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Abstract

Background: Cancers of the corpus uteri—primarily of the endometrium—rank as the sixth most common neoplasm in
women worldwide. Analyses of the global patterns and trends of uterine cancer rates are needed in view of the ongoing obe-
sity epidemic, a major risk factor for the disease.
Methods: Data on endometrial cancer (ICD-10 C54) incidence from population-based cancer registries in 43 populations, pub-
lished in CI5plus or by registries, were extracted for 1978 to 2013. Age-standardized incidence rates were computed for all ages
and for pre- (25–49 years) and postmenopausal ages (50 years and older). Temporal trends were assessed with Joinpoint analysis,
and the effects of birth cohort and year of diagnosis on the overall trends were examined using age-period-cohort modeling.
Results: In 2006 to 2007, rates varied 10-fold across countries. The highest rates were in North America, Eastern and
Northern Europe (19 cases per 100 000 among whites in the United States, 95% confidence interval [CI] ¼ 18 to 20, and in
Slovakia, 95% CI¼18 to 21), and the lowest rates were in middle-income countries (South Africa 1, 95% CI¼0 to 3, and India
3, 95% CI¼3 to 4). Rates during the most recent 10 data years increased in 26 of the 43 populations considered in this study,
with South Africa and several countries in Asia showing the largest increase. The risk of endometrial cancer increased both
in consecutive generations and over time in 11 of 23 populations, with the increases more pronounced in Japan, the
Philippines, Belarus, Singapore, Costa Rica, and New Zealand.
Conclusions: Endometrial cancer incidence rates increased over time and in successive generations in several countries,
especially in those countries with rapid socioeconomic transitions.

Cancers of the corpus uteri—hereafter denoted as endometrial
cancer, given that the vast majority of these cancers are of
adenocarcinomas arising from the endometrium (1,2)—is the
sixth most commonly diagnosed cancer and the 14th leading
cause of cancer death in women worldwide, with 320 000 esti-
mated new cases and 76 000 deaths in 2012 (3). It occurs in
women predominantly after menopause. The estimated age-
standardized incidence rates (ASRs) vary from one to 30 cases
per 100 000 women across countries globally, with the highest
rates found in countries with a very high Human Development
Index, where almost two-thirds of all cases occur. Low rates are
observed in several Sub-Saharan African, Middle-Eastern, and
South-Central Asian countries (3).

Hormones play an important role in the etiology of endome-
trial cancer (4), and unopposed estrogens are a key contributor
to each of the established risk factors for the disease, including
early menarche, late menopause, nulliparity, menopausal hor-
mone use (MHU), and obesity (5). Other risk factors include dia-
betes, hypertension (6), and family history of endometrial
cancer. Conversely, high parity, late age at first or last birth (7),
combined estrogen-progesterone oral contraceptives (OC), and
smoking (8) are associated with a reduction in risk. The preva-
lence of a number of the established risk factors appears to be
rising in most parts of the world; obesity, especially, has dou-
bled in less than 30 years globally (9). High body mass index
(BMI) alone is estimated to account for more than one-third
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(34%) of the total endometrial cancer incidence worldwide, and
nearly half (48%) of the cases in North America (10). Previous
studies examining temporal trends in the incidence of endome-
trial cancer were limited to specific countries or regions, and
based on old data (11). Herein, we examine contemporary
worldwide trends in incidence of endometrial cancer rates us-
ing up-to-date incidence data as compiled by the International
Agency for Research on Cancer (IARC).

Methods

Data Sources

Endometrial cancer incidence (ICD-10 C54) from 1978 to 2007
was obtained from the IARC CI5plus cancer registry database
(12) for 42 countries, with a minimum of 15 consecutive data

years ending in 2007. For several of these countries, the series
were augmented with more recent data, as late as 2013, from
cancer registries, extending the study period for these countries
up to 35 years. Of the 42 countries, incidence data were based
on national cancer registries for 24 countries, and regional or
aggregate of regional registry data for the remaining countries
(Supplementary Table 1, available online). For the United States,
incidence rates were examined for blacks and whites, sepa-
rately. Corresponding population data were obtained from IARC
and additional sources.

Statistical Analysis

Age-standardized incidence rates per 100 000 were computed
using the world standard population. To analyze temporal
changes in incidence rates, Joinpoint regression (13) was used,
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Figure 1. Average annual age-standardized incidence rate of endometrial cancer, in 2006 to 2007, all ages. *Denotes regional registries.
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fitting a series of joined straight lines to the trends in the ASRs.
A Monte Carlo Permutation method is used to test the signifi-
cance of the joinpoint models. A logarithmic transformation of
the rates, the standard error calculated using the binomial ap-
proximation, and a maximum number of three joinpoints were
specified as options in the analysis. To assess the magnitude
and direction of the recent trend in each country, the average
annual percent change (AAPC) in ASR over the last 10 available
years (1998–2007 to 2004–2013, depending on the country) was
used (14), by age group (25–49 and 50 years and older) and for all
ages combined.

