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Abstract
We evaluated the hypothesis that a pattern of behavioral
exposures indicating positive energy balance [i.e., less
exercise/sport activity, high body mass index (BMI), or
high energy intake] would be associated with an increased
breast cancer risk in the Shanghai Breast Cancer Study, a
population-based study of 1,459 incident breast cancer cases
and 1,556 age frequency-matched controls. Participants
completed in-person interviews that collected information
on breast cancer risk factors, usual dietary intake and
physical activity in adulthood. Anthropometric indices were
measured. Odds ratios and 95% confidence intervals were
estimated by logistic regression to describe the individual
and joint effects of the exposures on breast cancer risk.
Lack of exercise/sport activity, low occupational activity,
and high BMI were all individually associated with
increased risk of breast cancer [odds ratios (OR) ranged
from 1.49 to 1.86]. In general, women with lower exercise/

sport activity level and higher BMI, or those with higher
energy intake, were at an increased risk compared with
women who reported more exercise/sport activities, had
lower BMIs, or reported less energy intake. There was a
significant multiplicative interaction (P = 0.02) between
adult exercise/sport activity and BMI, with inactive women
in the upper BMI quartile being at increased risk (OR, 2.16;
95% confidence interval, 1.25-3.74) compared with their
active and lean counterparts. This association was stronger
in postmenopausal than in premenopausal women, and
nonexercising postmenopausal women with higher BMIs
were at substantially increased risk (OR, 4.74; 95%
confidence interval, 2.05-12.20). Our study suggests that
promotion of behavior patterns that optimize energy
balance (weight control and increasing physical activity)
may be a viable option for breast cancer prevention. (Cancer
Epidemiol Biomarkers Prev 2005;14(6):1496 – 501)

Introduction
Restriction of calories by 10% to 40% of ad libitum intake
inhibits mammary gland tumors in animal models
by decreasing cell proliferation, increasing apoptosis, and
possibly through antiangiogenic processes (1, 2). The effect of
energy restriction on breast cancer risk has been examined in
epidemiologic studies with mixed results. Michels et al. (3)
prospectively followed a cohort of Swedish women diagnosed
and treated for anorexia before age 40 and reported they had
nearly half the risk of breast cancer compared with agematched controls. Studies examining the influence of warrelated famine on breast cancer have provided conflicting
results with one study suggesting decreased risk (4), and
another study suggesting increased risk (5), for women
exposed to short-lived famine conditions. In contrast, premenopausal obesity is associated with reduced risk of the disease,
whereas postmenopausal obesity is associated with increased
risk (6). Long-term participation in high levels of physical
activity has also been associated with reduced risk of the
disease (7, 8). The independent effect of energy intake on
breast cancer risk has been difficult to estimate because body
size and physical activity are strong determinants of total
energy expenditure (9).
Given the substantial level of weight gain in industrialized
countries in the last two decades (10, 11), there is great interest
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in understanding the influence of energy balance on cancer
risk and to develop preventive strategies that can effectively
minimize excess risk. The potent anticancer effect of caloric
restriction in animals is clear, but caloric restriction alone is not
generally considered to be a feasible strategy for cancer
prevention in humans. However, the identification and
development of preventive strategies that ‘‘mimic’’ the
anticancer effects of low energy intake are desirable (12).
Caloric restriction limits systemic energy availability by
restricting energy intake at a low level (1). Energy balance
can be conceptualized as the difference between intake and
expenditure and, thus, can be modulated by changes in intake,
expenditure, or both (1, 13). Acute restriction of available
energy in women, by dietary restriction, physical activity
energy expenditure, or combinations of both, has been shown
to produce a hormonal and metabolic milieu that mimics
several features of caloric restriction and is consistent with a
low risk for breast cancer (e.g., reduced insulin, less bioavailable insulin-like growth factor-I; refs. 12, 14-17).
A methodologic problem in measuring energy balance, in
particular energy intake, is the phenomena of subjects
reporting lower energy intake than physiologically required,
noted as underreporting (18). Underreporting of energy intake
is expressed as a ratio of reported energy intake to estimated
basal metabolic rate (EI/BMRest; refs. 19, 20).
Serious underreporting of energy intake has mostly been
observed in obese people (21-23). A higher body mass index
(BMI) has been shown to be an independent predictor of low
EI/BMRest (22, 24, 25). Underreporting energy intake in the
obese population may be perpetuated by desire for weight
change and level of dietary consciousness. Several studies
suggest that obese underreporters are more likely to estimate
low intakes of foods perceived unhealthy than those perceived
as healthy (25, 26). Systematic underreporting differentiates
across members of the study sample and may lead to bias in
associations between food intake patterns and certain disease
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outcomes; in this case, associations between dietary intakes
and obesity-related diseases like breast cancer.
There is limited research on underreporting and increased
body size in the Asian population, primarily due to the low
prevalence of obesity in the Asian population. Study results
have been contradictory to the findings in other world
populations where obese individuals are more likely to underreport. A recent study in Japanese female college students
where 95% were classified as nonobese (BMI <25 kg/m2)
revealed BMI, body weight, and basal metabolic rate decreased
significantly with the increase in EI/BMRest (P < 0.001; ref. 27).
In short, underreporting of energy intake was predominant in
this relatively lean population.
Obesity also has a low prevalence in the Shanghai female
population (28). To prevent underreporting, which is indicative in members of the female nonobese Asian population, the
instrument used to assess energy intake was an interview
administered in-person using a quantitative food frequency
questionnaire, based on data from a 24-hour dietary survey in
a validation study conducted in 200 Shanghai women (29)
versus a self-administered, self-reported food frequency
questionnaire. Self-reported dietary questionnaires have been
proven to be prone to underestimated energy intake (21, 30).
We have previously reported significant associations of
body size (weight, height) and weight gain (28), and high
levels of exercise/sport activity (31) with breast cancer risk in
the Shanghai Breast Cancer Study. In this report, we reevaluate
indicators of energy balance that we have found previously to
be associated with risk, as well as energy intake, and test the
hypothesis that behavioral patterns indicating greater energy
availability (i.e., low exercise/sport activity, high BMI, or high
energy intake) may be associated with increased breast cancer
risk compared with patterns of exposure indicating restricted
energy availability (i.e., high exercise/sport activity and low
BMI or low energy intake).

