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Abstract

We assessed weight change from diagnosis to approximately 18 months after cancer diagnosis and
evaluated its correlates in a large, population-based, cohort study of women diagnosed with stage
0-1V breast cancer. A total of 4561 cases with weight information 1 year prior to diagnosis, at
diagnosis, and at the 18-month post-diagnosis interview were included in the study. Multinomial
logistic regression models were conducted to examine the association of weight change from
diagnosis to 18 months after diagnosis with sociodemographic, clinical, and lifestyle factors. The
mean weight change from diagnosis to 18 months after diagnosis was a gain of 1.7 kg (median;
2.0). Overall, 61% of women gained weight, 27% gained 2-5 kg, and 24% gained >5 kg, while
approximately 14% lost >2kg during the 18-month post-diagnosis period. Greater weight gain was
significantly related to younger age, premenopausal status, mixed receptor status, more advanced
disease stage, pre-diagnosis weight loss, higher dietary intake, and cigarette smoking. Women
with obesity and serious comorbidity were more likely to lose weight. Moderate exercise was not
significantly related to weight change. Weight gain is common among breast cancer survivors.
Sociodemographic, clinical, and lifestyle factors are related to weight change. Appropriate
intervention strategies should be developed.
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Introduction

Weight gain is a profound issue among breast cancer patients and survivors [1-3] and
usually ranges from 1.0 to 6.0 kg during the first year after a diagnosis of breast cancer [1, 2,
4-7]. Weight gain after breast cancer diagnosis may have a negative impact on quality of
life, increase the risk for recurrence, and shorten survival time [2, 3, 7-9]. Several factors
have been suggested to influence weight gain after cancer diagnosis, including age [6, 10],
development of menopause [1, 6, 10], advanced disease stage [6], cancer-related treatments
[1, 6, 10], decreased physical activity [2, 6, 10], and increased energy intake [2, 10].
However, the evidence is not entirely consistent [1, 2, 6, 10-12].

Most previous studies on weight gain and related factors after breast cancer diagnosis have
been cross-sectional, had a short study duration, or had small sample sizes [1, 5, 6, 11,

Corresponding Author: Xiao Ou Shu, M.D., Ph.D., Professor of Medicine, VVanderbilt Epidemiology Center, 2525 West End
Avenue, Suite 600, IMPH, Nashville, TN 37203-1738, Tel: 615-936-0713, Fax: 615-936-8291, xiaoou.shu@vanderbilt.edu.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Chen et al.

Page 2

13-15]. Few studies have considered the association of demographic, clinical, and lifestyle
factors with weight gain concurrently [6, 15], especially in large, population-based, cohort
studies [6]. Weight loss before cancer diagnosis may have a major effect on weight change
after cancer diagnosis, and may lead to a regaining weight after cancer-related treatments.
However, few studies have examined the effect of pre-diagnosis weight loss on post-
diagnosis weight change. Furthermore, most studies on weight change have been conducted
in Western countries where the prevalence of obesity is high [1, 2, 4-6]. For example, in a
study of 1169 breast cancer patients who received chemotherapy before surgery in the US,
32% of patients were overweight and 30% were obese [16]. It is possible that pre-cancer
obesity may influence weight gain after cancer diagnosis. Asian women typically have a low
prevalence of obesity [15, 17]. However, little is known about weight change and related
factors among Asian women after breast cancer diagnosis. To our knowledge, only one
small retrospective study of 260 patients with stage I-111 breast cancer has been conducted in
a Korean population. This study reported no weight gain after adjuvant treatment [15].

In this report, we describe a comprehensive evaluation of weight change from diagnosis to
18 months after cancer diagnosis and correlates of weight change in a population-based
cohort study of 4565 Chinese breast cancer survivors.

Participants and methods

Study Population and Design

Study subjects were participants of the Shanghai Breast Cancer Survival Study (SBCSS), a
population-based cohort study [18, 19]. Through the population-based Shanghai Cancer
Registry, 6299 women were identified approximately 6 months after diagnosis of incident
breast cancer and were invited to participate in the study between April 1, 2002 and
December 31, 2006. Of these, 5042 (80.0%) women provided written, informed consent,
enrolled in the study, and completed the baseline survey. Reasons for non-participation
included refusals (12.0%), moving (2.7%), out of town (1.4%), inability to locate potential
participants (1.3%), and other miscellaneous reasons (2.6%). The study participants are
being followed through in-person interviews administered at approximately 18 months, 36
months, and 60 months after cancer diagnosis. At 18 months post-diagnosis, 4680 cases
were contacted. After excluding 108 deceased cases and 11 women who lacked weight data
at 18 months post-diagnosis, 4561 participants remained for the current study.

Survey Interviews

In-person interviews were conducted using structured questionnaires. The following
information was collected: cancer diagnosis, cancer-related treatments, relapse/metastasis,
disease status, comorbidity, demographics, menstrual and reproductive history, family
history of breast cancer, exercise, dietary intake, tea consumption, alcohol consumption,
cigarette smoking, complementary and alternative medicine use, and quality of life.

Anthropometric Measurements

At baseline (approximately 6 months after cancer diagnosis), anthropometric measurements,
including height, weight, waist circumference, and hip circumference, were taken by trained
interviewers, all of whom were retired medical professionals. All measurements were taken
twice according to a standard protocol. Participants were asked to report their weight 1 year
before diagnosis, at diagnosis, and at approximately 18 months after diagnosis. Weight at
diagnosis was also collected through review of medical charts. Weight changes from 1 year
pre-diagnosis to diagnosis and 18 months post-diagnosis were calculated. BMI at diagnosis
(weight in kilograms divided by the square of height in meters) was calculated.
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Clinical Factors

We collected disease- and treatment-related information, including stage of tumor-node
metastasis (TNM) at the time of primary diagnosis, estrogen receptor (ER) and progesterone
receptor (PR) status, type of surgery, chemotherapy, radiotherapy, immunotherapy, and
tamoxifen use. Additionally, medical charts were reviewed to verify diagnosis, treatment,
and disease stage information. ER and PR status were included in the analyses in the
following joint categories: ER+/PR+ (receptor-positive), ER-/PR- (receptor-negative), and
ER-/PR+ or ER+/PR- (mixed). The Charlson comorbidity index was created based on a
validated comorbidity scoring system [20] and the diagnostic codes from the International
Classification of Disease, 9t revision (ICD-9) [21].