Assessment of the risk of endometrial cancer incidence was
restricted to 23 populations with at least 25 years of consecutive
data and more than 1 million women per year during 2006 to
2007, and they were examined using the age-period-cohort (APC)
model. The APC model allows the assessment of the effects of
cohort (year of birth) and period (year of diagnosis) on the overall
incidence trends. It assumes that the incidence rates are con-
stant within five-year age group a (age 30–79 years) and five-year
period p (maximum span from 1978–1982 to 2008–2012). Birth
cohorts c were derived from period and age such that c ¼ p – a,
ranging from 1903–1907 to 1978–1982. Further, the model
assumes that new cancer cases follow a Poisson distribution
(allowing for extra-Poisson variation) to estimate trends and

deviations (parameters). The parameters are combined to pro-
duce functions that describe relationships between the observed
rate and age, calendar period, and birth cohort. Cohort (and pe-
riod) effects are presented as rate ratios —namely the age-
specific rates in any given cohort (or period) relative to the refer-
ent cohort (or period), adjusted for age and nonlinear period (or
cohort) effects. The reference period was set to 1993–1997—the
central period for 19 populations and still a time of common
MHU (or the closest)—and the reference age group was set to 50
to 54 years (perimenopause). Consequently, the reference cohort
was 1943 to 1947. Cohort effects in risk of disease reflect genera-
tional changes in prevalence of risk factors, whereas period
effects signal factors that affect all ages at the same time. The
data management and statistical computations were performed
using Stata (15) and the APC web tool (https://analysistools.nci.
nih.gov/apc/) (16). All statistical tests were two-sided; a P value of
less than .05 was considered statistically significant.

Results

Cross-Sectional Incidence

In general, the highest ASRs (all ages) in 2006 to 2007 were
observed in North America and Europe, with rates as high as 19
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Figure 2. Average annual percent change in age-standardized endometrial cancer incidence rates for (A) all ages and (B) age 25 to 49 years and age 50 years and older,

over the last 10 years available, and 95% confidence intervals. The last 10 years vary by population from 1998–2007 to 2004–2013. The average annual percent change

was not computed for South Africa for age 25 to 49 years due to several years with no new cases. Confidence interval bars truncated on the plots for Costa Rica and

South Africa for all ages, and age 50 years and older. *Denotes regional registries.
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per 100 000 in Slovakia (95% confidence interval [CI] ¼ 18 to 21)
and US whites (95% CI¼ 18 to 20) (Figure 1). In contrast, the low-
est rates were found in middle-income countries (South Africa
1, 95% CI¼ 0 to 3, and India 3, 95% CI¼ 3 to 4). Within-country
incidence was 4 to 20 times higher in postmenopausal women
(age 50 years and older) compared with premenopausal women
(age 25–49 years) (Supplementary Figure 1, available online).
Rates varied 10-fold across countries, both in pre- and postmen-
opausal women.

Temporal Variations

Figure 2 presents the change in ASR over the latest 10 years
available (around 2001–2010) (details in Table 1). ASR for all ages
statistically significantly increased in more than half of the pop-
ulations (26 populations out of 43). The most rapid statistically
significant increases occurred in countries with the lowest rates
(11.3% per year, 95% CI¼ 4.0 to 19.0, in South Africa where inci-
dence rates more than doubled in 10 years). Sixteen countries
exhibited no change in incidence trends (mostly in Northern
Europe), while only in three countries were statistically signifi-
cant downward incidence trends observed (Slovenia –1.4%, 95%
CI¼ –2.8 to 0.0; Austria –0.9%, 95% CI¼ –1.2 to –0.5; and Sweden –
0.6%, 95% CI¼ –0.9 to –0.2 per year). In most countries, the re-
cent trends in all ages were a continuation of earlier trends
(Table 1; Supplementary Figure 2, available online). In the
United States, the historically low rates among black women
relative to white women underwent statistically significant
rapid increases in the incidence (3.1%, 95% CI ¼ 2.2 to 3.9, per
year) since the late 1990s, and rates became similar by race by
2011 (Supplementary Figure 2, available online). Incidence
trends among premenopausal women mirrored the upward
trends in postmenopausal women (Figure 2; Supplementary
Figure 2, available online). Yet, there were notable exceptions.
In several countries, recent statistically significant increases
among postmenopausal women contrasted with statistically
significant decreases (Denmark, the Czech Republic, and the
Netherlands) or stabilizations (Brazil, Thailand, Israel, Bulgaria,
Poland, Croatia, Italy, Spain, and Ireland) in rates in premeno-
pausal women. Trends in Norway, Finland, and France indi-
cated statistically significant declining rates among
premenopausal women but constant rates in older women.

