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Abstract

Background: The association of malnutrition in early life with breast cancer risk has been studied in Europe by
investigating survivors of the Dutch Hunger Winter Famine, but not in China. We evaluated the effect of exposure
to the 1959-1961 Great Leap Forward famine on subsequent breast cancer risk in Chinese women.

Methods: A total of 59,060 women born in 1955~1966 were recruited from Minhang district, Shanghai, China,
during the period 2008 to 2012. A baseline survey was conducted to collect demographic characteristics and
known risk factors for breast cancer. Incident breast cancers were identified by conducting record linkage
with the Shanghai Cancer Registry up to June 30, 2015, and confirmed through medical records. Cumulative
probabilities of cancer incidence were evaluated after adjusting for age, educational level and other confounders. Cox
regression models were applied to estimate the hazard ratios (HR) and 95% confidence intervals (Cl) of breast cancer.

Results: The overall crude incidence of in situ and invasive breast cancer were 19.2 and 115.0 per 100,000, respectively,
in women conceived or born during the famine (1959-1962), slightly higher than those in women born before
(1955-1958) (13.2 and 109.8/100,000) and after (1963-1966) (104 and 101.5/100,000). Particularly, at age group of
50-52 years when all participants contributed person-year of observations, the age-specific incidence of invasive breast
cancer was higher in pre-natal exposed women (123.7/100,000, 95%Cl: 94.5-161.9/100,000) than in post-natal exposed
(109.6/100,000, 95%Cl: 69.1-174.0/100,000) and unexposed women (82.7/100,000, 95%Cl: 46.9-145.7/100,000). However,
the incidence of cancer in situ was slightly lower in pre-natal exposed women at the age group. Adjusted cumulative
probabilities of breast cancer incidence, both in-situ and invasive, were also observed to be higher in women exposed
to the famine, however, the difference was not statistically significant.

Conclusion: Our results suggest a possible adverse, but limited, impact of exposure to the Great famine on the risk of
breast cancer in Chinese women.
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Background

Breast cancer, the most common malignancy in women
worldwide, is responsible for nearly one-fifth of deaths
in women aged 40 to 50 years [1]. The incidence of
breast cancer has been increasing over the past decades
around the world, including in China, a developing
country with historically a lower incidence of the malig-
nancy [2]. The upward trend of breast cancer incidence
in Chinese women has been attributed to the growing
impact of western lifestyles in the country [3]. Over-
nutrition in adulthood, particularly when combined with
malnutrition in early life, has been suggested to increase
the risk of breast cancer in Asian populations [4, 5].

According to Barker’s “fetal origin” hypothesis, adverse
intrauterine conditions may have a profound effect on
health in later life [6]. Trichopoulos [7] proposed that
breast cancer may originate in utero due to exposure to
increased concentrations of maternal oestrogens. Both
hypotheses were supported by a body of evidence from
animal experiments and epidemiological studies. Studies
in rodents have shown reductions in tumor occurrence
by calorie deprivation [8, 9], which was suggested to
modulate the expression of estrogens receptors [10].
However, results derived from human populations are
conflicting [11-14]. While several studies observed a
lower risk of breast cancer in women with low birth
weight, and found that the risk increased with increasing
birth weight [11, 12], studies conducted in survivors of
the Dutch famine observed an increased risk of breast
cancer compared to women unexposed [15-17].

The Dutch famine was a severe but short-term period
of malnutrition that occurred in a previously and subse-
quently well-nourished population [18]. The Great Leap
Forward famine in China, on the other hand, was a
much more severe event occurring during the period of
1959 to 1961 [19, 20]. Despite the disastrous impact of
the famine on Chinese population, its occurrence pro-
vides us an opportunity to study the health conse-
quences of malnutrition in early life [21, 22]. However,
there is no prior study examining the long-term effect of
the Great Famine on the occurrence of breast cancer in
Chinese women.

In this study, we compared the incidence of the breast
cancer among Chinese women born during and after the
Great Famine with those born before the event, and thus
evaluated the potential effect of malnutrition in early life
on breast cancer risk.

Methods

Subjects and study design

This retrospective study used data from a former breast
cancer screening program provided to female permanent
residents of Shanghai who were living in communities of
Minhang district, Shanghai, China, at the time of
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interview. As described in our previous report [23],
149,577 women, accounting for 65% of a total of 231,069
women at age of 40—74 years old and free of breast can-
cer in the district, participated in the screening program
during the period of 2008 and 2012.

In-person interviews were conducted for all partici-
pants using a structured questionnaire to collect infor-
mation on demographic characteristics, reproductive
factors, family history of breast cancer and prior diagno-
sis of any breast diseases (see Additional file 1). After ex-
cluding those born before 1955 and after 1966, a total of
59,060 women born between 1955 and 1966 and free of
breast cancer were included in the current study.

