185 3.7 43 3.6 3.2 16.9 43.8

¢ Mean Total Fertility Rate is the average fertility rate from 1980—2007, allowing for a 10-year lag, by region.

b Age-standardized rates per 100,000, averaged over 1990—2017, by region.
¢ Income classification represents the majority income group per region.
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Fig. 1. Temporal trends in breast cancer incidence and mortality rates, age-standardized (all ages) and in women under 50 years, by world region.
(A) Age-standardized incidence rates (all ages), by region. (B) Incidence rates for women under 50, by region. (C) Age-standardized mortality rates (all ages), by region. (D) Mor-

tality rates for women under 50, by region.

models to test whether trends differed by age and region. We com-
pared baseline models to models adjusted for country-level annual
fertility rates using the Akaike information criterion (AIC). To assess
trends, we calculated annual percent change (APC) [APC = (e — 1) x
100] globally, regionally, and by country. We performed a sensitivity
analysis using different TFR lags, which included 5, 10, and 20 years.

We also performed a sensitivity analysis evaluating incidence APCs in
models further adjusted for percent of female survival to 65 years;
we used data from the World Bank for years 1990-2017 [24]. All
trend analyses were performed using SAS statistical software version
9.4 (SAS Institute Inc., Cary, NC). A P value of 0.05 for a 2-sided
hypothesis test was considered statistically significant.



4 S.M. Lima et al. / EClinicalMedicine 38 (2021) 100985

Table 2

Annual percent change in breast cancer mortality rates, globally and by region and age group, 1990—-2017.

. Overall (all ages) Under 50 50-69 70 and Over
World Region
APC (95% Cl) APC (95% CI) APC (95% ClI) APC (95% Cl)
Global (all regions) 0.23(0.20, 0.25) 0.09 (0.04,0.13) | -0.07(-0.11, -0.04) 0.66 (0.63, 0.70)
East Asia/Pacific 0.56 (0.51, 0.61) 0.75 (0.66, 0.85) 0.12 (0.05, 0.20) 0.81 (0.74, 0.88)

Europe/Central Asia

-0.55 (-0.60, -0.50) | -1.23 (-1.32, -1.14)

-0.80 (-0.87,-0.72) | 0.40(0.32, 0.47)

Latin America/Caribbean 0.56 (0.52, 0.60)

0.67 (0.59, 0.76)

0.29 (0.22, 0.35) 0.73 (0.67, 0.79)

Middle East/North Africa 0.36 (0.28, 0.44)

0.45 (0.29, 0.61)

-0.04 (-0.16,0.08) | 0.68 (0.56, 0.79)

North America

-1.75 (-1.86, -1.65) | -1.96 (-2.10, -1.83)

-1.03 (-1.11, -0.95)

South Asia 0.41(0.31, 0.51)

0.20 (0.02, 0.38)

0.06 (-0.10, 0.23) 0.95 (0.80, 1.10)

Sub-Saharan Africa 0.56 (0.52, 0.60)

0.53 (0.44, 0.61)

0.34 (0.28, 0.41) 0.82 (0.76, 0.87)

Notes: Annual percent change (APC) and 95% confidence interval (CI) estimated from a linear mixed model with a random inter-
cept and fixed linear time. APCs in italics are not statistically significant. Positive APCs, which indicate increasing mortality over
time, are in red (color shading darkens with increasing values); negative APCs, which indicate decreasing mortality over time, are

in blue.

2.3. Funding

This study was conducted using the resources of the Breast Cancer
Research Foundation (Dr Terry) and National Cancer Institute
(T32CA094061). The funders had no role in the design and conduct of
the study; collection, management, analysis, and interpretation of
the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

3. Results

We analyzed BC and fertility data for 185 countries split into 7
regions, as classified by the World Bank, with the number of coun-
tries (n) in each region as follows: East Asia Pacific (n = 27), Europe
Central Asia (n = 47), Latin America Caribbean (n = 33), Middle East
North Africa (n = 20), North America (n = 2), South Asia (n = 8), and
Sub-Saharan Africa (n = 48). Table 1 shows, by region, descriptive sta-
tistics of mean TFR, mean TFR by decade, average age-standardized

Table 3

incidence and mortality rates, and income classification. Sub-Saharan
Africa had the highest mean TFR; Europe Central Asia and North
America had the lowest mean TFR. All regions showed decreases in
mean TFR over time, and all regions except North America had
decreases in mean TFR each decade. North America and Europe Cen-
tral Asia had the highest age-standardized incidence and mortality
rates, averaged over 1990—-2017; South Asia had the lowest inci-
dence rate, and East Asia Pacific had the lowest mortality rate. There
is a nearly three-fold difference in average incidence rates between
high-income (North America and Europe Central Asia) and low-
income (Sub-Saharan Africa) regions.