Age-Period-Cohort Analysis and Trends in Rates by Age

Figure 3 displays the changes in risk in successive cohorts and
periods based on incidence rate ratios. The risk increased both
in consecutive generations and over time in 11 populations out
of 23. The increase was most evident in Japan, the Philippines,
Belarus, Singapore, Costa Rica, and New Zealand. However, the
cohort rate ratio curve revealed a decline in endometrial cancer
incidence in the Nordic and two Eastern European countries
among women born after the 1920s in Denmark, and in subse-
quent generations in the Czech Republic, Slovakia, Finland,
Sweden, and Norway, followed by increases in birth cohorts
born after 1965 in Norway and Sweden.

Supplementary Figure 3 (available online) presents age-
specific incidence rates by birth cohort and by period. The ab-
sence of quasi-parallelism between age-specific curves in the
majority of the populations indicates the combined influence of
cohort and period effects, or their lack of influence in the case
of stable trends. Only for Canadian, white American, and
Danish women did cohort effects appear to drive the incidence

trends, with the highest risk of endometrial cancer found in
women born around the 1920s. In Northern Europe, there seems
to be a differing period effect before and after menopause. In
particular, there appear to be period-specific increases since
2000 after long declines in incidence in the United Kingdom,
Norway, and Sweden in women younger than age 50 years,
while the age-specific rates have continuously increased in
older women since the 1980s. Marked period effects, with the
risk of cancer increasing over time in all age groups, were visible
in Asia (Japan, the Philippines, and Singapore) and in the geo-
graphically unrelated countries Belarus and New Zealand.

Discussion

Recent rates (2006–2007) for all ages varied 20-fold between
countries, with the highest rates found in Europe and North
America and the lowest rates in developing countries. Rates in
all ages have been statistically significantly increasing in 26 out
of 43 populations, as well as in 15 premenopausal and 27 post-
menopausal populations. However, in France, the Netherlands,
Denmark, Norway, and the Czech Republic, rates statistically
significantly declined in women younger than age 50 years. The
age-period-cohort analysis revealed that, in half of the popula-
tions, women were at ever-increasing risk of endometrial can-
cer, over time and in successive generations, and most
evidently in some Asian countries (Japan, the Philippines,
Singapore, and India), Belarus, Lithuania, Costa Rica, and New
Zealand.

More than 80% of endometrial cancers (called type 1 endo-
metrial cancers) are estrogen-related (5). Therefore, increasing
trends in endometrial cancer incidence may be largely
explained by the increasing trends in exogenous estrogen use—
in peri- and postmenopausal women only—and endogenous es-
trogen exposure (nulliparity, fewer pregnancies, early age at
menarche, and obesity) (5). Large increases in the use of hor-
mones in postmenopausal women have been reported in the
1980s and early 1990s. For instance, in the 1990s, more than 30%
of postmenopausal women age 45 to 64 years used hormones in
parts of Australia, Canada, Finland, France, Iceland, and the
United States, as opposed to less than 5% in Lithuania, Poland,
and Russia (17). Menopausal hormone sales dropped following
the publication of the results of the Women’s Health Initiative
study in 2002 (18) and the Million Women Study in 2003 demon-
strating the adverse health effects of MHU, including increased
risk for breast cancer. It was later determined that estrogen/pro-
gestogen/androgen and estrogen-only therapies increase the
risk of endometrial cancer, while continuous estrogen-
progestogen therapies decrease it (19). Although sharp declines
in other hormone-related cancer incidence (ie, ovarian and
breast) (20) have been observed after the drastic reduction in
MHU in some countries, our analysis did not reveal similar obvi-
ous positive effects on endometrial cancer incidence in the
studied populations.

Changes in reproductive factors also increase endometrial
cancer cases. High parity protects from endometrial cancer, but
it has been decreasing in most countries because of socioeco-
nomic transition (21). Almost half of the 70 low-fertility coun-
tries (�2.0 children per woman) are in Asia, Latin America, and
the Caribbean (22). As examples, between 1950 to 1955 and 2000
to 2005, the fertility rates declined from more than 6.0 to 1.6 or
fewer children per women in China, Singapore, and Thailand,
from 3.0 to 1.3 in Japan, from 7.4 to 3.7 in the Philippines, and
from 6.2 to 2.3 in Brazil. In parallel, nulliparity has more than
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doubled since 1994 in Austria, Japan, Spain, and Thailand (23),
putting more women at greater risk of endometrial cancer. The
highest rates of nulliparity are currently in low-fertility coun-
tries in Europe and Eastern Asia, with Singapore having the
highest proportion of women with no children (23%). It is possi-
ble that these changing reproductive patterns may have in part
contributed to the rapid increase in endometrial cancer inci-
dence rates in Asian, Latin American, and other countries con-
sidered in this study.

