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Abstract. Weight gain commonly occurs in breast cancer 
patients who receive adjuvant chemotherapy. Weight gain 
may cause psychosocial stress and is associated with patient 
prognosis and survival. Several factors contributing to weight 
gain have been identified in Western populations. However, 
there was lack of information associated with body weight 
changes following adjuvant chemotherapy in Chinese breast 
cancer patients. To the best of our knowledge, this is the first 
such study to be conducted in the Chinese population. A total 
of 98 patients who received adjuvant chemotherapy following 
a modified radical mastectomy were included in this study. 
Their weight was measured prior to the first and following the 
last cycle of chemotherapy. A weight gain, or loss, of >1 kg 
following adjuvant chemotherapy was considered to be signifi-
cant. Cancer stage, treatment modalities, menopausal status 
and other clinical information were obtained through medical 
record review. The results revealed that the weight changes 
ranged from ‑11 to +9 kg, with a mean value of ‑0.4±4.4 kg. A 
total of 66.7% of the patients exhibited weight changes (34.6% 
gained >1 kg and 32.1% lost weight), whereas 33.3% of the 
patients maintained a stable weight (P<0.001). Patients aged 
≤40 years [odds ratio (OR)=1.429, P=0.028], with a weight 
of ≥60 kg at diagnosis (OR=2.211, P=0.023), who received 
≥4 cycles of chemotherapy (OR=1.591, P=0.039) and a total 
hormone dose of ≥200  mg (OR=2.75, P=0.013) exhibited 
a higher risk of weight gain. In conclusion, the body weight 
changes observed in Chinese breast cancer patient post‑adjuvant 
chemotherapy were different from those observed among 
Western populations, represented predominantly by weight 
gain and were reflected by approximately equal percentages of 
weight gain, stable weight and weight loss.

Introduction

Over the previous two decades, weight gain has been shown 
to be a dominant event among Western breast cancer patients 
following adjuvant chemotherapy, exerting a negative effect on 
the quality of life of the patients, since weight gain is associated 
with secondary diseases, such as diabetes and cardiovascular 
diseases (1‑7). Furthermore, weight gain is also associated 
with cancer recurrence and poor prognosis  (8‑13). Several 
previous studies have demonstrated that the majority of breast 
cancer survivors exhibited a mean body weight gain of 1‑6 kg 
following chemotherapy and identified adjuvant chemotherapy 
as an independent prognostic factor for weight gain, with a 
potential long‑term effect (2,3,5,6,11). However, other studies 
did not report a significant difference in weight gain between 
breast cancer patients receiving adjuvant chemotherapy and 
healthy controls (14). Therefore, the frequency and extent of 
body weight gain reported by previous studies may be consid-
ered to be overestimated (14,15).

The causes of weight gain may include reduced physical 
activity and menopause prior to diagnosis. However, the exact 
mechanisms have not been fully elucidated. In addition, the 
previous observations were focused on patients from the USA 
and also patients from Western Europe. The lack of available 
information associated with body weight changes in Chinese 
breast cancer patients following adjuvant chemotherapy 
prompted the investigation of the type of weight changes 
exhibited by Chinese breast cancer survivors and the analysis 
of the potential factors contributing to these changes.

Patients and methods

Study population. This was a retrospective, observational, 
single‑centre study conducted on women with stage I‑IIIA 
primary breast cancer who received adjuvant chemotherapy 
at the First Affiliated Hospital of Xi'an Jiaotong University, 
between 2010 and 2012. All patients underwent modified 
radical mastectomies and had pathologically confirmed inva-
sive non‑specific ductal carcinoma. Patients were excluded if 
they presented with distant metastases or additional cancer(s), 
or if their records did not integrate.

This study was approved by the Institutional Review Board 
of the First Affiliated Hospital of Xi'an Jiaotong University. 
Written informed consent was obtained from the subjects and 
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all clinical investigations were conducted according to the 
principles expressed in the Declaration of Helsinki.