five exercises or sport activities during adolescence (13-19
years) and adulthood (last 10 years). Quantitative exercise/
sport data were summarized in terms of intensity [metabolic
equivalents (MET), duration (h/wk), years of participation,
and average energy expenditure during the period (MET-h/
wk/y) using standard methods; ref. 31]. Women also reported
their occupational physical activity levels for jobs they held for
at least 3 years during their lifetime. For each occupation,
participants reported the average time spent in ‘‘standing or
walking’’ and classified the physical exertion of the job
according to three activity categories (i.e., heavy, medium, or
nonphysical work). Summary measures were calculated by
multiplying the years spent in each occupation by the specific
activity variable and then summing the results over all jobs. A
similar version of this physical activity questionnaire has been
found to be a reliable and valid assessment of exercise and
sports in Shanghai women (32).
P values were derived from t tests for univariate comparisons (Table 1). Unconditional logistic regression was used to
derive adjusted odds ratios (OR) and 95% confidence intervals
(95% CI) to estimate the associations between breast cancer risk
and the individual indicators of energy balance (exercise/sport
activity, occupational activity, BMI, energy intake) as well as
the joint effects of these exposures. Multivariate analyses were
adjusted for the following variables: breast cancer in firstdegree relative, history of breast fibroadenoma, household
income, education, age at first live birth, height, and
menopausal status when appropriate. Exposure levels for
continuous variables, BMI, and energy intake were categorized
according to quartile distributions among controls. Trend tests
were conducted by treating categorical variables as the ordinal
values of the quartile levels in the model. Multiplicative
interactions were evaluated using the cross-product terms of
relevant exposures along with the main effect terms in the
model.