This study was approved by the Institutional Review
Board (IRB) of the Center of Disease Prevention and
Control of Minhang district, Shanghai, China. Verbal
consent was obtained from each participant.

Identification of incident breast cancer

All subjects of the study were followed-up by a record
linkage with the Shanghai Cancer Registry and the
Shanghai Vital Statistics. The start time of following-up
was from the date of recruitment which was from May
23, 2008 to Sep 30, 2012 in calendar time or from 42 to
57 years old with respect to age of the subjects. In April
2016, the record linkage was conducted for all subjects
using the unique ID number, a number given to each
Chinese citizen by birth and remaining unchanged in
whole life, to identify the incident breast cancer and ob-
tain vital status up to June 30, 2015. Information about
the Shanghai Cancer Registry system has been described
in detail elsewhere [24—26]. Briefly, the Shanghai Cancer
Registry was established in 1963, covering 100% perman-
ent residents of urban Shanghai before 2001 and of both
urban and rural areas of Shanghai thereafter.

The incident breast cancer cases were identified ac-
cording to ICD-10 codes of C50. Basic demographic
characteristic, tumor site, pathological type and stage of
the cancer were available in the system. All incident
breast cancer cases identified through linkage were sub-
sequently confirmed by medical record examination.

Statistical analysis

Since the Great Chinese Famine occurred in 1959 and
continued until 1961, exposure to the Famine was de-
fined based on birth year of our subjects. As did previ-
ous studies [27], women born between January 1, 1959
and December 31, 1962 were considered to have been
pre-natal exposed to the Famine (n=17,772), while
those born before 1959 were regarded post-natal expos-
ure (1 =25,836) and those born after 1962 were treated
as unexposed group (n =15,452). The post-natal expos-
ure group was used as the reference group. Time at risk
started at the date of baseline survey and ended at the
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date of diagnosis of breast cancer, date of death, or end-
ing date of following-up (June 30, 2015), whichever oc-
curred first.

Chi-square tests were used to compare demographic
characteristics of study participants across the three
birth-year subgroups. The direct adjusted cumulative
probabilities of breast cancer incidence were calcu-
lated and curved based on a stratified Cox regression
model proposed by Zhang et al. [28]. Cox propor-
tional hazard modelling was used to estimate the haz-
ard ratios (HR) and 95% confidence intervals (CIs) of
breast cancer related to the exposure to the Famine.
Known risk factors of breast cancer such as age (as a
continuous variable), educational level (Primary school
or below / Middle School / Technical school / High
school / College or above, as dummy variables), mari-
tal status (married / other status), regular menstrual
cycle (yes / no), breastfeeding (ever / never) and fam-
ily history of breast cancer (ever / never) were ad-
justed in the models as potential confounding factors
for their unbalanced distributions among the three
subgroups. A sensitivity analysis was conducted by re-
defining the cohort periods as 1955-1959, 1960—1962
and 1963-1966 to minimize the potential
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misclassification bias since those born in early 1959
were actually conceived in 1958.

All tests were two sided, and p values less than 0.05
were considered statistically significant. All statistics were
analyzed using SAS statistical package (version 9.3).

Results

Presented in Table 1 are baseline demographic charac-
teristics and reproductive factors of our subjects. No sig-
nificant difference was observed among subgroups with
respect to age at menarche, infertility, age at first child’s
birth and exogenous estrogen use (p >0.05). The post-
natal exposure group, however, were more likely to have
a lower level of education, later age at menopause, an ir-
regular menstrual cycle and a family history of breast
cancer (p <0.0001), but less likely in marriage and breast
fed compared to other two groups.

During a total of 302, 019 person years of following-up,
373 incident breast cancer patients were identified, includ-
ing 43 with cancer in situ and 330 with cancer invasive.
As shown in Table 2, the incidence of breast cancer in situ
and invasive were 19.2 (95%CI: 11.9-30.8) and 115.0
(95%CI: 94.7-139.6) per 100,000, respectively, in women
conceived or born during the Great Famine (1959-1962),

Table 1 Comparison of demographic and reproductive factors by birth year in Chinese women

Birth year p value
1955-1958 (N = 25,836) 1959-1962 (N=17,772) 1963-1966 (N =15,452)
Participant rates (%) 68.7 61.2 546
Age (Mean £ SD) 52719 491+19 452+18 <0.0001
Educational level (N, %)

Primary school or below 5448 (21.1) 2307 (13.0) 1521 (9.8)

Junior high School 11,926 (46.2) 8669 (48.8) 9466 (61.3)

Senior high school 637 (2.5) 511 (29) 3336 (21.6)

Technical school 7334 (284) 5905 (33.2) 693 (4.5)

College or above 491 (1.9 380 (2.1) 436 (2.8) <0.0001
Marriage status (N, %)