Data collection. All information, including body weight, 
tumor status, age at diagnosis, menopausal status, receptor 
status, chemotherapy regimen, number of chemotherapy cycles 
and total hormone dosage, were obtained through reviewing 
medical records. Body weight change was defined as the differ-
ence in body weight between day 1 of the first chemotherapy 
cycle and the last day of the last cycle. A weight gain or loss 
of >1 kg following adjuvant chemotherapy was considered 
to be significant, whereas weight changes ranging between 1 
and ‑1 kg were considered to indicate a stable weight. Data on 
menopausal status at diagnosis were only included if recorded 
within 3 months prior to or after diagnosis.

Statistical analysis. Categorical variables were expressed as 
frequencies and percentages. Continuous variables were calcu-
lated as means ± SD. A two‑way repeated measures analysis of 
variance (ANOVA) was used to compare the means of repeated 
body weight measurements. The t‑test and χ2 test were used to 
compare the differences in the frequency and magnitude of the 
weight changes. The associations between weight change and 
factors such as age and weight at diagnosis, menopausal status, 
receptor status, clinical stage, regimen and cycle of chemotherapy 
and hormone dosage, were assessed by univariate analysis 
(such as logistic regression model, linear correlation and linear 
regression analysis) and multivariate logistic regression analysis. 
P=0.05 was considered to indicate a statistically significant 

difference. All statistical analyses were conducted using SPSS 
software, version 13.0 (SPSS Inc., Chicago, IL, USA).

Results

Subject demographic data. A total of 98 female breast cancer 
patients who underwent modified radical mastectomy and 
received adjuvant chemotherapy at the First Affiliated Hospital of 
Xi'an Jiaotong University between 2010 and 2012 were included 
in this study. The median number of chemotherapy cycles was 
3.8 and the median observation time was 2.1 months. The clini-
copathological characteristics of the patients are summarized 
in Table I. The mean age at diagnosis was 48.6 years (SD=9.5) 
and the mean weight prior to the initiation of chemotherapy 
was 58.6 kg (SD=9.1). A total of 54.5% of the patients were 
premenopausal and the remaining 45.5% were postmenopausal. 
All patients had stage I‑III disease, with 30.6% of the patients at 
stage I, 41.8% at stage II and 27.6% at stage III (Table I).

Changes in body weight following adjuvant chemotherapy. 
The majority of the studies from Western countries reported 
that breast cancer patients exhibited weight gain following 
chemotherapy. In our study, approximately two thirds of the 
patients exhibited weight changes, with 34.6% of the patients 
presenting with a weight gain of >1 kg and 32.1% with weight 
loss. The weight changes ranged from ‑11 to +9 kg. There was 
no statistically significant difference between weight gain, 
weight loss and stable weight (P=0.519). However, the changes 
in body weight (combined gain and loss vs. stable weight) were 

Table II. Weight changes following chemotherapy.

						     Weight changes
			‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
				    Loss			   Gain
Values	 Total	 Stable		 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 P‑value

Range (kg)	‑ 11 to 9	‑ 1 to 1	 >10	 5‑10	 1‑5	 1‑5	 5‑10	 >10	 <0.001
Percentage (%)	 100	 33.3	 2.1	 13.7	 16.3	 23.4	 11.2	 0

Table I. Clinical characteristics of the patients.

Characteristics	 Patient no.	 Percentage

Menopausal status
  Premenopausal	 53	 54.5
  Postmenopausal	 45	 45.5
Stage
  I	 30	 30.6
  II	 41	 41.8
  III	 27	 27.6
Chemotherapy regimens
  Anthracycline‑based regimens	 42	 42.9
  Anthracycline combined with taxane	 56	 57.1
Age, years (means ± SD)	 48.6±9.5
Weight, kg (mean ± SD)	 58.6±9.1
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distinct (P<0.001, Table II). Furthermore, the two‑way repeated 
measures ANOVA demonstrated that adjuvant chemotherapy 
and the duration of chemotherapy were factors contributing to 
these statistically significant differences (P=0.012 and 0.005, 
respectively; Table III).