Lifestyle Factors

At the baseline survey, participants were asked to report up to four of the most common
exercise activities they participated in between cancer diagnosis and the date of their
interview. Information on frequency and duration were obtained for all exercise activities.
Each activity was assigned a metabolic equivalent task (MET) score based on the method
proposed by Ainsworth et al. [22]. The score for MET-hours per week (MET-hours/week)
for each activity was calculated from the hours per week the participant reported engaging in
that activity multiplied by the assigned MET score. The values from individual activities
were summed to derive a total exercise-MET score.

Habitual dietary intake at baseline was assessed by using an abbreviated 29-item food
frequency questionnaire that was designed to capture the intake of meat, fish, cruciferous
vegetables, and soy foods. The details of the full-scale dietary assessment questionnaire
have been described elsewhere [23]. Information about other lifestyle factors including tea
consumption, alcohol consumption, and smoking habits were also obtained through the in-
person interview. Information on the amount of tea was collected as weight of dry leaves
consumed per month (g/month).

Statistical Analyses

Mean, standard error (SE), and median of weight change from cancer diagnosis to 18
months after diagnosis were calculated. The t-test or one-way analysis of variance
(ANOVA) was applied to compare differences in weight change across sociodemographic,
clinical, and lifestyle characteristics. A general linear model (GLM) was used to compute
the least square means of weight change with adjustment for age at diagnosis and disease
stage. Pearson correlation analysis was performed to examine correlations between self-
reported weight and measured weight collected through review of medical charts at the time
of cancer diagnosis. For the outcome of 18-month post-diagnosis weight change, women
were categorized as having lost weight (lost >2 kg), having maintained weight (weight
change +2 kg, as reference), having moderate weight gain (gained 2-5 kg), or having
substantial weight gain (gained >5 kg). Multinomial logistic regression models were
conducted to examine associations of weight change status with sociodemographic, clinical,
and lifestyle characteristics. Percent (%) of weight change during the 18-month post-
diagnosis period was also calculated: (weight at 18 months post-diagnosis - weight at
diagnosis)/(weight at diagnosis) multiplied by 100. BMI at diagnosis was categorized
according to the World Health Organization (WHO) guidelines [24]. The median of 1-year
pre-diagnosis weight change was 0 kg (range: -25 ~ 14 kg), therefore women were divided
into 3 three categories based on pre-diagnosis weight change: weight loss (0.5~25 kg),
weight stable (weight change=0 kg), and weight gain (1~14 kg). Exercise was categorized
by using the median of exercise METs among exercisers as the cut-off points; women who
reported no exercise participation served as the reference group. Total dietary intakes of
meats, fish, cruciferous vegetables, and soy foods were categorized by quartile distribution.
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Tea consumption was grouped using the median of the consumption of dried tea leaves
among current tea drinkers; participants who did not consume tea served as the reference.
Variables that were significantly or nearly significantly associated with weight change in
univariate analysis were included in the multinomial logistic regression analysis. Disease
stage (TNM stage) and ER/PR status were also included in the model.

Tests for trend in the analyses were performed by entering the categorical variables as
continuous parameters in the corresponding models. All tests were performed by using
Statistical Analysis Software (SAS, version 9.1; SAS Institute, Inc., Cary, North Carolina).
The significance levels were set at P< 0.05 for two-sided analyses.

Of the 4561 cases in the study, 61% gained weight, 27% lost weight, and 12% had no
weight change between cancer diagnosis and 18 months after diagnosis. Of women who
gained weight, 27% gained 2-5 kg and 24% gained >5 kg. Of women who lost weight, 14%
lost >2kg. Regarding the percent of weight change, 37% of women gained >5% of the
weight since cancer diagnosis, and 17% gained >10% during the 18-month post-diagnosis
period. At the time of breast cancer diagnosis, 32% of women were overweight or obese
(BMI1=25) and 5% were obese (BMI1>30), while 36% were overweight or obese and 6%
were obese at the baseline survey (6 months post-diagnosis). A high correlation coefficient
was observed between self-reported weight and weight obtained from medical charts at
diagnosis (r=0.92, P<0.001).

Table 1 presents baseline characteristics of the study participants by weight change. The
mean weight change was 1.7 kg (median: 2; range: -22, 22). Younger women gained more
weight than older women. Weight change varied by menopausal status. Premenopausal
women gained more weight than postmenopausal women. Women who experienced
menopausal symptoms gained more weight than those who did not. Women with a higher
comorbidity index gained less weight. Receiving chemotherapy or radiotherapy and having
an advanced stage cancer were significantly associated with more weight gain. Pre-diagnosis
weight loss or being underweight at diagnosis was significantly related to greater weight
gain. Women who had higher dietary intake of meat, fish, and cruciferous vegetables gained
more weight than those with lower intakes. Using Chinese medicine and smoking cigarettes
were significantly related to more weight gain. There were no differences in weight change
by family history of breast cancer, type of surgery, tamoxifen use, or immunotherapy.
Similar results were found with adjustment for age at diagnosis and disease stage (data not
shown).

Results of multinomial logistic regression analyses for sociodemographic factors are shown
in Table 2. Age at diagnosis was inversely related to moderate (Peng<0.05) and substantial
weight gain (Pieng<0.001); the multivariate adjusted ORs were 1.57 (95% ClI: 0.98-2.51)
and 2.14 (95% CI: 1.30-3.50), respectively, for those with age at diagnosis of less than 40
years as compared with those who were >60 years of age at diagnosis and maintained their
weight. Premenopausal women had a higher risk for substantial weight gain than
postmenopausal women (OR: 1.56; 95% CI: 1.21-2.00). Education, income, and marital
status were not significantly associated with weight change.