Single 80 (0.3) 52(03) 32(0.2)

Married 25,070 (97.0) 17,279 (97.2) 15,052 (97.4)

Remarried 351 (1.4) 243 (1.4) 226 (1.5)

Separate/divorced 163 (0.6) 119 (0.7) 111 (0.7)

Widow 172 (0.7) 79 (0.4) 31(0.2) 0.0005
Age at menarche <12 years (N, %) 66 (0.3) 50 (0.3) 46 (0.3) 041
Irregular cycle (N, %) 7040 (27.3) 3374 (19.0) 2488 (16.1) <0.0001
Age at menopause 255 years (N, %) 96 (0.37) 32 (0.18) 12 (0.08) <0.0001
Infertility (N, %) 446 (1.7) 282 (1.6) 241 (1.6) 0.17
Age at first birth >35 years (N, %) 122 (0.5) 90 (0.5) 42 (0.5) 0.86
Breastfeeding (N, %) 19,311 (74.7) 14,780 (83.2) 13,241 (85.7) <0.0001
Estrogen use (N, %) 405 (1.6) 219 (1.2) 223 (14) 0.16
Family history of breast cancer (N, %) 297 (1.2) 136 (0.8) 101 (0.7) <0.0001
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Table 2 Incidence rates of breast cancer by birth year in Chinese women
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All subjects Birth year
(N'=59,060) 1955-1958 (N = 25,836) 1959-1962 (N=17,772) 1963-1966 (N =15,452)
Cancer in situ
Person-years 302,019 136,574 88,645 76,800
No. of cases 43 18 17 8
Incidence (95%Cl) 142 (106, 19.2) 132 (83, 20.9) 192 (11.9,308) 104 (5.2, 20.8)
Adjusted HR (95%Cl) 1.00 1.06 (0.73, 1.51) 0.95 (0.53, 1.71)
Invasive cancer
Person-years 302,129 136,620 88,691 76,817
No. of cases 330 150 102 78
Incidence (95%Cl) 109.2 (980, 121.7) 109.8 (93,6, 128.8) 115.0 (94.7, 139.6) 101.5 (81.3, 126.8)
Adjusted HR (95%Cl) 1.00 1.85 (069, 1.98) 1.36 (0.25, 7.34)
All breast cancer
Person-years 302,019 136,574 88,645 76,800
No. of cases 373 168 119 86
Incidence (95%Cl) 1235 (1116, 136.7) 123.0 (105.7, 143.1) 134.2 (112.2, 160.7) 111.9 (90,6, 138.3)
Adjusted HR (95%Cl) 1.00 1.13 (0.80, 1.58) 0.98 (0.57, 1.73)

@ Adjusted for age (as a continuous variable), educational level (Primary school or below / Middle School / Technical school / High school / College or above,
dummy variables), in marriage (yes /no), regular menstrual cycle (yes / no), breastfeeding (ever / never) and family history of breast cancer (yes / no)

slightly higher than those in women born before
(1955-1958) [13.2 (95%CI: 8.3-20.9) and 109.8 (95%Cl:
100,000]
(1963-1966) [10.4 (95%CI: 5.2-20.8) and 101.5 (95%ClL:
81.3-126.8) per 100,000].

93.6-128.8) per

and after

the

famine

After adjusting for potential confounders, we found that
the prenatal exposure group had a slightly elevated hazard
ratio (HR) of cancer invasive (HR being 1.85, 95%CI:
0.69-1.98) and cancer in situ (HR being 1.06, 95%CI:

0.73-1.51) compared to the post-natal exposure group,

Table 3 Age-specific incidence rates of breast cancer by birth year in Chinese women