Furthermore, the patients were subdivided into several 
subgroups according to the differences in age and weight at 
diagnosis, menopausal status, receptor status, clinical stage, 
chemotherapeutic regimen, number of chemotherapy cycles 
and hormone dosage, and the weight changes were compared 
between those subgroups. As shown in Table IV, there were 
statistically significant differences in the weight changes 
between the age, weight at diagnosis, number of chemotherapy 
cycles and hormone dosage subgroups (P=0.027, 0.013, 0.037 
and 0.038, respectively).

Factors affecting weight gain following chemotherapy. 
Considering the differences in the weight changes presented in 
Table IV, the age and weight at diagnosis, number of chemo-
therapy cycles and hormone dosage may be considered to be 
risk factors for weight gain among Chinese breast cancer 
patients. Using the univariate analysis, these four variables 
were found to be significant in predicting weight gain following 
adjuvant chemotherapy (Table V). Age at diagnosis ≤40 years 
[odds ratio (OR)=1.429, P=0.028], weight at diagnosis ≥60 kg 
(OR=2.211, P=0.023), number of chemotherapy cycles ≥4 
(OR=1.591, P=0.039) and total dose of hormones ≥200 mg 
(OR=2.750, P=0.013) significantly increased the risk of body 
weight gain following chemotherapy. Furthermore, the univar-
iate linear correlation and regression analysis demonstrated 
that the body weight at diagnosis was negatively correlated 
with weight gain (r=‑0.355, R2=0.126, P<0.05). By contrast, the 
hormone dosage used in chemotherapy was positively corre-
lated with weight gain (r=0.111, R2=0.012, P<0.05) (Table VI). 
We also conducted a multivariate logistic regression analysis to 
confirm the effect of these four factors on weight gain and the 
results are presented in Table VII. The P value for each factor 
was 0.019, 0.016, 0.019 and 0.018, respectively.

Discussion

Several previous studies have demonstrated that adjuvant 
chemotherapy correlates with weight changes in Western 

Table III. Analysis of variance in weight repeated measurement.

Source of differences	 SS	 Df	 MS	 F	 P‑value

Total variation	 13,428.060	 95	 141.348	‑	‑ 
Chemotherapy	 2,274.625	 2	 1,137.313	 5.539	 0.012
Individual error	 4,311.697	 21	 205.319	‑	‑ 
Time	 1,017.017	 3	 339.006	 4.782	 0.005
Time x chemotherapy	 1,358.804	 6	 226.467	 3.195	 0.008
Intra‑individual error	 4,465.917	 63	 70.888	‑	‑ 

SS, sum of squares; Df, degree of freedom; MS, mean squares; F, F-value.

Table IV. Comparison of weight changes between subgroups.

	 Weight changes
Factors	 (mean ± SD, kg)	 P‑value

Age (years)		  0.027
  ≤40	 1.1±3.6	
  40‑50	‑ 0.3±4.5	
  ≥50	 ‑1.2±4.6	
Weight (kg)		  0.013
  ≤50	 0.3±5.2	
  50‑60	 1.3±3.5	
  ≥60	 ‑1.8±3.8	
Menopausal status		  0.924
  Premenopausal	‑ 0.4±4.4	
  Postmenopausal	‑ 0.5±5.5	
Receptor status		  0.222
  ER or PR+/HER2+	‑ 0.5±3.9	
  ER or PR+/HER2‑	‑ 1.2±4.9	
  ER or PR‑/HER2+	 0.9±3.1	
  ER or PR‑/HER2‑	‑ 0.5±5.1	
Stage		  0.231
  I	‑ 1.4±4.1	
  II	 0.5±4.4	
  III	‑ 0.6±5.0	
Chemotherapy regimens		  0.150
  Anthracycline‑based	‑ 0.6±3.9	
  Anthracycline combined
  with taxane	‑ 0.2±4.6	
Chemotherapy cycles (no.)		  0.037
  <4	‑ 1.5±4.6	
  ≥4	 0.4±4.1	
Hormone dosage (mg)		  0.038
  ≤100	 ‑0.9±3.8	
  100‑200	 0.5±5.1	
  ≥200	 1.3±4.8	