Associations between clinical factors and weight change are presented in Table 3. A higher
comorbidity index (=2) was significantly associated with more weight loss (OR: 1.42; 95%
Cl: 1.08-1.86), and inversely related to moderate weight gain (OR: 0.64; 95% CI: 0.48-0.85)
and substantial weight gain (OR: 0.53; 95% CI: 0.38-0.74). Mixed ER/PR status was
significantly related to moderate and substantial weight gain as compared with positive ER/
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PR status; the adjusted ORs were 1.26 (95% CI: 1.03-1.54) and 1.29 (95% CI: 1.04-1.60),
respectively. Women with TNM stage I11-1V breast cancer were more likely to have more
substantial weight gain (OR: 1.75; 95% CI: 1.27-2.40) than those with early stage disease
(TNM stage 0-1). Relapse/metastasis and cancer-related treatments such as chemotherapy
and radiotherapy were not significantly associated with weight change in the multivariate
analysis. Tamoxifen use was not associated with weight gain.

Table 4 presents associations of lifestyle factors with weight change. Pre-diagnosis weight
gain was marginally associated with weight loss 18 months after diagnosis (OR: 1.26; 95%
Cl: 0.99-1.60), while pre-diagnosis weight loss was related to moderate (OR: 1.60; 95% ClI:
1.33-1.94) and substantial weight gain (OR: 1.83; 95% ClI: 1.50-2.23). Women who were
overweight (BMI: 25.0-29.9) and obese (BM1=30) at diagnosis were more likely to lose
weight, the multivariate adjusted ORs were 1.67 (95% CI: 1.36-2.05) and 2.82 (95% ClI:
2.01-3.96), respectively. Overweight and obese women were less likely to have moderate/
substantial weight gain than those with normal weight. Higher exercise level (=8.3 MET-
hours/week) was marginally related to weight loss (OR: 1.22; 95% CI: 0.97-1.54). High total
dietary intake including meat, fish, cruciferous vegetables, soy foods, and seaweed
(Ptreng<0.01) and cigarette smoking (OR: 2.10; 95% CI: 1.28-3.45) were related to
substantial weight gain. Tea consumption was related to moderate weight gain (OR: 1.43;
95% CI: 1.03-1.98). No significant association was observed for weight change with alcohol
consumption or the use of Chinese medicine.

We also evaluated the percent of weight change after cancer diagnosis and found similar
results (data not shown).

Discussion

In this large, population-based, cohort study, we found that more than three fifths of breast
cancer survivors (61%) gained weight, and the mean weight gain from diagnosis to 18
months after diagnosis was 1.7 kg. Approximately one fourth (24%) gained 5 kg or more.
We also observed that weight change after breast cancer diagnosis was significantly
associated with sociodemographic, clinical, and lifestyle factors. To our knowledge, this is
the first population-based cohort study to evaluate weight change and its correlates among
Asian women with breast cancer.

Weight gain is a common phenomenon among breast cancer patients and survivors in
Western countries [1, 2, 4-6, 10]. The Women's Healthy Eating and Living Study (WHEL)
observed 2.7 kg of mean weight gain among 1116 women with stage I-111A breast cancer,
60% of whom reported weight gain, 26% of whom reported weight loss, and 14% of whom
reported no weight change within 4 years of diagnosis [10]. These statistics are comparable
with what we observed in our Chinese population. However, one recent study conducted in
Korea found no weight gain after adjuvant treatment among women with stage I-111 breast
cancer [15]. The mean weight changes in the Korean study were -0.3 kg at 1 year and -0.4
kg at 2 years after cancer treatment, and only 10% of women gained more than 5% of
baseline body weight at 1 year [15]. The discrepancy between our study and the Korean
study may be due to a difference in study design (prospective vs. retrospective), cancer stage
(0-1V vs. I-111), study sample size (4565 vs. 260), the timing of the weight change
assessment (18 months after diagnosis vs. 12-24 months after cancer treatment), or
socioeconomic characteristics.

Several studies have evaluated the association of sociodemographic factors with weight
change after breast cancer diagnosis [1, 2, 6, 7, 10-12]. Our findings show that women who
were younger at diagnosis gained more weight than older women, which is consistent with
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earlier reports [6, 10]. Similar to Irwin et al. [6], we found no association of weight change
with family history of breast cancer or education. The association between menopausal
status and weight change remains controversial [6, 7, 10, 12, 15]. In our study, we found that
premenopausal status was significantly related to more weight gain, consistent with some
previous studies [7, 12] but in disagreement with others [6, 10, 15]. It has been suggested
that premenopausal women are more likely to develop amenorrhea or premature menopause
over the course of cancer-related treatments and thus are prone to gaining more weight than
postmenopausal women [12].

Associations between cancer-related treatments and weight change have been examined
with mixed results [1, 6, 10, 12, 15]. For example, in a cohort of 535 women with newly
diagnosed breast cancer, Goodwin et al. observed that adjuvant chemotherapy was a strong
and independent clinical predictor of weight gain in Canada [1]. The WHEL study reported
similar results [10]. In the Health, Eating, Activity, and Lifestyle (HEAL) study of 514 US
women with stage O-111A breast cancer, no association was found between chemotherapy
and weight gain, while greater increases in weight were observed among women who were
diagnosed with a more advanced disease stage, were younger, were postmenopausal, and
decreased their physical activity level between diagnosis to up to 3 years after diagnosis [6].
The Korean study observed that chemotherapy was not associated with weight change after
cancer treatment [15], which was similar to the study by Campbell et al. in Canada [12].
Although our univariate analyses and analyses with adjustment for age at diagnosis and
disease stage suggested that women who received chemotherapy or radiotherapy gained
more weight than their counterparts, such associations disappeared in the multivariate
analyses in which sociodemographic and lifestyle factors were further adjusted. This result
was consistent with two previous studies [12, 15]. Although our results suggest that some
earlier findings might be due to inadequate adjustment for confounders, there is also the
possibility of over-adjustment in our study. In line with the results from the HEAL study [6],
we found that women with late-stage breast cancer tended to gain more weight than women
with an early stage of the disease. Weight gain after cancer treatment may increase the risk
for comorbid conditions such as diabetes and coronary heart disease [25]. The presence of
comorbidity at cancer diagnosis was found not to be related with weight change afterward
[6]. However, our study indicated that comorbidity immediately after cancer diagnosis was
inversely associated with weight gain. Comorbidity may play a different role in weight
change among Chinese and Western women with breast cancer.