< 50 years old

50~52 years old

2 53 years old

PYs No. of cases Incidence (95%Cl)  PYs No. of cases Incidence (95%Cl)  PYs No. of cases Incidence (95%Cl)
Cancer in situ
By birth year
1955-1958 172 0 0.0 16415 3 183 (5.9, 56.6) 119986 15 12.5 (7.5, 20.7)
1959-1962 17395 5 287 (119, 689) 42818 4 9.3 (35, 24.8) 28431 8 28.1 (14.0, 56.0)
1963-1966 62302 6 96 (43,214) 14497 2 138 (34, 54.9) - - -
Overall 79870 11 13.8 (7.6, 24.8) 73731 9 122 (6.3, 234) 148418 23 155 (103, 23.2)
Invasive cancer
By birth year
1955-1958 172 0 0 16418 18 109.6 (69.1, 174.0) 120,030 132 109.9 (92.7, 130.4)
1959-1962 17,399 23 1322 (87.8,1989) 42838 53 123.7 (945,1619) 28453 26 913 (622, 134.2)
1963-1966 62314 66 1059 (83.2,1348) 14503 12 82.7 (46.9, 145.7) - - -
Overall 79,886 89 1114 (90.5,137.1) 73,760 83 1125(90.7, 139.5) 148483 158 1064 (91.0, 1244)
All breast cancer
By birth year
1955-1958 172 0 0 16416 21 1279 (834, 196.2) 119987 147 122.5 (104.2, 144.0)
1959-1962 17,395 28 1609 (111.1,233.1) 42818 57 133.1 (102.7,1726) 28431 34 119.6 (85.5, 167.4)
1963-1966 62,302 72 1156 (91.7,1456) 14497 14 96.6 (57.2, 163.1) - - -
Overall 79,870 100 1252 (1029, 152.3) 73,731 92 1248 (101.7,153.1) 148418 181 121.9 (1054, 141.1)
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while those unexposed to the Famine had a moderate
lower risk of cancer in situ (HR being 0.95, 95%CI:
0.53-1.71), but a slightly higher risk of invasive breast can-
cer (HR being 1.36, 95%CI: 0.25-7.34). However, the asso-
ciations did not reach statistical significance (Table 2).

We further calculated crude breast cancer incidence
by age groups (< 50, 50-52, and >53 years). As shown in
Table 3, in age group of 50-52 years during which the
three subgroups contributed to person years of observa-
tion, the incidence of invasive breast cancer was higher
in pre-natal exposed women than in post-natal exposed
or unexposed women. However, the incidence of cancer
in situ was slightly lower in the post-natal group. In age
groups of <50 years or >53 years, although the wide age
range may lead to residual confounding effect, the inci-
dence of breast cancer was also slightly higher in pre-
natal exposed women.

We curved the adjusted cumulative probabilities of
breast cancer incidence along with follow-up time by
birth years in Fig. 1 and Fig. 2. Women conceived or
born during the Great Famine had the highest cumula-
tive probabilities of breast cancer in situ along with the
time of following-up, while the post-natal exposure
group had the highest cumulative probabilities of inva-
sive breast cancer. We further curved the incidence of
breast cancer along with age by the three groups, and
found that pre-natal exposure group had higher inci-
dence of invasive cancer before 52 years old and higher
incidence of cancer in situ at all ages (figure not shown).

Sensitivity analyses observed similar results. As pre-
sented in Table 4, the crude incidence of breast cancer in
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situ and invasive were 20.5 (95%CI: 11.9-35.3) and 115.2
(95%CI: 91.6—144.9) per 100,000, respectively, in redefined
pre-natal exposure group (1960-1962), higher than those
in women born before (1955-1959) and after the famine
(1963-1966). In age group of 5052 years old, a higher in-
cidence of breast cancer was also observed in pre-natal
exposure women.

Discussion

The Great Famine in China, which has been viewed as a
“natural experiment” in Chinese population, provides us
a unique opportunity to evaluate how energy and nutri-
ent deprivation in early life affects the subsequent risk of
breast cancer in Chinese women. In this study including
59,060 Chinese women born in 1955-1966, we found
that the women exposed to famine during gestation had
a slightly higher incidence of breast cancer compared to
those born before and after the famine period. The ele-
vated breast cancer incidence in exposed women was
observed at age group of 50-52 years, when all partici-
pants  contributed person-years of observations.
However, the associations did not reach statistical sig-
nificance, suggesting that the effect of extreme malnutri-
tion in early life on subsequent risk of breast cancer may
not be profound in this population.

Several biological mechanisms have been proposed to
explain the effect of malnutrition in early life on subse-
quent risk of breast cancer. According to Barker’s “fetal
origin” hypothesis, adverse intrauterine conditions may
affect human health in later life [6], possibly through
“programming”, a process that permanently changes
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body structures and functions during the maturation of
organs and systems. The fetus may be particularly sus-
ceptible to environmental challenges due to rapidly pro-
liferating tissue and growth pathways. Energy deficiency
in early life along with lack of essential nutrients can
alter gene expression, leading to slowing of growth [29,
30] and elevated risk of diseases in adulthood [22, 31,
32], including female breast cancer [13, 14, 17]. Another
hypothesis is specifically related to breast cancer. Based
on existing empirical data, Trichopoulos [7] proposed
that increased concentrations of oestrogens in pregnancy
may increase the probability of future occurrence of
breast cancer in female offspring. In other words, it is
possible that exposure to decreased concentrations of
maternal oestrogens due to malnutrition (such as fam-
ine) may decrease subsequent risk of breast cancer in
daughters. Caloric deprivation has been observed to de-
crease the size of ovary as well as the secretion of estro-
gen in animals [33]. Trichopoulos’s hypothesis may help
to understand the potential differences in effects of the
prenatal and postnatal exposures, because only those
prenatal exposed to the famine may have exposed to de-
creased concentrations of maternal oestrogens.