Fig. 1 shows the BC incidence and mortality rates over time, age-
standardized (overall — includes all age groups) and for women
under 50, by region. BC incidence rates have been increasing from
1990-2017 for all regions except North America, with rates increas-
ing on average 1.6-fold overall and for women under 50. Mortality
rates increased for 4 out of 7 regions, with rates increasing on average
1.1-fold overall and for women under 50.

Annual percent change in breast cancer incidence rates, globally and by region and age group, 1990-2017, unadjusted and

adjusted for country-level fertility rates.

Overall (all ages)

World Region
APC (95% Cl)

Under 50
APC (95% Cl)

50-69
APC (95% Cl)

70 and Over
APC (95% Cl)

Unadjusted for country-level fertility rates

1.44 (1.42, 1.47)
1.76 (1.70, 1.81)
1.00 (0.96, 1.05)
1.70 (1.66, 1.74)

Global (all regions)

East Asia/Pacific
Europe/Central Asia
Latin America/Caribbean
Middle East/North Africa
North America

South Asia

Sub-Saharan Africa

-0.62 (-0.72, -0.53)
1.72 (1.63, 1.80)
1.18 (1.14, 1.22)

1.55 (1.50, 1.60)

0.65 (0.56, 0.74)

-0.51 (-0.74, -0.29)

1.34 (1.26, 1.43)

1.28 (1.24, 1.31)
1.42 (1.32, 1.52)
1.01 (0.94, 1.08)
1.54 (1.48, 1.61)

1.51 (1.47, 1.54)
1.63 (1.53,1.72)
1.35 (1.28, 1.42)
1.60 (1.53, 1.67)

-0.89 (-1.00, -0.77)
1.38 (1.25, 1.52)
1.05 (0.99, 1.11)

-0.46 (-0.56, -0.37)
1.81 (1.66, 1.95)
1.15 (1.09, 1.20)

Adjusted for country-level fertility rates

Global (all regions)
East Asia/Pacific
Europe/Central Asia

0.45 (0.39, 0.50)

0.84(0.81,0.88) | 0.72(0.65,0.79) | 0.77(0.72, 0.82)
1.72 (1.63, 1.8) 1.50 (1.35, 1.64)

0.00(-0.11,0.11)

1.02 (0.97, 1.07)
1.35 (1.20, 1.49)
1.08 (0.98, 1.19)

0.41 (0.32, 0.51)

Latin America/Caribbean 1.35(1.27, 1.43)

1.65 (1.49, 1.8)

1.14(1.02,1.27) | 1.18(1.03,1.33)

Middle East/North Africa 0.28 (0.11, 0.44)

0.24 (-0.09, 0.56)

-0.09 (-0.35,0.17) || 1.81(1.54, 2.08)

North America
South Asia
Sub-Saharan Africa

0.78 (0.71, 0.85)

-0.58 (-0.68, -0.47) | -0.51 (-0.73, -0.28) | -0.76 (-0.90, -0.63) | -0.41 (-0.57, -0.25)

0.71 (0.56, 0.86)

1.60 (1.35, 1.85)
0.87 (0.80, 0.94)

0.78 (0.68, 0.89)

Notes: Annual percent change (APC) and 95% confidence interval (CI) estimated from a linear mixed model with a random inter-
cept and fixed linear time. APCs in italics are not statistically significant. Positive APCs, which indicate increasing incidence over
time, are in red (color shading darkens with increasing values); negative APCs, which indicate decreasing incidence mortality

over time, are in blue.
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(A) APC against age-standardized incidence rate, by region
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Fig. 2. Annual percent change in breast cancer incidence compared against absolute breast cancer incidence rate in 2017 and total fertility rate in 2007 for each country, grouped by

world region, overall (age-standardized) and in women under 50.