In our study, one-fourth of women had lost some weight during the year prior to cancer
diagnosis. We found that women with pre-diagnosis weight loss had 60-80% increased risk
of moderate to substantial weight gain at 18 months post-diagnosis. We also found that
overweight/obese women at diagnosis were more likely to lose weight after cancer
diagnosis. Pre-diagnosis weight change and body size at cancer diagnosis may play
important roles in the development of weight gain after cancer diagnosis and should be
considered when examining the effect of clinical or lifestyle factors on post-diagnosis
weight gain.

It has been suggested that modifiable lifestyle factors may be related to weight change in
breast cancer patients and survivors [4-6, 10], but the evidence is not consistent. Goodwin et
al. found that caloric intake and physical activity did not explain weight gain during the first
year after breast cancer diagnosis [1]. In the HEAL study, more weight gain was observed
among women who decreased their physical activity between diagnosis and up to 3 years
after diagnosis [6]. The WHEL study observed that lower exercise levels and higher energy
intake after cancer diagnosis were independently associated with increased risk for weight
gain up to 4 years after cancer diagnosis [10]. However, we found no significant association
between exercise and weight change between diagnosis and 18 months after diagnosis. In
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our study, 65% of women reported participating in exercise regularly 6 months after
diagnosis, and this rate increased to 74% at 18 months after diagnosis. It is possible that our
non-exercising population may not have been large enough to evaluate the effect of an
inactive lifestyle on weight change. On the other hand, the majority of women in our study
participated in low to moderate levels of exercise, such as walking and Tai Chi. Among
those who participated in regular exercise, the median MET-exercise was 8.3 MET-hours/
week of exercise. Thus, the exercise intensity may not have been high enough to result in
weight change. The relatively short follow-up period in our study may be another possible
explanation. Further follow-up of our cohort is planned, which would help to understand the
long-term effect of exercise participation on weight change among breast cancer survivors.

Our study also showed that higher total dietary intake was significantly related to substantial
weight gain. Women who had higher total dietary intake also reported higher meat and
vegetable intake in our study. This suggests that high energy intake may increase the risk for
weight gain after cancer diagnosis [10]. We also found that cigarette smoking was
significantly associated with weight gain, although the estimate was based on a small
number of smokers, as few women in this population smoked.

Our study has several strengths. The large, population-based, cohort study design and high
response rate minimized selection bias. In-person interviews that collected detailed
information on a wide range of sociodemographic, clinical, and lifestyle characteristics
allowed a comprehensive evaluation of factors related to weight change after cancer
diagnosis. Our study also has some limitations. Weight at 1 year before diagnosis and at
diagnosis are based on self-reports. However, previous validation studies have shown that
self-reported weight is reasonably accurate [26]. Most previous epidemiological studies have
used self-reported weight and weight change or body size after breast cancer diagnosis [9,
27-29]. In our study, self-reported weight at diagnosis was highly correlated with weight at
diagnosis obtained from medical charts (r=0.92), indicating that self-reported weight
information is quite reliable in our study. The relatively short follow-up period is another
limitation. Our ongoing follow-up study will allow us to examine the long-term pattern of
weight change and related factors after breast cancer diagnosis.

In conclusion, this large, population-based, cohort study indicates that weight gain during
the 18 months after cancer diagnosis is common among breast cancer survivors. Young age
at diagnosis, premenopausal status, comorbidity, advanced disease stage, pre-diagnostic
weight loss, underweight and obesity, and unhealthy lifestyles were significantly related to
weight change. Since weight gain is inversely associated with breast cancer outcomes [8],
special attention and advice should be provided to breast cancer patients and survivors who
have characteristics associated with weight gain. Lifestyle modification, including adopting
a healthy diet and engaging in more exercise, should be encouraged.

Acknowledgments

The content of this article does not necessarily reflect the position or the policy of the US Government, and no
official endorsement should be inferred. The authors thank Dr. Fan Jin for her support in study implementation and
the participants and staff members of the SBCSS for making this study possible. The authors also thank Drs. Hui
Cai and Wanging Wen for their assistance in statistical analysis and Ms. Bethanie Hull for her assistance in
manuscript preparation.

Funding Sources

This study was supported by a grant from the Department of Defense Breast Cancer Research Program (DAMD
17-02-1-0607 and a grant from the National Institutes of Health, National Cancer Institute (RO1 CA118229).

Nutr Cancer. Author manuscript; available in PMC 2012 May 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Chen et al.

References
1

10

11.

12.

13.

14.

15.

16.

17.

18.

Page 8

Goodwin PJ, Ennis M, Pritchard KI, McCready D, Koo J, et al. Adjuvant treatment and onset of
menopause predict weight gain after breast cancer diagnosis. J Clin Oncol. 1999; 17:120-129.
[PubMed: 10458225]

. Demark-Wahnefried W, Rimer BK, Winer EP. Weight gain in women diagnosed with breast cancer.

J Am Diet Assoc. 1997; 97:519-526. [PubMed: 9145091]

. Chlebowski RT, Aiello E, McTiernan A. Weight loss in breast cancer patient management. J Clin

Oncol. 2002; 20:1128-1143. [PubMed: 11844838]

. Goodwin PJ. Weight gain in early-stage breast cancer: where do we go from here? J Clin Oncol.