Our results, although much weaker than those ob-
served in women exposed to the 1944 to 1945 Dutch
Famine in early life [13, 17], somewhat support the
“fetal origin” hypothesis of breast cancer. Unlike the
Dutch Hunger Winter which occurred in a previously
and subsequently well-nourished population, the
Great Famine in China happened in a population who
was historically under-nourished [34]. Compared to

the Dutch Hunger Winter, the Great Leap Forward
famine lasted much longer (3 years versus 6 months),
involved a far broader geographic area (the whole
country of China versus some limited areas of the
Netherlands), and caused much higher mortality (a
mortality of over 3.0% in China versus a mortality of
about 1.5% in the Netherlands during the famine) [20,
35, 36]. Even after the famine, a period of insufficient
nutrition, but not malnutrition, persisted in China
until the 1980s, [34, 37]. It is reported that China ex-
perienced a sharp reduction in grain production in
1959. The caloric intake in Chinese people declined
drastically below the minimum threshold for basic life
support during the famine, let alone fruits and vegeta-
bles [38]. During the Dutch Famine, however, the
pregnant or lactating women as well as infants were
provided extra foods, maintaining a balanced intake
of protein, fat and carbohydrate [39]. It is possible
that the persistent insufficient nutrition in Chinese
population before and even after the Famine may
have led to absence of “catch up growth” [40], result-
ing in a weaker positive association of malnutrition in
early life with subsequent risk of breast cancer.

The changed reproductive factors may also contribute
to the higher risk of breast cancer in exposed women. It
has been suggested that famine exposure in early life
may influence women’s reproductive performance in
later life [16, 41]. In this study, we also found that the
exposures group had a lower level of education, later age
at menopause, irregular menstrual cycle, were more
likely to have a family history of breast cancer but less



He et al. BMC Cancer (2017) 17:824 Page 7 of 9
Table 4 Sensitivity analysis of age-specific incidence rates of breast cancer by birth year in Chinese women
Incidence <50 years old 50~52 years old 2 53 years old
(93%C) PYs No. of Incidence PYs No. of Incidence PYs No. of Incidence
cases  (95%Cl) cases  (95%Cl) cases  (95%Cl)
Cancer in situ
By birth year
1955-1959 6 (8.9, 20.6) 1457 0 0 25904 3 6 (3.7, 35.9) 134518 19 14.1 (90, 22.1)
1960-1962 20.5 (11.9, 35.3) 16,109 5 31.0 (129, 74.5) 33330 4 120 (4.5, 31.9) 13900 4 28.8 (108, 76.7)
1963-1966 4(5.2,208) 62,302 6 96 (43, 214) 14497 2 13.8 (34, 55.15) - - -
Overall 2 (106, 19.2) 79870 1 138 (7.6, 24.9) 73,731 9 122 (64, 234) 148418 23 15.5(10.3, 23.3)
Invasive cancer
By birth year
1955-1959 5(95.5,1279) 1457 1 68.6 (9.7, 487.1) 25906 29 1119 (77.8,161.1) 134564 149 110.7 (94.3, 130.0)
1960-1962 2916, 1449) 16,114 22 136.5 (899, 207.3) 33351 42 1259 (93.1,1704) 13918 9
1963-1966 5(81.3,1268) 62314 66 1059 (83.2, 1348) 14503 12 82.7 (469, 145.7) - - -
Overall 109.2 (980, 121.7) 79,885 89 1114 (905, 137.3) 73,759 83 112.5(90.7,139.5) 148483 158 1064 (91.0, 124.4)
All breast cancer
By birth year
1955-1959 124.2 (108.1, 142.6) 1457 1 68.6 (9.7, 487.1) 25903 32 1235 (874,1746) 134518 168 124.9 (1074, 145.3)
1960-1962 1358 (1099, 167.7) 16,109 27 167.6 (1149, 2444) 33330 46 1380 (1034, 1843) 13900 13 935 (543, 161.1)
1963-1966 1119 (906, 1383) 62301 72 1156 (91.7,1456) 14497 14 96.6 (51.8, 163.0) - - -
Overall 1235 (111.6,136.7) 79870 100 1252 (1029, 152.3) 73,731 92 1248 (101.7, 153.1) 148418 181 121.9 (1054, 141.1)

likely in marriage and breast fed, which have been asso-
ciated with breast cancer risk [42, 43]. It is possible that
the effect of exposure to famine may partly mediated by
the changed reproductive pattern. These mediators were
adjusted in the analysis, possibly leading to underestima-
tion of the risk and the swoop between the incidence
rate and adjusted HR. Unfortunately, we could not make
further evaluations due to lack of detailed information
on menstrual and reproductive factors.