APC = annual percent change. Y-axis: incidence rate (per 100,000) in 2017; X-axis: APC from 1990 to 2017. The three left panels, (A), (B) and (C), show the APC, incidence rates
and fertility rates for overall age; the three right panels, (D), (E), and (F), show the APC, incidence rates, and fertility rates for women under 50 years. The top panels, (A) and (D),
show APCs of the time-trend, base model and incidence rates; the middle panels, (B) and (E), show APCs from the fertility-adjusted model and incidence rates; and the bottom pan-

els (C) and (F), show APCs from the fertility-adjusted model and total fertility rates.

3.1. Mortality

The global APC for BC mortality increased by 0.23% (95% confi-
dence interval (CI)=0.20, 0.25) per year since 1990 (Table 2). Age-
stratified APCs were statistically significant and positive for two of
the three age groups: under 50 (APC=0.09, 95% CI=0.04, 0.13) and 70
and over (APC=0.66, 95% CI=0.63, 0.70). Europe Central Asia (APC=
—-0.55, 95% CI=-0.60, —0.50) and North America (APC= —1.75, 95%
CI=—1.86, —1.65) are the only regions in which mortality decreased
over time; mortality rates increased in all other regions, ranging from

0.36% per year (95% CI=0.28, 0.44) in Middle East North Africa to
0.56% per year in East Asia Pacific (95% CI=0.51, 0.61), Latin American
Caribbean (95% CI=0.52, 0.60) and Sub-Saharan Africa (95% CI=0.52,
0.60). North America has the largest change in mortality within each
age group, with the largest change among women 50-69 years
(APC=-2.26, 95% Cl=—2.39, —2.13). The largest increase in mortality
was observed in the 70 and over age group in South Asia (APC=0.95,
95% CI=0.80, 1.10). All regions had a statistically significant positive
APC for under 50 mortality except Europe Central Asia and North
America.
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3.2. Incidence

Global BC incidence increased by 1.44% (95% Cl=1.42, 1.47) per
year since 1990 (Table 3). BC incidence has significantly increased in
all age groups since 1990, ranging from 1.28% per year (50—69) to
1.55% per year (under 50). As for regional changes in incidence, all
regions except North America have statistically significantly
increased. Middle East North Africa had the largest per-year increase
in overall incidence (APC=2.38, 95% CI=2.29, 2.47). North America is
the only region with a decrease in overall incidence (APC=—-0.62, 95%
CI=—0.72, —0.53). Similar patterns were seen when stratified by
region and age group. We found incidence trends were statistically
significantly different by age groups within region.

After adjusting for country-level fertility trends, the global APC
was reduced but remained positive and statistically significant
(APC,gjustea=0.84, 95% CI=0.81, 0.88). This was also true for all age
groups: under 50 (APC,gjustea=0.72, 95% CI=0.65, 0.79), 50—69 years
(APCagjustea=0.77, 95% C(I=0.72, 0.82), and 70 and over (APChq.
justea=1.02, 95% CI=0.97, 1.07). Positive APCs remained across regions
after adjusting for fertility but with some variation in the direction of
change — e.g., lower after adjustment but still positive: Middle East
North Africa (APC changed from 2.38% to 0.28%), and higher after
adjustment: South Asia (APC changed from 1.72% to 2.24%). Positive
APCs also remained after adjusting for fertility trends for age groups
within region.

Fig. 2 shows overall and under 50 APCs, before and after fertility
adjustment, compared against 2017 incidence rates and 2007 fertility
rates for every country, grouped by region. The under 50 incidence
rates ranged from under 10 cases to over 90 cases per 100,000. The
APC ranged from —1% to 6% (Burundi, APC = —1.4; Libya, APC = 6.2),
with the majority of countries having an APC between >0% and 5%.
After adjusting for fertility, the APC ranged from —13% to over 20%.
Though some countries shifted to a negative APC, the majority of
countries had a positive APC after fertility adjustment. In each panel
of Fig. 2, overall findings are consistent after adjustment for fertility
across each region. eFig. 1 shows the patterns of BC incidence under
50 and fertility rates from 1990 (averaged over 1990—-1994) to 2017
(averaged over 2013-2017) by region. Each region shows a decline
in fertility, though not every region has an increase in incidence rate;
North America and South Asia show a decrease in incidence from
1990 to 2017. In the bottom panel of eFig. 1, we show the 1990 to
2017 change in under 50 fertility and incidence rates for the coun-
tries with the highest and lowest APC, prior to fertility adjustment,
for their region.