Results

Materials and Methods
The Shanghai Breast Cancer Study was designed to recruit
women ages 25 to 64 who were newly diagnosed with breast
cancer, and a random sample of healthy controls. Study
participants were permanent residents of urban Shanghai and
were enrolled in the study between August 1996 and March
1998. Women with a prior history of cancer or who were
deceased at the time of interview were not eligible for the
study. Through a rapid case ascertainment system, supplemented by the population-based Shanghai Cancer Registry,
1,602 eligible incident breast cancer cases were identified
during the study period and in-person interviews were
completed for 1,459 (91.1%) of them. Controls were randomly
selected from female residents in urban Shanghai, using the
population-based Shanghai Resident Registry, and frequencymatched to cases by age (5-year intervals). In-person interviews were completed with 1,556 (90.3%) of 1,724 eligible
controls.
Trained interviewers conducted an in-person interview and
measured eligible women for weight, circumference of waist
and hips, and height (according to a standard protocol; ref. 28).
From these data, waist/hip ratio and BMI (kg/m2) were
calculated. The structured questionnaire elicited detailed
information on demographic factors, menstrual and reproductive history, hormone use, dietary habits, prior disease history,
physical activity, tobacco and alcohol use, and family history
of cancer.
Usual adult dietary intake was collected using a comprehensive quantitative food frequency questionnaire that covers
>85% of commonly consumed foods in urban Shanghai (32). A
physical activity questionnaire assessed exercise/sport activity
and occupational activity levels. Women could report up to

The descriptive characteristics for cases and controls in the
Shanghai Breast Cancer Study are presented in Table 1. Cases
had an earlier age of menarche, later age of menopause, and
first live birth. Proportionally more cases had breast fibroadenomas and first-degree relatives with breast cancer. There
were positive associations between breast cancer risk and low
levels of exercise/sport activity in adulthood and lifetime
occupational activity, and increased BMI, waist/hip ratio, and

Table 1. Comparisons of cases and controls on demographics and selected breast cancer risk factors (Shanghai Breast
Cancer Study, 1996-1999)
P

Characteristics

Cases
(n = 1,459)

Controls
(n = 1,556)

Age
Education(%)
No formal education
Elementary school
Middle + high school
Profession, college and above
Breast cancer in
first-degree relatives (%)
Ever had breast
fibroadenoma (%)
Nulliparous (%)
Age at first live birth (y)
Menarcheal age (y)
Postmenopausal (%)
Menopausal age (y)*

47.93 F 7.99

47.25 F 8.79

0.24

3.63
8.50
74.3
13.6
3.7

5.46
8.42
75.4
10.7
2.4

0.012
0.045

9.6

5.0

5.1
26.7 F 4.2
14.5 F 1.6
34.5
48.1 F 4.6

3.9
26.2 F 3.9
14.7 F 1.7
36.2
47.4 F 4.9

*Among postmenopausal women only.
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0.126
<0.01
<0.01
0.321
0.02
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adult height (Table 2). Greater energy intake alone was not
associated with risk of breast cancer (Table 2).
The joint associations of these energy balance indicators
reflecting gradations in energy availability with breast cancer
are presented for all women and by menopausal status in
Table 3. In general, women with combined patterns of
exposure indicating a positive energy balance were at
increased risk compare to women with exposure patterns
indicating more restricted energy balance. That is, women with
lower physical activity levels and higher BMIs, and low physical activity levels and high energy intakes, were at increased
risk relative to women with higher activity levels who were
lean and/or who reported consuming fewer calories (Table 3).
A significant multiplicative interaction was found between
exercise/sports activity and BMI (Table 3). Women reporting
no exercise with BMIs >25 kg/m2 were at >2-fold increased
risk compared with women reporting >2.92 MET-h/d/y of
exercise with a BMI of <21 kg/m2. Higher BMI was unrelated
to breast cancer risk among women who exercised (OR, 0.75;
95% CI, 0.38-1.47). Similarly, lack of exercise was unrelated to
risk among lean women (OR, 1.29; 95% CI, 0.74-2.23).
The results revealed that the type of physical inactivity
pattern differed markedly between premenopausal and postmenopausal women. Among premenopausal women, lack of
exercise/sport activity is not associated with risk (OR, 1.11;
95% CI, 0.52-2.38), whereas low levels of occupational activity
were associated with increased risk (OR, 2.21; 95% CI, 1.204.20).
In contrast, low levels of both exercise/sport activity (OR,
4.74; 95% CI, 2.00-11.19) and occupational activity (OR, 3.13;
95% CI, 1.43-6.86) were associated with increased risk in
postmenopausal women. This divergence between menopausal
statuses may be explained by younger women engaging in more
occupational physical activity and postmenopausal women
(22%) engaging in more exercise participation than their
younger counterparts (13%).
Table 2. ORs and 95% CIs for breast cancer risk associated
with exercise/sport activity, occupational activity, BMI,
waist/hip ratio, height and energy intake
Case/control