ER, estrogen receptor; PR, progesterone receptor; HER2, human 
epidermal growth factor receptor 2; SD, standard deviation.
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breast cancer patients, the majority of which reported body 
weight gain (4,5,16‑20). In our study, Chinese patients with 
operable breast cancer exhibited significant weight changes 

following adjuvant chemotherapy (66.7 with altered vs. 33.3% 
with stable weight, P<0.05). Thus, unlike the dominant weight 
gain observed in Western populations, only 34.6% of the 
Chinese patients included in this study gained weight. However, 

Table V. Factors affecting weight gain according to univariate analysis.

Factors	 Percentage of weight gain (%)	 OR (95% CI)	 P‑value

Age (years)
  ≤40	 44.4	 1.429 (1.040‑5.099)	 0.028
  40‑50	 25.0	 1	
  ≥50	 25.0	 0.955 (0.623‑1.463)	 0.830
Weight (kg)
  ≤50	 50.0	 1	
  50‑60	 39.9	 0.583 (0.226‑1.509)	 0.236
  ≥60	 10.1	 2.211 (1.580‑8.321)	 0.023
Menopausal status
  Premenopausal	 31.0	 1	
  Postmenopausal	 27.8	 1.034 (0.414‑2.581)	 0.943
Receptor status
  ER or PR+/HER2+	 26.7	 0.800 (0.209‑3.064)	 0.744
  ER or PR+/HER2‑	 26.1	 1	
  ER or PR‑/HER2+	 23.5	 0.591 (0.298‑1.175)	 0.131
  ER or PR‑/HER2‑	 38.5	 1.507 (0.482‑4.710)	 0.367
Stage
  I	 24.1	 1	
  II	 36.1	 0.933 (0.443‑1.968)	 0.855
  III	 33.3	 1.190 (0.461‑3.071)	 0.717
Chemotherapy regimens
  Anthracycline‑based	 22.2	 1	
  Anthracycline combined with taxane	 33.3	 1.653 (0.958‑2.850)	 0.077
Chemotherapy cycles (no.)
  <4	 22.5	 1	
  ≥4	 41.8	 1.591 (1.166‑2.034)	 0.039
Hormone dosage (mg)
  ≤100	 20.5	 1	
  100‑200	 41.7	 1. 639 (1.500‑3.520)	 0.024
  ≥200	 40.9	  2.750 (1.080‑7.000)	 0.013

OR, odds ratio; CI, confidence interval; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2.

Table VI. Univariate linear correlation and linear regression 
analyses for different factors affecting weight gain.

	 Linear correlation	 Linear regression
	 ----------------------------------	 -----------------------------------
Factors	 r	 P-value	 R2	 P‑value

Age	 0.085	 0.487	 0.007	 0.552
Weight	‑ 0.355	 0.001	 0.126	 0.002
Periodicity	 0.197	 0.084	 0.039	 0.084
Hormone dosage	 0.111	 0.017	 0.012	 0.033

r, correlation coefficient; R2, coefficient of determination.

Table VII. Multivariate logistic regression analysis for dif-
ferent factors affecting weight gain.