Of the 185 countries analyzed, 152 countries had a statistically
significant positive APC for overall incidence before adjusting for fer-
tility; after fertility adjustment, 97 countries had a significant positive
APC (eTable 1). For incidence in women under 50, 147 of the 185
countries had a statistically significant positive APC before adjusting
for fertility; after fertility adjustment, 106 countries had a significant
positive APC.

Our sensitivity analysis had consistent results regardless of lag-
time (eTable 2). Further, the direction (positive or negative) and sta-
tistical significance of regional APCs did not change after further
adjustment for percent female survival to 65, except for Middle East
North Africa (eTable 3).

4. Discussion

Using 27 years of incidence and mortality data from 185 countries,
we found that BC mortality rates have been increasing at a statisti-
cally significant rate for women under 50 and 70 and over, and in
every world region, with the exception of Europe Central Asia and
North America. We also found that incidence rates for every age
group and every world region, other than North America, have been
statistically significantly increasing since 1990, even after adjusting

for fertility rates. The global increase in BC incidence is seen in all age
groups, and is highest in women under 50 years, and therefore can-
not be fully explained by increases in life expectancy; the increases
remained, with few exceptions, after considering declining fertility
rates.

To our knowledge, this is the only study to examine global BC
rates by age group, region, and age groups within regions, as well as
to adjust for fertility. Our findings are consistent with previous stud-
ies that have found significant increases in global BC mortality and
incidence rates [1,7], with variations in rates by region and age group,
particularly for mortality rates [8,25]. Torre et al. found BC mortality
was higher in HIC and HMIC when evaluating rates for 2003—-2007,
but we found that this is no longer always the case when we evalu-
ated mortality rates for 1990—2017. Our data suggest Sub-Saharan
Africa (LIC) now has higher mortality rates than Europe Central Asia
and North America (HIC) and support recent findings on global dis-
parities in BC mortality rates [6,25]. The decrease in BC mortality in
North America and Europe Central Asia is likely due to population-
level BC screening (which has been shown to increase BC incidence
but decrease BC mortality), early diagnosis, and advances in BC treat-
ment [26]. Conversely, the increasing BC mortality in the other five
regions may be due to a lack of population screening programs and
thus late-stage diagnosis, and barriers to treatment and cancer care
[27].

This study also corroborates findings that LMIC and LIC countries
have experienced a faster increase in BC incidence in recent decades
[1], which is consistent with the World Health Organization (WHO)
prediction that LIC and LMIC will make up 70% of increased cancer
burden by 2030 [28]. In testing the hypothesis that the declining fer-
tility rate is a driver of increased BC rates, we found BC incidence
rates statistically significantly increased in all age-specific strata and
nearly all region-specific strata, regardless of fertility. The APC
remained positive and statistically significant in 6 regions, and in 15
out of 21 age-region-specific groups, with the exception of Europe
Central Asia (under 50), Middle East North Africa (under 50, 50—69),
and North America (all age groups). This is notable considering fertil-
ity rates for each region have been declining throughout the time
period. We even saw an increase in APC after adjusting for fertility in
some regions and countries, such as in South Asia (overall, under 50,
50-69). These findings support that the declining fertility rates do
not explain the increasing BC trends [20,29]. Future studies should
consider the role of other BC-related risk factors, including alcohol
consumption, sedentary behavior, and obesity (for women over 50
years), [6,30—32] which are prevalent in HIC and have been increas-
ing globally [33,34].

The trend analysis also revealed important findings particularly
when examining specific countries. Two countries, Libya and Bhutan,
offer an interesting counterfactual consideration (eFig. 1). Both coun-
tries had similar starting points —— similarly high fertility rates in
1970 (Libya: 6.7 children per woman; Bhutan: 6.4 children per
woman) and low incidence rates in 1990 (Libya: 11.2 cases per
100,000; Bhutan:10.3 cases per 100,000). Additionally, these coun-
tries experienced similar declines in fertility to 2007 (Libya, 2007: 2.5
children per woman; Bhutan, 2007: 2.9 children per woman); how-
ever, these countries have a 3-fold difference in incidence rate by
2017. Bhutan had a slight increase in incidence rate (12.5 cases per
100,000), whereas Libya experienced a much larger increase (41
cases per 100,000). If fertility trends were a true primary driver of
increasing BC incidence, we would expect these countries with nearly
identical starting fertility rates, starting incidence rates, and end fer-
tility rates to have similar end incidence rates. These country specific
contrasts may prove useful in developing new hypotheses about BC
etiology.