The global increase in overweight and obesity in women be-
tween 1980 and 2013 from 30% to 38% (24) may have also

contributed to the upward endometrial cancer incidence trends
(25). The proportion of women with high BMI increased even
faster than the global average in the high-income countries in-
cluded in our study (except Japan); for instance, from 44% to
57% in the United Kingdom, to 60% in New Zealand, and to 62%
in the United States. In the latter country, according to the
World Cancer Research Fund (26), up to 59% of endometrial can-
cers could be prevented by appropriate levels of body fatness
(median population BMI between 21 and 23) and physical activ-
ity (moderate physical activity for at least 30 minutes every day)
(27). Globally, 107 000 new cases of endometrial cancer (34%)

Table 1. Trends in endometrial cancer incidence rates, for 1978–2013, and over the last 10 years, for all ages

Region Population

Trend 1 Trend 2 Trend 3 Trend 4 Last 10 years

Period APC Period APC Period APC Period APC Period AAPC (95% CI)

Africa South Africa* 1998–2012 11.3† � � � � � � 2003–2012 11.3† (4.0; 19.0)
Uganda* 1991–2012 1.7 � � � � � � 2003–2012 1.7 (–1.5; 5.1)

South America Brazil* 1988–2007 5.0† � � � � � � 1998–2007 5.0† (2.5; 7.6)
Colombia* 1983–2007 –0.4 � � � � � � 1998–2007 –0.4 (–1.2; 0.5)
Costa Rica 1980–1988 –3.3 1988–2005 4.4† 2005–2007 –20.9 � � 1998–2007 –1.8 (–8.3; 5.1)
Ecuador* 1985–2007 –0.5 � � � � � � 1998–2007 –0.5 (–1.8; 0.9)

North America Canada* 1983–1990 –1.9† 1990–2007 0.8† � � � � 1998–2007 0.8† (0.5; 1.0)
US* black 1978–1997 0.3 1997–2012 3.1† � � � � 2003–2012 3.1† (2.2; 3.9)
US* white 1978–1988 –2.3† 1988–1999 0.6† 1999–2003 –1.1 2003–2012 1.4† 2003–2012 1.4† (0.9; 1.9)

Eastern Asia China* 1988–2007 3.3† � � � � � � 1998–2007 3.3† (2.7; 3.9)
Japan* 1978–2003 2.9† 2003–2007 9.8† � � � � 1998–2007 5.9† (3.7; 8.1)

Southern Asia India* 1983–2005 1.4† 2005–2007 13.0 � � � � 1998–2007 3.9 (–0.5; 8.4)
South-eastern

Asia
Philippines* 1983–1994 –2.0 1994–1999 13.5† 1999–2007 0.2 � � 1998–2007 1.6 (–0.7; 4.0)
Singapore 1978–2007 3.5† � � � � � � 1998–2007 3.5† (3.1; 3.9)
Thailand* 1983–2007 2.1† � � � � � � 1998–2007 2.1† (1.1; 3.1)

Western Asia Israel 1983–2007 1.9† � � � � � � 1998–2007 1.9† (1.4; 2.5)
Eastern Europe Belarus 1978–2007 3.3† � � � � � � 1998–2007 3.3† (3.1; 3.5)

Bulgaria 1993–2011 1.1† � � � � � � 2002–2011 1.1† (0.8; 1.4)
Czech

Republic
1983–2010 0.2† � � � � � � 2001–2010 0.2† (0.0; 0.3)

Poland* 1988–2008 2.0† � � � � � � 1999–2008 2.0† (1.6; 2.3)
Russian

Federation
1993–1996 4.3† 1996–2013 2.1† � � � � 2004–2013 2.1† (2.0; 2.3)

Slovakia 1978–2008 1.4† � � � � � � 1999–2008 1.4† (1.1; 1.6)
Northern Europe Denmark 1978–1980 7.4 1980–2000 –1.4† 2000–2012 0.7 � � 2003–2012 0.7 (–0.1; 1.4)

Estonia 1978–1996 1.9† 1996–2007 –0.3 � � � � 1998–2007 –0.3 (–1.1; 0.5)
Finland 1978–1998 1.5† 1998–2012 –0.6 � � � � 2003–2012 –0.6 (–1.1; 0.0)
Iceland 1978–2012 –0.1 � � � � � � 2003–2012 –0.1 (–0.9; 0.8)
Ireland 1994–2011 2.4† � � � � � � 2002–2011 2.4† (1.6; 3.1)
Latvia 1983–1996 2.8† 1996–2007 –0.5 � � � � 1998–2007 –0.5 (–1.6; 0.7)
Lithuania 1978–1989 1.1 1989–2001 3.9† 2001–2007 –1.0 � � 1998–2007 0.6 (–1.1; 2.4)
Norway 1978–1988 0.0 1988–2010 1.7† 2010–2012 –10.7 � � 2003–2012 –1.2 (–3.8; 1.4)
Sweden 1978–1986 –1.1† 1986–1998 1.4† 1998–2012 –0.6† � � 2003–2012 –0.6† (–0.9; –0.2)
UK* 1978–1980 24.2 1980–1994 0.4 1994–2012 2.7† � � 2003–2012 2.7† (2.5; 2.9)

Southern Europe Croatia 1988–2012 1.3† � � � � � � 2003–2012 1.3† (0.8; 1.8)
Italy* 1988–2007 1.1† � � � � � � 1998–2007 1.1† (0.7; 1.4)
Malta 1992–2009 –0.5 � � � � � � 2000–2009 –0.5 (–1.6; 0.6)
Slovenia 1978–2001 2.0† 2001–2011 –1.4† � � � � 2002–2011 –1.4† (–2.8; 0.0)
Spain* 1988–2007 1.9† � � � � � � 1998–2007 1.9† (1.5; 2.3)