The strengths of this study include the relatively large
sample size, long-term following-up, and relative homo-
geneity in reproductive patterns due to the “one child”
family plan policy that persisted for more than 30 years
from 1978 to 2016 in China.

However, the study has several limitations. First, we
used the birth year rather than individual exposure data
to define exposed or unexposed groups, which may have
led to misclassification bias. Second, the study was not
based on a birth cohort, but just included women born
between 1955 and 1966. It was estimated that about
15-30 million people starved to death during the Great
Famine [44]. Fetuses, infants, children and adults in poor
health condition were more likely to die in the famine
[45]. Survival bias cannot be excluded, which may have
biased the associations between exposure to the Famine
and subsequent risk of breast cancer towards null. Fur-
thermore, women in unexposed group were much youn-
ger than those in other two subgroups. They did not

reach the peak age at diagnosis with breast cancer, which
was usually at 55-59 years old in Chinese women [46],
much younger than those in western women [47]. Re-
sidual confounding effect of age cannot be eliminated.
However, the increased age-specific incidence of breast
cancer at 50-52 years in prenatal exposure group partly
released our concern because at the age group all three
subgroups contributed to person years of observation.
Finally, we did not collect detailed information on
menopausal status, number of live birth, alcohol con-
sumption, cigarette smoking, body mass index (BMI)
and some other risk factors of breast cancer, which may
represent important confounding effects. Nevertheless,
given low rates of alcohol consumption and cigarette
smoking in Chinese women, postmenopausal status in
majority of our subjects and possible mediation effects
of the factors, these factors were not likely as important
confounders in this study.

Conclusions

In summary, our finding of a non-statistically signifi-
cant higher incidence of breast cancer in Chinese
women exposed to the Great Famine suggests a po-
tential moderate effect of malnutrition in early life on
subsequent risk of breast cancer. Longer following-up
of this cohort of women is warranted to confirm our
results.



He et al. BMC Cancer (2017) 17:824

Additional file

Additional file 1: Health Questionnaire for Breast Cancer Screening in
Minhang District, Shanghai (DOCX 20 kb)

Abbreviations
BMI: body mass index; Cls: confidence intervals; HR: hazard ratios; IGF: insulin-
like Growth Factor; IRB: Institutional Review Board

Acknowledgements

The authors would like to thank the study participants and the staff
members of communities in Minhang district of Shanghai, China, for their
contribution to the study. The work reported in this paper was undertaken
while hosted as a Senior Visiting Scientist at the International Agency for
Research on Cancer, Lyon, France.

Funding

This study was supported by the Shanghai Municipal Commission of Health
and Family Planning (15GWZK0801) and by the Natural Science Foundation
of Shanghai, China (12ZR1448700). The funding bodies played no role in the
design of the study and collection, analysis, and interpretation of data and in
writing the manuscript.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Authors’ contributions

DH and YF drafted the paper. DH, DX, YZ and JZ contributed to data
collection and quality control. MG, HF, and WHX contributed to study
design, statistical analysis and revision of the paper. All authors contributed
to the interpretation of data and revision of the manuscript. All authors
approved the final version.

Ethics approval and consent to participate

All procedures involving human participants were in accordance with the
Ethical standards of and approved by the Institutional Review Board (IRB) of
the Center for Disease Prevention and Control of Minhang district, Shanghai,
China. Due to written consent for any subsequent health surveys and health
services has been obtained from all participants when they were registered
in the electronic health record system of Minhang district, verbal consent
was obtained from each participant for this specific study. The Ethics
committee/IRB also approved obtaining verbal consent.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interest.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Center for Disease Control and Prevention of Minhang District, 965 Zhong
Yi Road, Shanghai 201101, China. Department of Epidemiology, School of
Public Health, Fudan University; Key Laboratory of Public Health Safety,
Ministry of Education (Fudan University), 138 Yi Xue Yuan Road, Shanghai
200032, China. >Section of Nutrition and Metabolism, International Agency
for Research on Cancer, 150 Cours Albert Thomas, 69008 Lyon, France.

Received: 19 July 2017 Accepted: 16 November 2017
Published online: 05 December 2017

References
1. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A. Global cancer
statistics, 2012. CA Cancer J Clin. 2015;65(2):87-108.

2.

20.

21.

22.

23.

24,

25.

26.

27.

Page 8 of 9

DeSantis CE, Bray F, Ferlay J, Lortet-Tieulent J, Anderson BO, Jemal A.
International variation in female breast cancer incidence and mortality rates.
Cancer Epidemiol Biomark Prev. 2015;24(10):1495-506.