Other reports have focused on parity differences to explain BC
trends [16,35—-37]. For example, using data from the U.S., Pfeiffer
et al. examined trends in parity and BC incidence for 1980 — 2008
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and found parity to be a driver of increasing rates [35]. When we
examined data in the U.S. using a longer time horizon (e.g., 1935 —
2015), we found increases in BC incidence even during high rates of
parity [20]. While there is a high correlation between absolute rates
of BC incidence and fertility, particularly when evaluating differences
between HIC and LIC, we found that fertility trends do not fully
explain the increase in BC. We found unexplained significant
increases in BC trends even in regions that have been proposed to
have lower BC rates because of higher parity rates, such as Sub-
Saharan Africa [36].

To examine whether increasing BC rates are driven by longer life-
spans, we focused on detailed age-specific analyses. We found signifi-
cant increases in mortality and incidence rates in women 70 and over,
evidence that increased lifespan is contributing to higher rates of BC.
However, the increases in incidence for under 50 were just as strong,
and even stronger in 5 out of 7 regions and 69% of countries compared
to overall (all age groups combined) changes. Additionally, most of our
inferences remained the same after further adjusting for the percent of
women surviving beyond 65 years in our sensitivity analysis.

This study had many strengths including the inclusion of data
from 185 countries in all regions of the world for 27 years. Although
the quality of cancer incidence and mortality data has been shown to
vary by country, the similarity in inferences across very different set-
tings strengthens the overall conclusion that declining fertility rates
cannot be responsible for increasing BC incidence rates. Although
increases in screening and BC awareness may contribute to rising
incidence rates, they also cannot explain the overall pattern and par-
ticularly cannot explain the pattern below age 50, as BC screening
generally starts at 50 or over in countries that have routine screening
[38]. We also found that our results were consistent when we consid-
ered different lag times (5, 10, and 20 years).

The study is not without limitations. First, we did not have indi-
vidual level fertility and BC data. Thus, it is possible that another fac-
tor or factors could explain our findings. For this to be the case,
though, the omitted factors would have to be correlated with fertility
rates in the same way across countries and regions of the world. Sec-
ond, all countries have experienced declines in fertility since 1970,
with the exception of Chad, Democratic Republic of Congo, and
Timor-Leste —— which all had higher fertility rates in 2007 compared
to 1970 but had no changes in APC after adjustment (eTable 4). Thus,
we are unable to substantially consider the effect of increasing fertil-
ity on BC incidence rates. We previously investigated a similar ques-
tion using 80 years of U.S. data from the State of Connecticut to
specifically address whether the increase in BC incidence started
before parity rates declined. We do not have the advantage of a lon-
ger time horizon in these analyses. However, the sheer number of
countries in this study allows us to create contrasts by observing
countries with similar fertility and BC rates undergo different
changes in BC rates over time. Such country specific contrasts are
useful for hypothesis generation on novel risk factors that may be
driving the increase. Third, we are unable to separately address
delayed timing of pregnancy, which could contribute to higher rates
of BC from pregnancy-associated BC risk [39]. Finally, we focused
only on fertility rates because parity remains one of the key estab-
lished risk factors for breast cancer. It is possible that temporal
changes in other risk factors such as obesity, alcohol consumption, or
hormone replacement therapy [40,41] may partially explain
increases in incidence, but these factors still differ substantially by
countries and regions which means that they are unlikely to fully
explain the changes in incidence.

This comprehensive analysis of global BC rates addresses whether
rising rates can be explained by declining fertility rates or longer life
expectancy. We found that while both may partially explain the
trends, they cannot fully explain the trends, particularly in women
under 50 years. These data support the need for research focused on
the role of environmental exposures in the development of BC, given

that genetic factors cannot explain change over such short time hori-
zon. The urgency and potential public health impact of identifying
environmental drivers of cancer risk is underscored by the fact that
BC is only one of several types of cancer currently increasing in youn-
ger adults.
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