Western Europe Austria 1990–2009 –0.9† � � � � � � 2000–2009 –0.9† (–1.2; –0.5)
France* 1988–2009 0.1 � � � � � � 2000–2009 0.1 (–0.3; 0.5)
Switzerland* 1983–1988 –5.9† 1988–2008 0.2 � � � � 1999–2008 0.2 (–0.5; 0.9)
Netherlands 1989–2008 0.7† � � � � � � 1999–2008 0.7† (0.5; 1.0)

Oceania Australia 1982–2009 0.8† � � � � � � 2000–2009 0.8† (0.6; 0.9)
New Zealand 1983–1993 –1.3 1993–2010 2.6† � � � � 2001–2010 2.6† (1.9; 3.2)

*Regional registries. APC ¼ annual percent change; AAPC ¼ average annual percent change.

†Change in rate is statistically significantly different from zero at the 5% level. The tests of significance use a Monte Carlo Permutation method. Only the model that

best fits the observed incidence is presented, with up to four trends (three Joinpoints). Therefore, some cells are left blank.
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Figure 3. Incidence rate ratios of endometrial cancer by birth cohort and by period, 95% confidence intervals, in age 30 to 79 years in select countries. A) Cohort rate ra-

tios. B) Period rate ratios. Countries are ordered by decreasing value of the net drift (the annual percentage change of the expected age-adjusted rates over time). In

three countries, the upper bound of one confidence interval of birth cohort effects was higher than 6 (Japan 6.5, the Philippines 6.3, and Singapore 8.1) and truncated at

5 on the plots. *Denotes regional registries.
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were due to high BMI (10) in 2012. Yet, while endometrial cancer
incidence recently declined in Austria and Sweden, overweight
also increased over 1980 to 2013 in these two countries from
27% to 43% and from 41% to 46%, respectively. Furthermore, in
Japan, BMI has remained low and declined (from 19% to 18%),
while endometrial cancer incidence surged upwards. Both find-
ings indicate the combined influence of several other risk fac-
tors on endometrial cancer incidence. In addition, the
prevalence of diabetes—known to be associated with endome-
trial cancer and closely related to high BMI—has been increas-
ing globally in the recent decades, particularly in low- and
middle-income countries (28), affecting 9% of the world popula-
tion in 2014 (29).

In contrast to the trends in incidence rates in most countries
considered for this analysis, incidence rates have decreased in
more recent cohorts in several Northern European and two
Eastern European countries. Reasons for this pattern remain
unclear. As smoking decreases the risk of endometrial cancer
among postmenopausal women by 29%, the large proportion of
women who picked up the deleterious habit in some
countries—the harmful effects of smoking outweigh by many
orders of magnitude the potential benefit of preventing endo-
metrial cancer—could explain the declines, but only to some ex-
tent. Denmark, Slovakia, and Finland all experienced declines
in endometrial cancer incidence rate ratios, starting in cohorts
born in the 1920s to 1940s onwards. Nevertheless, in 2006 to
2008, Danish female lung cancer incidence rates—an indicator
of past smoking intensity—were triple compared with their
Finnish and Slovak counterparts (30).

Oral contraceptive (OC) use may be another contributing fac-
tor for the declines observed in select European countries such
as France. OC is a protective factor for endometrial cancer—
every five years of usage is associated with a risk decline of 24%,
and the risk reduction persists for more than 30 years after ces-
sation (31). In general, in the 1990s, OC use was more common
in Western Europe and Australia/New Zealand than in Central
and Eastern Europe and North America (17). A meta-analysis es-
timated that OC use may have prevented about 400 000 cases of
endometrial cancer over the past 50 years in developed coun-
tries (31). Of note, intrauterine devices, frequently used in Asian
developing countries (32), also confer protection against endo-
metrial cancer (33).

The remaining 10% to 20% of endometrial cancers (type 2)
are estrogen independent but share some risk factors with type
1 endometrial cancers (low parity, early age at menarche, and
diabetes) and the protective effects of OC use and smoking (34).
The distinction between type 1 and 2 endometrial cancers is
based on differences in histology and clinical outcomes (type 2
having a poor prognosis compared with type 1) (35), which sug-
gests possible different biological pathways and could therefore
also explain some of the differences in the observed global
trends.

Finally, we cannot rule out the additional effect of an under-
lying linear period-based trend in some countries driven by a
gradually increasing awareness of endometrial cancer among
both the general public and health professionals, more inten-
sive clinical investigation in current and past menopausal hor-
mone users, and better access to care over the last decades.