OR (95% CI)

Adult exercise/sports (MET-h/d/y)
>2.92
11/18
1.0
0 < h V 2.92
147/188
1.33 (0.96-1.83)
0
1,199/1,181
1.86 (1.44-2.41)
<0.001
P trend
Occupational activity (hours of standing work per day, h/d/y)
Adult
>4
469/581
1.0
0 < h V4
716/742
1.17 (0.99-1.37)
0
256/211
1.49 (1.19-1.86)
0.0006
P trend
2
BMI (kg/m )
<21
333/439
1.0
21 <BMI <25
679/714
1.27 (1.06-1.52)
>25
443/402
1.49 (1.21-1.83)
0.0002
P trend
Waist/hip ratio
<0.76
256/347
1.0
0.76 < waist/hip ratio <0.84
806/868
1.25 (1.03-1.51)
>0.84
394/340
1.60 (1.28-2.00)
<0.0001
P trend
Energy intake (kcal/d)
<1,540
355/397
1.0
1,540 < kcal <2,107
716/790
0.99 (0.83-1.18)
>2,107
388/369
1.15 (0.93-1.41)
0.1921
P trend
NOTE: Data were adjusted for age at interview, education, income, history of
fibroadenoma, history of breast cancer among first-degree relatives, and ever
had live birth. Occupational activity was measured as the average time spent in
standing or walking and classified into one of three activity categories (i.e.,
heavy, medium, or nonphysical work).

There was no indication of a joint effect between physical
activity and energy intake on breast cancer risk among
premenopausal women. This finding may reflect the much
greater degree of measurement error using an in-person
interview to measure food frequency intake than using
measured weight and height used to calculate BMI. Joint
presence of high-energy intake and low physical activity,
however, was associated with a higher risk of breast cancer
than each of these factors alone among postmenopausal
women. However, test for multiplicative interaction were not
statistically significant (Table 3).
Additional analyses were conducted to evaluate the threeway interactions between physical activity, energy intake, and
BMI (Table 4). Highest risk was consistently observed for
women who were less active, who were heavier, and who
consumed more calories. High energy intake added minimal
additional risk (Table 4).