2001; 19:2367-2369. [PubMed: 11331314]

. Demark-Wahnefried W, Peterson BL, Winer EP, Marks L, Aziz N, et al. Changes in weight, body

composition, and factors influencing energy balance among premenopausal breast cancer patients
receiving adjuvant chemotherapy. J Clin Oncol. 2001; 19:2381-2389. [PubMed: 11331316]

. Irwin ML, McTiernan A, Baumgartner RN, Baumgartner KB, Bernstein L, et al. Changes in body

fat and weight after a breast cancer diagnosis: influence of demographic, prognostic, and lifestyle
factors. J Clin Oncol. 2005; 23:774-782. [PubMed: 15681521]

. Camoriano JK, Loprinzi CL, Ingle JN, Therneau TM, Krook JE, et al. Weight change in women

treated with adjuvant therapy or observed following mastectomy for node-positive breast cancer. J
Clin Oncol. 1990; 8:1327-1334. [PubMed: 2199619]

. Kroenke CH, Chen WY, Rosner B, Holmes MD. Weight, weight gain, and survival after breast

cancer diagnosis. J Clin Oncol. 2005; 23:1370-1378. [PubMed: 15684320]

. Loi S, Milne RL, Friedlander ML, McCredie MR, Giles GG, et al. Obesity and outcomes in

premenopausal and postmenopausal breast cancer. Cancer Epidemiol Biomarkers Prev. 2005;
14:1686-1691. [PubMed: 16030102]

. Rock CL, Flatt SW, Newman V, Caan BJ, Haan MN, et al. Factors associated with weight gain in
women after diagnosis of breast cancer. Women's Healthy Eating and Living Study Group. J Am
Diet Assoc. 1999; 99:1212-1221. [PubMed: 10524383]

Freedman RJ, Aziz N, Albanes D, Hartman T, Danforth D, et al. Weight and body composition
changes during and after adjuvant chemotherapy in women with breast cancer. J Clin Endocrinol
Metab. 2004; 89:2248-2253. [PubMed: 15126549]

Campbell KL, Lane K, Martin AD, Gelmon KA, McKenzie DC. Resting energy expenditure and
body mass changes in women during adjuvant chemotherapy for breast cancer. Cancer Nurs. 2007;
30:95-100. [PubMed: 17413774]

Mclnnes JA, Knobf MT. Weight gain and quality of life in women treated with adjuvant
chemotherapy for early-stage breast cancer. Oncol Nurs Forum. 2001; 28:675-684. [PubMed:
11383182]

Harvie MN, Campbell IT, Baildam A, Howell A. Energy balance in early breast cancer patients
receiving adjuvant chemotherapy. Breast cancer Res Treat. 2004; 83:201-210. [PubMed:
14758090]

Han HS, Lee KW, Kim JH, Kim SW, Kim IA, et al. Weight changes after adjuvant treatment in
Korean women with early breast cancer. Breast Cancer Res Treat. 2009; 114:147-153. [PubMed:
18365310]

Litton JK, Gonzalez-Angulo AM, Warneke CL, Buzdar AU, Kau SW, et al. Relationship between
obesity and pathologic response to neoadjuvant chemotherapy among women with operable breast
cancer. J Clin Oncol. 2008; 26:4072-4077. [PubMed: 18757321]

World Health Organization, International Association for the Study of Obesity, International
Obesity Task Force. The Asia-Pacific Perspective: redefining Obesity and its Treatment. Health
Communications Australia Pty Ltd; Melbourne, Australia: 2000.

Chen Z, Gu K, Zheng Y, Zheng W, Lu W, et al. The use of complementary and alternative
medicine among Chinese women with breast cancer. J Altern Complement Med. 2008; 14:1049—
1055. [PubMed: 18928393]

Nutr Cancer. Author manuscript; available in PMC 2012 May 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Chen et al.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Page 9

Lu W, Cui Y, Chen X, Zheng Y, Gu K, et al. Changes in quality of life among breast cancer
patients three years post-diagnosis. Breast Cancer Res Treat. 2009; 114:357-369. [PubMed:
18409069]

Grunau GL, Sheps S, Goldner EM, Ratner PA. Specific comorbidity risk adjustment was a better
predictor of 5-year acute myocardial infarction mortality than general methods. J Clin Epidemiol.
2006; 59:274-280. [PubMed: 16488358]

Department of Health and Human Services. The international classification of diseases. 9th rev. ed.
Clinical modification, ICD-9-CM. U.S Government Printing Office; Washington, DC: 1998.
Ainsworth BE, Haskell WL, Leon AS, Jacobs DR Jr, Montoye HJ, et al. Compendium of physical
activities: classification of energy costs of human physical activities. Med Sci Sports Exerc. 1993;
25:71-80. [PubMed: 8292105]

Boyapati SM, Shu XO, Ruan ZX, Dai Q, Cai Q, et al. Soyfood intake and breast cancer survival: a
followup of the Shanghai Breast Cancer Study. Breast Cancer Res Treat. 2005; 92:11-17.
[PubMed: 15980986]

World Health Organization. Obesity: Preventing and managing the global epidemic. Report of a
WHO consultation of obesity. Geneva: 1997. p. 3-5.

Rock CL, Demark-Wahnefried W. Nutrition and survival after the diagnosis of breast cancer: a
review of the evidence. J Clin Oncol. 2002; 20:3302-3316. [PubMed: 12149305]

Spencer EA, Appleby PN, Davey GK, Key TJ. Validity of self-reported height and weight in 4808
EPIC-Oxford participants. Public Health Nutr. 2002; 5:561-565. [PubMed: 12186665]

Daling JR, Malone KE, Doody DR, Johnson LG, Gralow JR, et al. Relation of body mass index to
tumor markers and survival among young women with invasive ductal breast carcinoma. Cancer.
2001; 92:720-729. [PubMed: 11550140]

Eng SM, Gammon MD, Terry MB, Kushi LH, Teitelbaum SL, et al. Body size changes in relation
to postmenopausal breast cancer among women on Long Island, New York. Am J Epidemiol.
2005; 162:229-237. [PubMed: 15987723]

Whiteman MK, Hillis SD, Curtis KM, McDonald JA, Wingo PA, et al. Body mass and mortality
after breast cancer diagnosis. Cancer Epidemiol Biomarkers Prev. 2005; 14:2009-2014. [PubMed:
16103453]

Nutr Cancer. Author manuscript; available in PMC 2012 May 1.



Page 10

Chen et al.