A strength of our study is the use of high-quality incidence
data from 43 populations across five continents spanning
36 years to provide contemporary global patterns of endometrial
cancer incidence rates. Previous studies examined trends and
patterns in incidence rates for specific regions (eg, in Europe
[11,36–39]) or by country (eg, the United States [40], India [41,42],

and Saudi Arabia [43]) based on older data. However, our study
also has limitations. The lack of adjustment for hysterectomy in
the population at risk, due to the lack of data by age group in
each country over the study period, has the potential to bias the
direction and magnitude of the incidence rates (44). For in-
stance, between 2000 and 2014, hysterectomy rates in Denmark
were low and remained around 35 procedures per 100 000
women (with a peak at 64 procedures per 100 000 in 2007),
whereas rates in Austria and Australia were high and declined
by 30% (from 320 to 216 procedures per 100 000) and 27% (from
357 to 262 procedures), respectively (45). In the United States
and Finland—among countries with high historical hysterec-
tomy rates—hysterectomy-corrected endometrial cancer inci-
dence rates were estimated to be about 30% higher than
uncorrected rates (46,47). Hence, the variations in the uncor-
rected incidence rates and trends across countries may in part
reflect differences in hysterectomy rates and changes over time.
Finally, interpretation of incidence patterns for 18 countries
was based on regional rather than national data, particularly in
low- and middle-income countries.

Endometrial cancer incidence rates increased over time and
in successive generation in half of the populations, especially in
those countries with rapid socioeconomic transitions. In partic-
ular, changes in reproductive factors (declines in fertility) com-
bined with increases in overweight and diabetes may explain
some of the increases in endometrial cancer incidence.
Meanwhile, the rise in some countries was probably mitigated
by the protective effect of OC use. Future studies should further
examine factors contributing to the increasing trend.

Funding

This work was supported by the Intramural Department of
the American Cancer Society.

Notes

The study sponsor played no role in the design of the study; the
collection, analysis, or interpretation of the data; the writing of
the manuscript; or the decision to submit the manuscript for
publication.

We thank the cancer registries that are participating investi-
gators for having contributed their data.

References
1. American Cancer Society. Cancer Facts & Figures 2016. Atlanta, GA: American

Cancer Society; 2016.
2. Arnold M, Karim-Kos HE, Coebergh JW, et al. Recent trends in incidence of

five common cancers in 26 European countries since 1988: Analysis of the
European Cancer Observatory. Eur J Cancer. 2015;51(9):1164–1187.

3. Ferlay J, Soerjomataram I, Ervik M, et al. GLOBOCAN 2012 v1.0, Cancer Incidence
and Mortality Worldwide. IARC CancerBase No. 11. Lyon, France: International
Agency for Research on Cancer; 2013.

4. Hopkins BD, Goncalves MD, Cantley LC. Obesity and cancer mechanisms:
Cancer metabolism. J Clin Oncol. 2016;34(35):4277–4283.

5. Prat J, Franceschi S, Denny L, et al. Endometrial cancer. In: Steward BW, Wild
CP, eds. World Cancer Report 2014. Lyon, France: International Agency for
Research on Cancer; 2014:465–481.

6. Leslie KK, Thiel KW, Goodheart MJ, et al. Endometrial cancer. Obstet Gynecol
Clin North Am. 2012;39(2):255–268.

7. Bevier M, Sundquist J, Hemminki K. Does the time interval between first and
last birth influence the risk of endometrial and ovarian cancer? Eur J Cancer.
2011;47(4):586–591.

8. US Department of Health and Human Services. The Health Consequences of
Smoking–50 Years of Porgress. A Report of the Surgeon General. Atlanta, GA: US
Department of Health and Human Services, Center for Disease Control and

A
R

T
IC

LE

360 | JNCI J Natl Cancer Inst, 2018, Vol. 110, No. 4

D
ow

nloaded from
 https://academ

ic.oup.com
/jnci/article/110/4/354/4555056 by guest on 09 April 2024

Deleted Text: &ndash;
Deleted Text:  
Deleted Text:  
Deleted Text:  
Deleted Text:  
Deleted Text:  
Deleted Text:  
Deleted Text:  
Deleted Text: 5
Deleted Text: '
Deleted Text: ,
Deleted Text: -
Deleted Text: is
Deleted Text: s
Deleted Text: )
Deleted Text: as well as
Deleted Text: ,
Deleted Text:  
Deleted Text: .
Deleted Text: .
Deleted Text: (11, 36-39)
Deleted Text: .
Deleted Text: .
Deleted Text: .S.
Deleted Text: (40)
Deleted Text: (41, 42)
Deleted Text: (43)) 
Deleted Text: ,
Deleted Text: ,
Deleted Text: ,
Deleted Text: U.S.
Deleted Text:  &minus;
Deleted Text: &minus; 
Deleted Text:  and
Deleted Text: and 
Deleted Text: <underline>Acknowledgments:</underline> 
Deleted Text: which 


Prevention, National Center for Chronic Disease Prevention and Health
Promotion, Office on Smoking and Health; 2014.

9. Finucane MM, Stevens GA, Cowan MJ, et al. National, regional, and global
trends in body-mass index since 1980: Systematic analysis of health exami-
nation surveys and epidemiological studies with 960 country-years and 9.1
million participants. Lancet. 2011;377(9765):557–567.