Factors	 B	 SE	 Wald	 P‑value

Age	‑ 1.382	 0.587	 5.536	 0.019
Weight	‑ 3.748	 1.560	 5.776	 0.016
Periodicity	 1.214	 0.519	 5.480	 0.019
Hormone dosage	 1.207	 0.512	 5.556	 0.018

B, unstandardized regression coefficient; SE, standard error.
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adjuvant chemotherapy as an independent predictive factor for 
weight gain has been debated upon (14,16). Considering the 
limitation that we did not involve analyses of the endocrine 
therapy or combined systemic treatment, our study exhibits 
reduced power in identifying adjuvant chemotherapy as an 
independent factor affecting weight changes.

We observed that the differences in age and weight at 
diagnosis, number of chemotherapy cycles and hormone 
dosage may be associated with the differences in body weight 
changes. As shown in Table IV, the mean weight change of 
patients with an age of ≤40 years and a weight of <60 kg 
at diagnosis, who received ≥4 cycles of chemotherapy and 
≥100 mg hormone dosage, was higher following adjuvant 
chemotherapy. However, subgroups with different clinical 
characteristics, such as menopausal status, receptor status, 
clinical stage and chemotherapeutic regimens, did not exhibit 
significant differences in body weight changes.

Since weight gain may affect the outcome and compliance 
of breast cancer patients (21,22), we should assess the effects 
of multiple factors on weight gain for the prevention of breast 
cancer. There are several factors contributing to weight gain 
following adjuvant chemotherapy, such as age and weight at 
diagnosis, menopausal status, chemotherapeutic regimen, 
receptor status, clinical stage and number of chemotherapy 
cycles. Other factors, such as lifestyle, educational level and 
economical status were also shown to affect weight gain (23). 
In this study, we demonstrated that patients aged ≤40 years 
at diagnosis were more likely to gain weight compared to 
those aged >40 years. Consistent with the results reported by 
Rock et al (24), the multivariate logistic regression analysis 
indicated that age at diagnosis was independently negatively 
associated with weight gain (Table VII).

The body weight at diagnosis was also shown to be an 
important factor contributing to weight gain (24). Patients 
with a body weight of ≥60 kg exhibited a ~2‑fold higher risk 
of weight gain following adjuvant chemotherapy. Moreover, 
our results also identified weight at diagnosis as an indepen-
dent negative predictive factor for weight gain (r=‑0.355, 
B=‑3.748, P<0.05), with a weak linear correlation (r=‑0.355, 
R2=0.126, P<0.05).

The menopausal status was previously reported to be a 
positive predictor for weight gain in women receiving adju-
vant chemotherapy (24‑26), although it was also reported that 
menopausal status did not affect body weight (27). Our data 
suggested that there was no significant correlation between 
menopausal status and weight changes in Chinese breast 
cancer patients following adjuvant chemotherapy. However, 
due to the limitations of the scale of this study, this subject 
requires further investigation.

Glucocorticoids are widely used to prevent several 
side effects of chemotherapy; however, they may affect body 
weight. Goodwin et al (28) observed that patients treated with 
cyclophosphamide, methotrexate and fluorouracil  (CMF) 
plus prednisolone and ovarian ablation gained more weight 
compared to those treated with CMF alone (5.55 vs. 2.51 kg, 
respectively; P<0.001). However, that study did not eliminate 
the effect of ovarian ablation on weight. To the best of our 
knowledge, this study demonstrated for the first time that 
glucocorticoid administration significantly increased body 
weight in Chinese patients.

Our study had several limitations, due to its retrospec-
tive data from a single center and the relatively small sample 
size. Random measurement errors may occur with regard to 
different timing and methods of body weight measurements. 
Therefore, the power of identifying significant differences 
was limited. Additionally, we did not assess additional factors 
which would potentially affect weight change, including 
energy intake, exercise, education and psychological status. 
Further multicenter, long‑term and random case‑control 
studies are required to further address these issues. However, 
this study was the first to report that adjuvant chemotherapy 
may be associated with weight change in Chinese breast 
cancer patients. The differences between Chinese and Western 
populations may be attributed to racial genetic differences, a 
subject that requires further investigation.
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