(Lz0)8r'T (9z0) T 1S 6SC SOA
(L00)SL'T (L00)SL'T  €¥6 2Oy ON
20€0 £T€0 Jadued 1sealq Jo Aloisiy AjiweS
(80°0) LLT (800) 28T 9TL 99z€ SOA
(cT0) el (eT0) 19T  ¥'8T S6CT ON
9200 6200 swoydwAs [esnedousiy
(Tro)ese (600)9Lc 98y 9Tee [esnedouatu-aid
(01°0) 86°0 (60'0)92°0 ¥'TS SvET [esnedousw-1sod
T00°0> TOO'0> snyels _mm:mo_o:m_\/_
(61°0) 19T (Tzo)¥T'T  TTr 1SS BYo
(L00)SL'T (L00) 28T 6728 OT0F paLUeN
100°0> 700°0> Snyess [elleiN
(61°0) S0°C (6T°0)€0C 9TT  0€S 00022
(c1°0) 89T (TT'0) L.ST 60€ 0TV 666T-000T
(80°0) 02T (60'0)9L'T §2§ 129 000T>
201’0 €170 (endea;yruow;/uenA) swoau|
(91°0) €6'T (ST0) 29T GST 90L [00ys ybiH<
(TT'0) 28T (0T'0)60C 928 ST 1004s ybIH
(60°0) 09'T (oro)8r't 69y 0Ovie 100y2s ybIH>
T00°0> T00'0> uolyeanp3
(zT'0)ST'O (zr0)SsT0 €92 66IT 093
(cT0)esT (TTo)esT 962 TSET 65-05
(0T°0) ¥22 (0T'0)¥.'C2  ¥'6E 96LT 6v-0v
(62°0) T (6z0)eve Lv GIC or>
100°0> 100°0> (1eak) sisoubelp 1e aby
(L00)€LT 00T  TOSY [eloL
PMeAd Qmmv ues\ paisnipy anerd  (3S) ueaw
N sons1IgloeIRYD
mav: abueyd 1ybiapn %
sisoubelp

190URD Jaye syluow QT 01 sisoubelp Jaoued woJj abueyd 1B1am Aq ‘SIOAIAINS 190URD 1SLaI] JO SO1SLIBIoRIeYD 3]A1Sall] pue ‘[ealul]d ‘o1ydeiBowspoldos

T alqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Nutr Cancer. Author manuscript; available in PMC 2012 May 1.



Page 11

Chen et al.

(60°0) 25T (600) 09T TTS Seee anisod ¥d/y3

29600 66500 Smes Y3
(oe1) Sve (eem)sve C¢o 1T umouxun
(L00) 22T (L00)SsLT  8v8 698 ON
(LT0) o5t (LT'0)6ST  6¥T 189 SOA

180 88€0 Adesayrounwiw|
(80°0) 19'T (800)6Y'T 889 8EIE ON
(eT0) 00T (zro)oze ¢1e gt SOA

T00°0> T00°0> Adesayioipey
(zz'0) 220 (zzo)tT0 06 6OV ON
(200) €8T (£00)68T 0716 2SIY SOA

100°0> T00°0> Adesayrowayd
(80°0) ¥2'1 (eT'0) 99T L€e  9esT ON
(tro)eLt (800) LLT €99 Geoe SOA

5880 YOv'0 485N UdjIxouwre L
(L11) 60 ¥81) 202 €0 VT A1abins oN
(6€°0) 08'T (tro)69T L¢ zet umouxun adAy ‘Aisbing
(6€°0) 28T (6e0)18T LT CeT UofeAISSUOD
(Loo)eLt (L00)eLT €v6  €oEY Awoyzisey

1860 886°0 AK1abins yo adA |
(85°0) 6E'T (SLo)erT €T 95 umouxun
(8€'0) 16'0 (85°0)2TT 6T cCET SOA
(200) 9.1 (L00)9LT 8G6 €LEv ON

SIT0 910 um_mSmSmE\wm%_mm
(12°0) L2°0 (Tz0)6T0- 66 TSV 2=
(0z0) 7’1 (0z0)80T GOT 8LY T
(L0'0) 96'T (L0090 96L z€E9E 0

700°0> 100°0> xaput AIpIgIOW0D UoS|eyD

@End gmmv ues\ parsnipy aneAd  (3S) Ue
N So1IS1810BIRYD

() 8buey yBlam

%

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Nutr Cancer. Author manuscript; available in PMC 2012 May 1.



Page 12

Chen et al.

T00°0> T00°0> (ARep/b) axelul yea\
(zr'0) 60T (ero)eze s§lz vser 70O
(€7°0) 95T (€T0)€9T GG TOTT €0
(eT°0) 22T (€T VLT Lvz St 20
¥T°0) SP'T wroveT vz 1201 10
100°0> 000> _9%\9 ayeul Arejaip [e1o
(TT°0) 29T (TT'0) 99T TEE 2IST €83
(tro)sLt (Tro)osT  Tze 89l €8>
(tro)sLt (ero)8LT  LvE  T8ST 8519193 ON
1690 10L°0 (@amy/sinoy- 1 JIN) as1049x3
(82°0) 20'1- (ec0)vet- TS T1€T 00€z
(er0)es0 (eT0)L£0 69 6CeT 6'6¢-0'5¢
(80°0) s€'C (800) ¥z 0v9 026 6'7¢-5'8T
(te'0) ese (6z0)ese  ov 18T 681>
100°0> 10005 mANE\mv_v Xapul ssew Apog
(sT°0) 20T (ST0)ezT 28T 0€8 (63 yT~T) ured WBroM
(80°0) LG'T (600)83T €15 ¥T19C (6 0) a1qess bIEM
(eT0) 19T (eT0)ore Gve LTTT (6 Gz~5'0) sso1 WB1_M
1000> 100°0> vwmcmso 1yBi1am ansoubelp-ald
(0£'0) 99T (teo) 8T  vv  2oC umoujun
(zz0)¥se (rzo)6vc L8  86E Al
(91°0) 88'T (8T°0)96'T 99T 9SL all
(tro)oLT (TT0)69T TEE OTST Vil
(0T'0) 251 (0T'0) 18T  TLE S69T |
£100'0> £100'0> aBe1s WL
(¥10) 20T (¥50)S0Cc 8T 18 umouXun ¥d/43
(¥1°0) 20'C (sT0)00C 20T 026 PaXIW Hd/43
(zro) 18T (ezro)ssT 69z St anlelsu ¥d/y3
@End gmmv uesiy paisnipy aneAd  (3S) Uea
N so1IS1I810eIRYD
() 8buey ybam %

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Nutr Cancer. Author manuscript; available in PMC 2012 May 1.