10. Arnold M, Pandeya N, Byrnes G, et al. Global burden of cancer attributable to
high body-mass index in 2012: A population-based study. Lancet Oncol. 2015;
16(1):36–46.

11. Bray F, Dos Santos Silva I, Moller H, et al. Endometrial cancer incidence
trends in Europe: Underlying determinants and prospects for prevention.
Cancer Epidemiol Biomarkers Prev. 2005;14(5):1132–1142.

12. Ferlay J, Bray F, Steliarova-Foucher E, et al. Cancer Incidence in Five Continents,
CI5plus. IARC CancerBase No. 9. Lyon, France: International Agency for
Research on Cancer; 2014.

13. Statistical Research and Applications Branch, National Cancer Institute.
Joinpoint Regression Program. 4.5.0.1 ed. 2017. https://surveillance.cancer.
gov/joinpoint/. Accessed October 9, 2017.

14. Clegg LX, Hankey BF, Tiwari R, et al. Estimating average annual percent
change in trend analysis. Stat Med. 2009;28(29):3670–3678.

15. StataCorp LP. Stata. 13.1 ed. College Station, TX: StataCorp LP; 2016.
16. Rosenberg PS, Check DP, Anderson WF. A web tool for age-period-cohort

analysis of cancer incidence and mortality rates. Cancer Epidemiol Biomarkers
Prev. 2014;23(11):2296–2302.

17. Lundberg V, Tolonen H, Stegmayr B, et al. Use of oral contraceptives and hor-
mone replacement therapy in the WHO MONICA project. Maturitas. 2004;
48(1):39–49.

18. Rossouw JE, Anderson GL, Prentice RL, et al. Risks and benefits of estrogen
plus progestin in healthy postmenopausal women: Principal results From
the Women’s Health Initiative randomized controlled trial. JAMA. 2002;
288(3):321–333.

19. Beral V, Bull D, Reeves G, et al. Endometrial cancer and hormone-
replacement therapy in the Million Women Study. Lancet. 2005;365(9470):
1543–1551.

20. Verkooijen HM, Bouchardy C, Vinh-Hung V, et al. The incidence of breast
cancer and changes in the use of hormone replacement therapy: A review of
the evidence. Maturitas. 2009;64(2):80–85.

21. Doepke M. Accounting for Fertility decline during the transition to growth. J
Econ Growth. 2004;9(3):347–383.

22. United Nations, Department of Economic and Social Affairs Population Division.
World population prospects: The 2015 revision, custom data acquired via
website. 2015. https://esa.un.org/unpd/wpp/Download/Standard/Population/.
Accessed October 9, 2017.

23. United Nations, Department of Economic and Social Affairs Population
Division. World fertility report 2013: Fertility at the extremes. 2014. http://
www.un.org/en/development/desa/population/publications/pdf/fertility/
worldFertilityReport2013.pdf. Accessed October 9, 2017.

24. Ng M, Fleming T, Robinson M, et al. Global, regional, and national prevalence
of overweight and obesity in children and adults during 1980-2013: A system-
atic analysis for the Global Burden of Disease Study 2013. Lancet. 2014;
384(9945):766–781.

25. Onstad MA, Schmandt RE, Lu KH. Addressing the role of obesity in endome-
trial cancer risk, prevention, and treatment. J Clin Oncol. 2016;34(35):
4225–4230.

26. World Cancer Research Fund International. Cancer preventability estimates
for diet, nutrition, body fatness, and physical activity. http://www.wcrf.org/
int/cancer-facts-figures/preventability-estimates/cancer-preventability-esti
mates-diet-nutrition. Accessed October 9, 2017.

27. World Cancer Research Fund, American Institute for Cancer Research. Food,
nutrition, physical activity, and the prevention of cancer: A global perspective.
Washington, DC: American Institute for Cancer Research; 2007.

28. Aguiree F, Brown A, Cho NH, et al. IDF Diabetes Atlas. 6th ed. Basel,
Switzerland: International Diabetes Federation; 2013.

29. World Health Organization. Global Status Report on Noncommunicable Diseases
2014. Geneva, Switzerland: World Health Organization; 2014. http://www.
who.int/nmh/publications/ncd-status-report-2014/en/. Accessed October 9,
2017.

30. Lortet-Tieulent J, Renteria E, Sharp L, et al. Convergence of decreasing male
and increasing female incidence rates in major tobacco-related cancers in
Europe in 1988-2010. Eur J Cancer. 2015;51(9):1144–1163.

31. Collaborative Group on Epidemiological Studies on Endometrial Cancer.
Endometrial cancer and oral contraceptives: An individual participant meta-
analysis of 27 276 women with endometrial cancer from 36 epidemiological
studies. Lancet Oncol. 2015;16(9):1061–1070.

32. Darroch JE, Singh S. Trends in contraceptive need and use in developing
countries in 2003, 2008, and 2012: An analysis of national surveys. Lancet.
2013;381(9879):1756–1762.