Discussion
Few epidemiologic studies of breast cancer have examined the
joint effects of physical activity, body size, and energy intake
on risk. Those studies that examine the effects of physical
activity and body size provide inconclusive evidence on
breast cancer risk. Some studies have suggested that higher
levels of activity conferred the most benefit among lean
postmenopausal (33) versus lean premenopausal women (34).
On the other hand, some studies found that higher levels of
physical activity are unrelated to postmenopausal (35) and
premenopausal women’s breast cancer risk (36, 37). In
contrast, we found that increased breast cancer risk was
associated with occupational inactivity in the higher BMI
premenopausal population and with exercise/sport inactivity
in the higher BMI postmenopausal population.
Several explanations might explain a difference in the
strength of association between physical activity, body size,
and risk of breast cancer depending on menopausal status in
our study. Discrepancies in findings between studies may be
attributed to lack of information about total or specific
components of physical activity (thus, no information on
occupational activity) in contrast to our study including both
exercise/sport and occupational activity. This may explain
why there are null findings on physical activity and
premenopausal breast cancer risk (36, 37) and limited evidence
that a lack of occupational activity is detrimental in the
postmenopausal population (33, 35). Our study computed the
intensity [metabolic equivalents (MET), duration (h/wk), years
of participation, and average energy expenditure during the
period (MET-h/wk/y)] using standard methods allowing
study of dose-response relationships and long-term effects of
physical activity on breast cancer risk. This is in contrast to the
Norwegian study that measured the total physical activity
(recreational and occupational) using self-administered questionnaires (34) but did not measure the duration and intensity
of the activities done.
The joint relationship between higher energy intake and
breast cancer risk is less striking in this population. We have
taken precautions to minimize underreporting and misclassification bias of energy intake by using a validated in-person
food frequency questionnaire versus 24-hour food records that
may attenuate the associations between diet and disease.
However, individual dietary habits are influenced by a host of
social, cultural, customary, and economic factors; thus, assessments of diet in a relatively homogenous population may
weaken the disease-diet relationship (38).
There is good evidence that restricted energy availability is
associated with a hormonal and/or metabolic milieu that
would be predicted to reduce breast cancer risk (16, 39). For
example, Loucks et al. (16) report that restricted energy
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availability was associated with reduced insulin and bioavailable insulin-like growth factor-I (e.g., insulin-like growth
factor-I/insulin-like growth factor binding protein-3 ratio), as
well as reduced leptin levels. C peptide and some elements of
the insulin-like growth factor axis have been associated with
breast cancer risk in the Shanghai Breast Cancer Study (40, 41)
as well as a number of other breast cancer studies (42). Leptin
levels have been positively associated with cell proliferation in
mammary tissue and, thus, may be a growth factor that
influences carcinogenesis (43, 44). Moreover, lower levels of
energy availability have been associated with luteal phase
deficiency (i.e., shorter luteal phase, lower progesterone) in
premenopausal women (39). Among postmenopausal women,
this exposure pattern would limit the accumulation of adipose
tissue during adulthood and subsequently reduce postmenopausal estrogen exposure through aromatization of adrenal
androgens (45).
Studies in animal models examining the combined effects of
exercise and caloric restriction on cancer outcomes have
provided mixed results. Holloszy (46) reported that both
exercise and caloric restriction, and the combination of both,
reduced cancer mortality. Kritchevsky (47) reported that these
same exposures reduced tumor incidence and multiplicity for
dimethylhydrazine-induced colon tumors in rats. In contrast,
Gillette (48) failed to find evidence of an energy availability
effect on 1-methyl-1-nitorsomethylurea – induced mammary
tumors in rats. Clearly, more research is needed to elucidate
the impact of patterns of behavior that favor lower levels of
energy availability on cancer biomarkers and frank cancer
outcomes.

Although we believe that these data are consistent with the
energy availability hypothesis, we acknowledge some apparent inconsistencies in our results. The type of physical activity
that conferred benefit was not consistent for premenopausal
and postmenopausal women. Among premenopausal women,
low levels of occupational activity were associated with
increased risk, whereas among postmenopausal women low
levels of both exercise/sport activity and occupational activity
were associated with increased risk. This inconsistency may be
explained by the lower prevalence of exercise/sport participation among premenopausal compared with postmenopausal
women in these data, and because occupational physical
activity contributes a greater proportion of overall physical
activity energy expenditure in younger women. The discrepancies may also affect the opposite effect of BMI for
premenopausal and postmenopausal breast cancer with energy
intake. Interestingly, in this study, we also found that the joint
effect of physical activity and energy intake was more evident
among postmenopausal women, suggesting that energy
balance may have differential effects on premenopausal and
postmenopausal women.
This study has several strengths. It was a population-based,
case-control study that included incident cases and that
obtained detailed information about traditional breast cancer
risk factors that allowed for full adjustment for possible
confounding factors. Participation rates were high (>90%) for
both cases and controls, suggesting that the potential for
selection bias in this study is low. The primary instruments
used to obtain physical activity and dietary information in this
study have been tested for reliability and validity in a