Fan L, Strasser-Weippl K, Li JJ, St Louis J, Finkelstein DM, KD Y, Chen WQ,
Shao ZM, Goss PE. Breast cancer in China. Lancet Oncol. 2014;15(7):e279-89.
Zhang J, Dhakal 1B, Zhao Z, Li L. Trends in mortality from cancers of the
breast, colon, prostate, esophagus, and stomach in East Asia: role of
nutrition transition. Eur J Cancer Prev. 2012;21(5):480-9.

Yu H, Harris RE, Gao YT, Gao R, Wynder EL. Comparative epidemiology of
cancers of the colon, rectum, prostate and breast in shanghai, China versus
the United States. Int J Epidemiol. 1991,20(1):76-81.

Bradley P. Fetal and infant origins of adult disease. BMJ. 1991,302(6768):113.
Trichopoulos D. Hypothesis: dose breast cancer originate in utero? Lancet.
1990;335(8695):939-40.

Pariza MW. Calorie restriction, ad libitum feeding, and cancer. Proc Soc Exp
Biol Med. 1986;183(3):293-8.

Dirx MJ, Zeegers MP, Dagnelie PC, van den Bogaard T, van den Brandt PA.
Energy restriction and the risk of spontaneous mammary tumors in mice: a
meta-analysis. Int J Cancer. 2003;106(5):766-70.

Sluczanowska-Glabowska S, Laszczynska M, Piotrowska K, Grabowska M,
Grymula K, Ratajczak MZ. Caloric restriction increases ratio of estrogen
to androgen receptors expression in murine ovaries—potential
therapeutic implications. Journal of ovarian research. 2015;8:57.

Michels KB, Xue F. Role of birthweight in the etiology of breast cancer. Int J
Cancer. 2006;119(9):2007-25.

Xue F, Michels KB. Intrauterine factors and risk of breast cancer: a
systematic review and meta-analysis of current evidence. Lancet Oncol.
2007;8(12):1088-100.

Elias SG, Peeters PH, Grobbee DE, van Noord PA. Breast cancer risk after
caloric restriction during the 1944-1945 Dutch famine. J Natl Cancer Inst.
2004;96(7):539-46.

Roseboom T, de Rooij S, Painter R. The Dutch famine and its long-term
consequences for adult health. Early Hum Dev. 2006;82(8):485-91.

Elias SG, Peeters PH, Grobbee DE, van Noord PA: The 1944-1945 Dutch
famine and subsequent overall cancer incidence. Cancer Epidemiol.
Biomarkers Prev. : a publ Am Assoc Cancer Res, cosponsored Am. Soc. Prev
Oncol 2005, 14(8):1981-1985.

Elias SG, van Noord PA, Peeters PH, den Tonkelaar |, Kaaks R, Grobbee DE.
Menstruation during and after caloric restriction: the 1944-1945 Dutch
famine. Fertil Steril. 2007;88(4 Suppl):1101-7.

Painter RC, De Rooij SR, Bossuyt PM, Osmond C, Barker DJ, Bleker OP,
Roseboom TJ. A possible link between prenatal exposure to famine and
breast cancer: a preliminary study. Am J Hum Biol. 2006;18(6):853-6.
Roseboom TJ, Painter RC, van Abeelen AF, Veenendaal MV, de Rooij SR.
Hungry in the womb: what are the consequences? Lessons from the Dutch
famine. Maturitas. 2011;70(2):141-5.

Ashton B, Hill K, Piazza A, Zeitz R. Famine in china, 1958-61. Popul Dev
Rev. 1984;10(4):613-45.

Zhou X. The great famine in China, 1958-1962 : a documentary history.
New Haven: Yale University Press; 2012.

Zheng X, Wang Y, Ren W, Luo R, Zhang S, Zhang JH, Zeng Q. Risk of
metabolic syndrome in adults exposed to the great Chinese famine during
the fetal life and early childhood. Eur J Clin Nutr. 2012;66(2):231-6.

Wang Y, Wang X, Kong Y, Zhang JH, Zeng Q. The great Chinese famine
leads to shorter and overweight females in Chongging Chinese population
after 50 years. Obesity (Silver Spring). 2010;18(3):588-92.

Wu F, D H, Zhao G, Fang H, Xu W. Risk factors of breast cancer and a risk
predictive model for Chinese women in shanghai, China. Chin J Cancer Prev
Treat. 2017;24(12):795-807.

Gao S, Yang WS, Bray F, Va P, Zhang W, Gao J, Xiang YB. Declining rates of
hepatocellular carcinoma in urban shanghai: incidence trends in 1976-2005.
Eur J Epidemiol. 2012;27(1):39-46.

QiD,Wu C, LiuF, GuK, Shi Z, Lin X, Tao S, Xu W, Brendler CB, Zheng Y, et al.
Trends of prostate cancer incidence and mortality in shanghai, China from
1973 to 2009. Prostate. 2015;75(14):1662-8.