33. Felix AS, Gaudet MM, La Vecchia C, et al. Intrauterine devices and endome-
trial cancer risk: A pooled analysis of the Epidemiology of Endometrial
Cancer Consortium. Int J Cancer. 2015;136(5):E410–E422.

34. Setiawan VW, Yang HP, Pike MC, et al. Type I and II endometrial cancers:
Have they different risk factors? J Clin Oncol. 2013;31(20):2607–2618.

35. Weiderpass E, Antoine J, Bray FI, et al. Trends in corpus uteri cancer mortality
in member states of the European Union. Eur J Cancer. 2014;50(9):1675–1684.

36. Bray F, Loos AH, Oostindier M, et al. Geographic and temporal variations in
cancer of the corpus uteri: Incidence and mortality in pre- and postmeno-
pausal women in Europe. Int J Cancer. 2005;117(1):123–131.

37. Lindemann K, Eskild A, Vatten LJ, et al. Endometrial cancer incidence trends
in Norway during 1953-2007 and predictions for 2008-2027. Int J Cancer. 2010;
127(11):2661–2668.

38. Chakalova G, Dimitrova N, Gavrilov I, et al. Cancer burden of breast and gyne-
cological cancers in Bulgaria: Epidemiology and clinical aspects. J BUON.
2013;18(4):1038–1044.

39. Milas J, Samardzic S, Milas K. Malignant neoplasms of breast and female gen-
ital organs (C50, C51-C58) in the Osijek-Baranja County, Croatia. Coll Antropol.
2014;38(4):1135–1151.

40. Jamison PM, Noone AM, Ries LA, et al. Trends in endometrial cancer inci-
dence by race and histology with a correction for the prevalence of hysterec-
tomy, SEER 1992 to 2008. Cancer Epidemiol Biomarkers Prev. 2013;22(2):233–241.

41. Yeole BB. Trends in cancer incidence in female breast, cervix uteri, corpus
uteri, and ovary in India. Asian Pac J Cancer Prev. 2008;9(1):119–122.

42. Murthy NS, Shalini S, Sastry NB, et al. Increase in incidence of cancer of cor-
pus uteri: Estimation of time trends - an Indian scenario. Eur J Cancer Prev.
2011;20(1):25–32.

43. Alghamdi IG, Hussain, II, Alghamdi MS, et al. The incidence rate of corpus
uteri cancer among females in Saudi Arabia: An observational descriptive ep-
idemiological analysis of data from Saudi Cancer Registry 2001-2008. Int J
Womens Health. 2014;6:141–147.

44. Hammer A, Rositch AF, Kahlert J, et al. Global epidemiology of hysterectomy:
Possible impact on gynecological cancer rates. Am J Obstet Gynecol. 2015;
213(1):23–29.

45. OECD. Stat Health. Health care utilisation: Surgical procedures. https://stats.
oecd.org/index.aspx?DataSetCode¼HEALTH_STAT#. Accessed October 9,
2017.

46. Siegel RL, Devesa SS, Cokkinides V, et al. State-level uterine corpus cancer in-
cidence rates corrected for hysterectomy prevalence, 2004 to 2008. Cancer
Epidemiol Biomarkers Prev. 2013;22(1):25–31.

47. Luoto R, Raitanen J, Pukkala E, et al. Effect of hysterectomy on incidence
trends of endometrial and cervical cancer in Finland 1953-2010. Br J Cancer.
2004;90(9):1756–1759.

A
R

T
IC

LE

J. Lortet-Tieulent et al. | 361

D
ow

nloaded from
 https://academ

ic.oup.com
/jnci/article/110/4/354/4555056 by guest on 09 April 2024

https://surveillance.cancer.gov/joinpoint/
https://surveillance.cancer.gov/joinpoint/
http://www.un.org/en/development/desa/population/publications/pdf/fertility/worldFertilityReport2013.pdf
http://www.un.org/en/development/desa/population/publications/pdf/fertility/worldFertilityReport2013.pdf
http://www.un.org/en/development/desa/population/publications/pdf/fertility/worldFertilityReport2013.pdf
http://www.wcrf.org/int/cancer-facts-figures/preventability-estimates/cancer-preventability-estimates-diet-nutrition
http://www.wcrf.org/int/cancer-facts-figures/preventability-estimates/cancer-preventability-estimates-diet-nutrition
http://www.wcrf.org/int/cancer-facts-figures/preventability-estimates/cancer-preventability-estimates-diet-nutrition
http://www.who.int/nmh/publications/ncd-status-report-2014/en/
http://www.who.int/nmh/publications/ncd-status-report-2014/en/
https://stats.oecd.org/index.aspx?DataSetCode=HEALTH_STAT#
https://stats.oecd.org/index.aspx?DataSetCode=HEALTH_STAT#
https://stats.oecd.org/index.aspx?DataSetCode=HEALTH_STAT#

	djx214-TF1
	djx214-TF2