Table 3. Association of adult exercise/sport activity levels, occupational activity levels, BMI, energy intake and breast
cancer risk between premenopausal and postmenopausal women (Shanghai Breast Cancer Study, 1996-1999)
BMI (kg/m2)
Q1 (<21)
All women
Adult exercise/sports (MET-h/d/y)
>2.92
1.0
0 < h V 2.92
1.02 (0.51-2.05)
0
1.29 (0.74-2.23)
0.02
P interaction
Occupational activity (h/d/y)
>4
1.0
0 < h V4
1.01 (0.72-1.41)
0
1.34 (0.86-2.09)
0.35
P interaction
Premenopausal
Adult exercise/sports (MET-h/d/y)
>2.92
1.0
0 < h V 2.92
0.65 (0.26-1.62)
0
0.81 (0.38-1.71)
0.17
P interaction
Occupational activity (h/d/y)
>4
1.0
0<hV4
0.94 (0.65-1.38)
0
1.55 (0.93-2.58)
0.44
P interaction
Postmenopausal
Adult exercise/sports (MET-h/d/y)
>2.92
1.0
0 < h V 2.92
1.68 (0.53-5.34)
0
2.07 (0.85-5.07)
0.12
P interaction
Occupational activity (h/d/y)
>4
1.0
0<hV4
1.26 (0.60-2.63)
0
0.97 (0.38-2.51)
0.64
P interaction

Energy intake (kcal/d)
Q2-Q3
(21 < BMI < 25)

Q4 (>25)

Q1 (<1,540)

Q2-Q3
(1,540 < EI < 2,107)

Q4 (>2,107)

1.07 (0.57-2.00)
1.22 (0.66-2.26)
1.68 (0.98-2.88)

0.75 (0.38-1.47)
1.42 (0.74-2.74)
2.16 (1.25-3.74)

1.0
1.06 (0.53-2.14)
1.52 (0.87-2.66)
0.31

0.83 (0.44-1.56)
1.24 (0.67-2.31)
1.49 (0.86-2.59)

0.85 (0.43-1.69)
1.05 (0.54-2.08)
1.87 (1.06-3.28)

1.13 (0.82-1.56)
1.41 (1.04-1.92)
1.73 (1.19-2.54)

1.37 (0.97-1.94)
1.59 (1.13-2.23)
2.47 (1.57-3.88)

1.0
1.16 (0.84-1.62)
1.63 (1.06-2.50)
0.95

1.01 (0.75-1.38)
1.15 (0.86-1.54)
1.46 (1.01-2.11)

1.13 (0.80-1.59)
1.35 (0.97-1.88)
1.82 (1.15-2.88)

0.82 (0.33-2.03)
0.85 (0.36-2.00)
1.01 (0.48-2.12)

0.74 (0.24-2.30)
0.54 (0.20-1.48)
1.11 (0.52-2.38)

1.0
0.56 (0.18-1.78)
0.77 (0.28-2.10)
0.37

0.60 (0.19-1.88)
0.57 (0.19-1.68)
0.67 (0.25-1.81)

0.58 (0.18-1.89)
0.49 (0.15-1.54)
0.87 (0.32-2.39)

1.14 (0.79-1.65)
1.29 (0.91-1.83)
1.78 (1.13-2.80)

1.09 (0.71-1.68)
1.31 (0.87-1.98)
2.25 (1.20-4.20)

1.0
1.24 (0.82-1.86)
1.92 (1.12-3.29)
0.37

0.98 (0.67-1.44)
1.01 (0.70-1.46)
1.57 (0.99-2.51)

1.20 (0.77-1.87)
1.30 (0.85-1.97)
1.71 (0.92-3.19)

1.65 (0.65-4.19)
1.80 (0.69-4.68)
3.00 (1.28-7.05)

1.19 (0.45-3.12)
3.30 (1.27-8.57)
4.74 (2.00-11.19)

1.0
1.32 (0.51-3.43)
1.82 (0.87-3.79)
0.34

0.96 (0.43-2.13)
1.85 (0.83-4.13)
2.51 (1.24-5.08)

0.90 (0.37-2.19)
1.55 (0.64-3.77)
2.71 (1.31-5.63)

1.14 (0.57-2.28)
1.81 (0.92-3.57)
1.83 (0.85-3.94)

1.94 (0.97-3.88)
2.17 (1.09-4.32)
3.13 (1.43-6.86)

1.0
1.01 (0.56-1.81)
1.25 (0.60-2.59)
0.34

1.11 (0.66-1.85)
1.51 (0.92-2.49)
1.36 (0.74-2.50)