Page 13

Chen et al.

T00°0> ¥00°0 Bujows anatebin
(9g°0) 212 (ovo)vee ¢e vl SOA
(900) 2Lt (L00)TLT 896 9THY ON

€800 6800 uondwnsuod joyod|y
(9z0) 1T (9z’0)80Cz T9 6.2 00T<
(¥z'0) 051 (Szo)wt oL 81E 001>
(200) LT (L00)€LT 698  ¥96€ ON

[ r4Al] (0]2400] (yuow/B) uondwnsuod ea |
(200) 081 (L00) €8T L9 lévE SOA
(eT0) €5°T (STo) YT €€C  ¥90T ON

S00°0 6000 |UIdIPaW 3saulyd JO asN
(eT'0) 06'T (€T°0) 26T  6VZ 8ETIT 7O
(€7°0) 69T (eT0)0LT 0Ge BETT €0
(eT'0) ST (€T0)0LT 0GZ 6ETT 20
(eT'0) 09T (€T'0) 98T TSZ SYIT 10

710 T9T°0 (Kep/B) axeiul pooy Aos
(e1°0) 28T #T0) 16T  TSZ 9Vl 7O
(eT0) vt (eT0)6LT TSZ TSIT €0
(eT°0) 08'T (€T0) 18T TG BYIT 20
(eT'0) 25T (eT0) eyt Svz  SIIT 10

0v0°0 1¥0°0 (Aep/B) sajqelaban snolajioni)
(e7°0) 88T (€T0) L0C  6¥C LETT 0
(eT°0) 281 (zr0)08T 652 ¥8IT €0
(sT0)8LT (eT0)SLT  vzz 0201 20
(er0) 8r'T (eTo)veT 89c ocet 10

100°0> 1000 (Rep/B) a>peyut ysio
(eT'0) 86'T (eT'0)9TC 6%C SEIT 7O
(eT°0) 08'T (€T0) €8T 6Gc SBIT €0
(e1°0) 29T (€T'0)99T S¥z 6IIT 20
(eT'0) 81T (eT0)8zT 9vz 12T 10

@End gmmv ues\ parsnipy aneAd  (3S) Ue
N sonsLiLlde.Ieyd
() 8buey yBlam %

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Nutr Cancer. Author manuscript; available in PMC 2012 May 1.



Page 14

Chen et al.

‘pasmess pue ‘spooy Aos ‘sa|qe1sban snosyIonIo ‘ysiy ‘leaw Buipnfoul axelul Arelaip [elo ._.%

'sisoufelp Jaoued Je Xapul ssew %om_mw

‘sisoubelp pue sisoubelp a1oyaq Jeak T usamiag abueyo Em_w>>U

‘pasn sem sisoubelp Jayje sypuow 8T Ajarewixoidde je co:mE_o,E_o
‘(INT19) s|apow Jeaul| [esauab ayy ul abeis INNL pue sisoubelp 1e abe Joy vsm:._u,qn
'sisAJeue woJy papnjoxa sem dnolb .cz,o:v_cj.m

>Se) Jua[eAINba d1j0qeIBW ‘] JIA ‘SISeIselaw apou-Jowny ‘AN L 103dsdal suoieisaBold/i01daoal usBolise ‘Hd/y3 10418 pIepuels ‘3S :UOHBIABIGOY

(6€0) 2T'E (6ro)vre Lz 2t SIA
(900) 02T (L00)OLT €16 6EVY ON
anfen d Qm_mv uesiy parsnipy

q anfeAd  (3S) ussN

N sons1I8loeIRYD

MEOETERRTEEN %

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Nutr Cancer. Author manuscript; available in PMC 2012 May 1.



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Chen et al.

Multinomial logistic regression models for sociodemographic factors related to weight change from diagnosis

Table 2

- . . a
to 18 months after diagnosis among breast cancer survivors

Characteristics

Weight loss<2kg OR (95% CI)

Weight gain 2-5kg OR (95% CI)

Weight gain >25kg OR (95% CI)

Age at diagnosis (year)
>60
50-59
40-49
<40
P value for trend
Education
<High school
High school
>High school

P value for trend

Income (yuan/month/capita)

<1000
1000-1999
>2000
P value for trend
Marital status
Married
Other
Menopausal status
Post-menopausal

Pre-menopausal

1.00
0.88 (0.68-1.14)
0.85 (0.58-1.24)
0.79 (0.39-1.59)
0.286

1.00

1.07 (0.86-1.33)

0.93 (0.68-1.26)
0.858

1.00

0.94 (0.76-1.18)

1.00 (0.70-1.42)
0.784

1.00
1.01 (0.77-1.33)

1.00
0.90 (0.66-1.23)

1.00
1.35 (1.08-1.71)
1.31(0.97-1.78)
1.57 (0.98-2.51)
0.039

1.00

1.04 (0.87-1.24)

0.90 (0.70-1.16)
0.651

1.00

0.93 (0.78-1.11)

1.07 (0.81-1.40)
0.959

1.00
0.87 (0.68-1.11)

1.00
1.19 (0.94-1.50)

1.00
1.60 (1.22-2.10)
2.05 (1.46-2.87)
2.14 (1.30-3.50)
<0.001

1.00

0.94 (0.78-1.14)

0.79 (0.60-1.04)
0.121

1.00

0.82 (0.68-1.00)

0.99 (0.74-1.32)
0.319

1.00
0.95 (0.73-1.24)

1.00
1.56 (1.21-2.00)

Abbreviations: OR, odds ratio; 95% CI, 95% confidence interval.