Bao PP, Zheng Y, CX W, Peng P, Gong YM, Huang ZZ, Fan W. Population-
based survival for childhood cancer patients diagnosed during 2002-2005 in
shanghai, China. Pediatr Blood Cancer. 2012;59(4):657-61.

Li C, Lumey LH. Exposure to the Chinese famine of 1959-61 in early life
and long-term health conditions: a systematic review and meta-analysis.
Int J Epidemiol. 2017;


dx.doi.org/10.1186/s12885-017-3794-3

He et al. BMC Cancer (2017) 17:824

28.

29.

30.

31

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

Zhang X, Loberiza FR, Klein JP, Zhang MJ, SAS A. Macro for estimation
of direct adjusted survival curves based on a stratified Cox regression
model. Comput Methods Prog Biomed. 2007,88(2):95-101.

Barker DJ. Intrauterine programming of adult disease. Mol Med Today. 1995;
1(9):418-23.

Bryce J, Coitinho D, Darnton-Hill I, Pelletier D, Pinstrup-Andersen P. Maternal
and child undernutrition: effective action at national level. Lancet. 2008;
371(9611):510-26.

van Abeelen AF, Elias SG, Bossuyt PM, Grobbee DE, van der Schouw YT,
Roseboom TJ, Uiterwaal CS. Famine exposure in the young and the risk of
type 2 diabetes in adulthood. Diabetes. 2012;61(9):2255-60.

Wang N, Wang X, Han B, Li Q, Chen Y, Zhu C, Chen Y, Xia F, Cang Z, Zhu C,
et al. Is exposure to famine in childhood and economic development in
adulthood associated with diabetes? J Clin Endocrinol Metab. 2015;100(12):
4514-23.

Sylvester PW, Aylsworth CF, Meites J. Relationship of hormones to inhibition
of mammary tumor development by underfeeding during the “critical
period” after carcinogen administration. Cancer Res. 1981;41(4):1384-8.

Lam HM, Remais J, Fung MC, Xu L, Sun SS. Food supply and food safety
issues in China. Lancet. 2013;381(9882):2044-53.

Dirx MJ, van den Brandt PA, Goldbohm RA, Lumey LH. Diet in adolescence
and the risk of breast cancer: results of the Netherlands cohort study.
Cancer Causes Control. 1999;10(3):189-99.

Lumey LH, Van Poppel FW. The Dutch famine of 1944-45: mortality and
morbidity in past and present generations. Soc Hist Med. 1994;7(2):229-46.
Kantha SS. Nutrition and health in China, 1949 to 1989. Prog Food Nutr Sci.
1990;14(2-3):93-137.

Lin JY, Yang DT. Food availability, entitlements and the Chinese famine of
1959-61. Econ J. 110(460):136-58.

Burger GCE, Sandstead HR, Drummond JC: Malnutrition and starvation in
western Netherlands, September 1944 to July 1945: part | and II. The Hague:
general state printing office; 1948.

Cho WK, Suh BK. Catch-up growth and catch-up fat in children born small
for gestational age. Korean J Pediatr. 2016;59(1):1-7.

Yarde F, Broekmans FJ, van der Pal-de Bruin KM, Schonbeck Y, te Velde ER,
Stein AD, Lumey LH. Prenatal famine, birthweight, reproductive
performance and age at menopause: the Dutch hunger winter families
study. Human reproduction (Oxford, England). 2013,;28(12):3328-36.
Anderson KN, Schwab RB, Martinez ME. Reproductive risk factors and breast
cancer subtypes: a review of the literature. Breast Cancer Res Treat. 2014;
144(1):1-10.

Kapil U, Bhadoria AS, Sareen N, Singh P, Dwivedi SN. Reproductive factors
and risk of breast cancer: a review. Indian J Cancer. 2014;51(4):571-6.

Peng X. Demographic consequences of the great leap forward in China's
provinces. Popul Dev Rev. 1987;13(4):639-70.

Song S. Does famine have a long-term effect on cohort mortality? Evidence
from the 1959-1961 great leap forward famine in China. J Biosoc Sci. 2009;
41(4):469-91.

Zeng H, Zheng R, Zhang S, Zou X, Chen W. Female breast cancer statistics
of 2010 in China: estimates based on data from 145 population-based
cancer registries. Journal of thoracic disease. 2014,6(5):466-70.

Leong SP, Shen ZZ, Liu TJ, Agarwal G, Tajima T, Paik NS, Sandelin K, Derossis
A, Cody H, Foulkes WD. Is breast cancer the same disease in Asian and
western countries? World J Surg. 2010;34(10):2308-24.

Page 9 of 9

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal
* We provide round the clock customer support

e Convenient online submission

* Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolVled Central




	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Subjects and study design
	Identification of incident breast cancer
	Statistical analysis

	Results
	Discussion
	Conclusions
	Additional file
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