1.01 (0.57-1.78)
1.45 (0.84-2.51)
2.06 (1.04-4.08)

NOTE: Data were adjusted for age at interview, education, income, history of fibroadenoma, history of breast cancer among first-degree relatives, ever had live birth,
height, and menopausal status. Occupational activity was measured as the average time spent in standing or walking and classified into one of three activity
categories (i.e., heavy, medium, or nonphysical work).
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Table 4. Joint effects of adult exercise and sport activity levels, occupational activity levels, energy intake, and BMI on
breast cancer risk
BMI (kg/m2)

Energy intake (kcal/d)

All women
Adult exercise/sports (MET-h/d/y)
Yes
No
P interaction
Premenopausal
Occupational activity (h/d/y)
Yes
No
P interaction
Postmenopausal
Adult exercise/sports (MET-h/d/y)
Yes
No

Low (<1,794)
High (>1,794)
Low (<1,794)
High (>1,794)

Low (<21)

Intermediate
(21 V BMI V 25)

High (z25)

1.0 (Reference)
0.74 (0.37-1.46)
1.12 (0.66-1.90)
0.93 (0.54-1.60)

0.94
0.91
1.25
1.47

(0.52-1.71)
(0.51-1.63)
(0.75-2.09)
(0.88-2.46)

0.92
0.81
1.69
1.79

(0.48-1.76)
(0.44-1.50)
(0.98-2.89)
(1.06-3.05)

1.12
1.23
1.48
1.99

(0.83-1.52)
(0.90-1.68)
(0.88-2.51)
(1.13-3.53)

1.08
1.22
2.82
1.51

(0.72-1.61)
(0.85-1.75)
(1.29-6.18)
(0.64-3.54)

0.90
1.03
1.59
1.83

(0.35-2.31)
(0.43-2.51)
(0.68-3.73)
(0.79-4.25)

1.15
1.12
2.55
2.84

(0.45-2.77)
(0.45-2.77)
(1.07-6.04)
(1.21-6.67)

0.65
Low (<1,794)
High (>1,794)
Low (<1,794)
High (>1,794)

1.0 (Reference)
0.85 (0.59-1.21)
1.57 (0.88-2.79)
1.30 (0.64-2.65)
0.14

Low (<1,794)
High (>1,794)
Low (<1,794)
High (>1,794)

1.0 (Reference)
0.59 (0.19-1.84)
1.36 (0.55-3.40)
1.01 (0.39-2.58)

P interaction

0.21

NOTE: Data were adjusted for age at interview, education, income, history of fibroadenoma, history of breast cancer among first-degree relatives, menopausal status,
height, and ever had live birth. Occupational activity was measured as the average time spent in standing or walking and classified into one of three activity categories
(i.e., heavy, medium, or nonphysical work).

population of women from Shanghai, and both were found to
be reliable and valid instruments for stratifying women by
physical activity and energy intake levels (32, 49). Another
strength, distinct from other epidemiologic studies, is that BMI
was calculated from measured rather than self-reported
weight and height within days of cancer diagnosis, thus
reducing measurement errors and some of the effects of
therapy on body weight. In summary, we observed that
women with higher levels of energy availability, by virtue of
their low physical activity and high BMI or energy intake
levels, were at an increased breast cancer risk compared with
women with more restricted energy availability. These findings support current breast cancer prevention efforts that seek
to increase physical activity levels and minimize age-related
weight gain (50, 51). The relationship between these patterns of
exposure modifying breast cancer risk and underlying
biological mechanisms remains indeterminate, yet our findings
are consistent with evidence that restricted energy availability
can induce hormonal and metabolic changes that are consistent with reduced breast cancer risk. The fact that many of
these pathways overlap with mechanisms proposed to explain
the anticancer effect of caloric restriction suggests that
balancing energy expenditure with intake may mimic some
of the elements of caloric restriction.
Additional research is needed to document similar relationships in other study populations and to better understand the
mechanisms underlying associations observed in this report.
Further health promotion programs should be created to
reduce the prevalence of overweight and sedentary lifestyle,
two modifiable risk factors for breast cancer risk, and many
other health risks for women.
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