®Women who had maintained weight (weight change +2 kg) during the 18-month post-diagnosis period were treated as the reference. Adjusted for
menopausal symptoms, comorbidity, chemotherapy, radiotherapy, estrogen receptor/progesterone receptor status, tumor-node metastasis stage, pre-
diagnosis weight change, body mass index at diagnosis, exercise, dietary intake, use of Chinese medicine, tea consumption, alcohol consumption,

cigarette smoking, and other variables in this table.
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Table 3
Multinomial logistic regression models for clinical factors related to weight change from diagnosis to 18
months after diagnosis among breast cancer survivors®

Characteristics Weight loss<2kg OR (95% CI)  Weight gain 2-5kg OR (95% CI)  Weight gain >5kg OR (95% CI)

Menopausal symptoms

No
Yes

Charlson comorbidity index

1.00
1.20 (0.97-1.49)

1.00
1.01 (0.84-1.19)

1.00
0.90 (0.75-1.08)

0 1.00 1.00 1.00
1 0.89 (0.66-1.20) 1.03 (0.80-1.32) 0.78 (0.58-1.05)
>2 1.42 (1.08-1.86) 0.64 (0.48-0.85) 0.53 (0.38-0.74)
P value for trend 0.034 0.010 <0.001
Chemotherapy
No 1.00 1.00 1.00
Yes 0.94 (0.69-1.28) 1.06 (0.80-1.42) 1.34 (0.94-1.91)

Radiotherapy

No 1.00 1.00 1.00
Yes 1.06 (0.84-1.34) 1.17 (0.97-1.40) 1.15 (0.95-1.39)
ER/PR status

ER/PR positive
ER/PR negative

1.00
0.92 (0.73-1.16)

1.00
1.00 (0.83-1.19)

1.00
1.09 (0.90-1.33)

ER/PR mixed 1.10 (0.86-1.41) 1.26 (1.03-1.54) 1.29 (1.04-1.60)
ER/PR unknown 0.55 (0.25-1.19) 0.91 (0.50-1.66) 1.24 (0.68-2.25)
TNM stage

0-1 1.00 1.00 1.00

1A 0.97 (0.77-1.21) 1.03 (0.86-1.24) 1.09 (0.90-1.33)

1B 0.91 (0.68-1.22) 0.99 (0.78-1.26) 1.30 (1.01-1.66)

-1V 1.09 (0.75-1.59) 1.14 (0.83-1.56) 1.75 (1.27-2.40)

Unknown 1.33 (0.84-2.11) 0.99 (0.66-1.49) 1,52 (1.01-2.27)

Abbreviations: OR, odds ratio; 95% CI, 95% confidence interval; ER/PR, estrogen receptor/progesterone receptor; TNM, tumor-node metastasis.
®Women who had maintained weight (weight change +2 kg) during the 18-month post-diagnosis period were treated as the reference. Adjusted for

age at diagnosis, education, income, marital status, menopausal status, pre-diagnosis weight change, body mass index at diagnosis, exercise, dietary
intake, use of Chinese medicine, tea consumption, alcohol consumption, cigarette smoking, and other variables in this table.
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Table 4
Multinomial logistic regression models for lifestyle factors related to weight change from diagnosis to 18
months after diagnosis among breast cancer survivors®

Characteristics Weight loss<2kg OR (95% CI)  Weight gain 2-5kg OR (95% CI)  Weight gain=5kg OR (95% CI)

Pre-diagnosis weight change
Weight loss (0.5~25 kg)
Weight stable (0 kg)
Weight gain (1-14 kg)

Body mass index (kg/m?)
<18.5
18.5-24.9
25.0-29.9
>30.0
Exercise (MET-hours/week)
No exercise
<8.3
>8.3

P vaule for trend

Total dietary intake (g/day)b
Q1
Q2
Q3
Q4
P vaule for trend
Use of Chinese medicine
No
Yes
Tea consumption (g/month)
No
<100
>100
P vaule for trend
Alcohol consumption
No
Yes
Cigarette smoking
No
Yes

1.03 (0.80-1.31)
1.00
1.26 (0.99-1.60)

0.38 (0.15-0.95)
1.00

1.67 (1.36-2.05)

2.82 (2.01-3.96)

1.00

0.93 (0.73-1.17)

1.22 (0.97-1.54)
0.090

1.00
0.85 (0.65-1.12)
1.13 (0.87-1.48)
0.98 (0.74-1.29)
0.590

1.00
0.83 (0.66-1.02)

1.00

1.05 (0.73-1.51)

1.07 (0.70-1.62)
0.727

1.00
0.98 (0.55-1.77)

1.00
1.03 (0.55-1.94)

1.60 (1.33-1.94)
1.00
0.96 (0.78-1.18)

1.45 (0.98-2.14)
1.00

0.74 (0.62-0.89)

0.48 (0.31-0.74)

1.00

0.99 (0.82-1.19)

0.99 (0.82-1.19)
0.911

1.00
0.88 (0.70-1.10)
1.18 (0.94-1.47)
1.13 (0.90-1.41)
0.056

1.00
1.00 (0.83-1.21)

1.00

0.98 (0.73-1.32)

1.43 (1.03-1.98)
0.069

1.00
0.95 (0.60-1.50)

1.00
1.16 (0.68-1.98)

1.83 (1.50-2.23)
1.00
0.82 (0.66-1.03)

1.35 (0.90-2.03)
1.00

0.52 (0.42-0.64)

0.41 (0.25-0.67)

1.00

0.96 (0.78-1.16)

0.94 (0.77-1.15)
0.548

1.00
1.03 (0.81-1.31)
1.18 (0.93-1.51)
1.43 (1.12-1.82)
0.001

1.00
0.94 (0.77-1.14)

1.00

0.89 (0.65-1.24)

1.38 (0.98-1.96)
0.183

1.00
1.17 (0.75-1.84)

1.00
2.10 (1.28-3.45)

Abbreviation: OR, odds ratio; 95% CI, 95% confidence interval; MET, metabolic equivalent task.
aWomen who had maintained weight (weight change +2 kg) during the 18-month post-diagnosis period were treated as the reference. Adjusted for

age at diagnosis, education, income, marital status, menopausal status, menopausal symptoms, comorbidity, chemotherapy, radiotherapy, ER/PR
status, tumor-node metastasis stage, and other variables in this table.
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b . . . . ] .
Total dietary intake including: meat, fish, cruciferous vegetables, soy foods, and seaweed.

Nutr Cancer. Author manuscript; available in PMC 2012 May 1.

Page 18



