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Abstract

Purpose

Weight gain often occurs after breast cancer diagnosis and significantly impacts the general

health of cancer survivors. While the number of breast cancer survivors is increasing, few

studies have reported data on weight change beyond 5 years post-diagnosis. We investi-

gated weight change and associated factors in long-term survivors of breast cancer.

Patients and Methods

Medical records were reviewed on 1363 breast cancer patients and a total of 822 women

who had survived beyond 5 years since diagnosis were included in the final analysis. The

association between demographic, anthropometric, lifestyle, cancer related factors (includ-

ing time since diagnosis, treatment modality, pathologic stage, and hormone receptor sta-

tus), and weight-change over 5 years were examined.

Results

During an average 8.2 years of follow-up time, mean weight gain was 0.32kg (p = 0.017).

175 (21.3%) patients had gained more than 5% of their weight at diagnosis and their aver-

age gain was 5.55kg. Body mass index (BMI) at diagnosis, age at diagnosis, aromatase

inhibitor (AI) use, heavy drinking, and type of surgery were associated with relative weight

gain (�5%) in univariate analysis (all p-values<0.05). Patients who were non-obese at diag-

nosis showed weight gain, while those who were obese at diagnosis lost weight (0.78kg,

−1.11kg, respectively, p<0.001). In multivariate analysis, the non-obese group showed

odds ratio of 2.7 (p = 0.001) relative to the obese group. Younger age group (age 18–54

years) showed odds ratio of 1.9 (p = 0.021) relative to the older age group (age 55–75

years), and patients who did not use AI showed odds ratio of 2.2 (p = 0.006) relative to

women who did.

PLOS ONE | DOI:10.1371/journal.pone.0159098 July 8, 2016 1 / 13

a11111

OPEN ACCESS

Citation: Koo H-Y, Seo Y-G, Cho M-H, Kim M-J, Choi
H-C (2016) Weight Change and Associated Factors
in Long-Term Breast Cancer Survivors. PLoS ONE 11
(7): e0159098. doi:10.1371/journal.pone.0159098

Editor:William B. Coleman, University of North
Carolina School of Medicine, UNITED STATES

Received: April 23, 2016

Accepted: June 27, 2016

Published: July 8, 2016

Copyright: © 2016 Koo et al. This is an open access
article distributed under the terms of the Creative
Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are
credited.

Data Availability Statement: All relevant data are
within the paper.

Funding: These authors have no support or funding
to report.

Competing Interests: The authors have declared
that no competing interests exist.

http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0159098&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Conclusion

Long-term breast cancer survivors who were non-obese at diagnosis are more likely to gain

weight than obese survivors. Younger survivors and survivors who have never used AI are

also likely to gain weight.

Introduction
There is considerable evidence that weight gain often occurs after a patient receives a diagnosis
of breast cancer. Numerous studies have reported that most of the breast cancer survivors
experience weight gain, gaining on average 1.0–6.0kg [1–9]. Suggested mechanisms for post-
diagnosis weight gain include decreased physical activity and chemotherapy-associated meta-
bolic changes [1, 5, 9].

A number of investigations have been carried out to identify predictors of weight gain after
breast cancer diagnosis. Chemotherapy has been found to be positively associated with weight
gain in most studies [2, 5, 10–13], but not in all [14–15]. Several studies reported that premeno-
pausal women are more likely to gain weight [2, 11–13], while others have found no such asso-
ciation [10, 14–16]. Other factors postulated to be associated with weight gain, albeit
inconsistently, include younger age and lower body mass index at diagnosis [6, 7, 10–12, 17].

Post-diagnosis weight gain has received attention for its adverse effect on recurrence rate
and survival time observed in some earlier studies [11, 17–21] but not in others [7, 8, 12, 22].
Its influence on cancer-specific prognosis remains unclear [1, 9]. However, it is evident that
weight gain has a significant impact on the overall health of breast cancer survivors [1, 3, 23].
Weight gain, and consequent obesity, after breast cancer diagnosis might increase the risk of
chronic disease [24–26], and has been associated with increased risk of all-cause mortality and
cardiovascular disease mortality [21]. These findings suggest that weight gain might even affect
the long-term health (including comorbidity or non-cancer death) of breast cancer survivors
who have been cured of the cancer itself.

The number of long-term breast cancer survivors is increasing [27, 28]. To develop general
health management strategies for this population, it is important to determine whether weight
gain persists in long-term survivors and to characterize possible correlates of weight gain. Few
studies have reported data on weight change beyond five years post-diagnosis and even they
are limited to weight change within six years [13, 29, 30]. Considering that a number of women
survive for more than five years, investigations of long-term patterns of weight change are
needed. Consequently, we examined weight changes beyond five years post-diagnosis of breast
cancer. We considered factors related to cancer itself, its treatment, and life style factors.

Patients and Methods

Study population
A retrospective chart review was performed on all women with breast cancer who visited the
breast cancer survivor clinic in the Cancer Health Promotion Center at Seoul National Univer-
sity Hospital, between March 2011 and March 2015. This clinic mainly takes responsibility for
long-term survivorship care of cancer survivors who were referred from surgeons or medical
oncologists. Patients were included if they met all of the following criteria: (1) histologically
confirmed and operable stage 0–IIIA breast cancer, (2) diagnosed with breast cancer more
than five years before clinic visit, (3) had received surgical treatment for cancer (total

Weight Change and Associated Factors

PLOS ONE | DOI:10.1371/journal.pone.0159098 July 8, 2016 2 / 13



mastectomy or breast-conserving surgery), and (4) 18–75 years old at time of diagnosis.
Patients were excluded if they met any of the following criteria: (1) history of other cancers, (2)
evidence of distant metastases, (3) primary surgical treatment for breast cancer received else-
where, (4) lack of body weight records at either the time of diagnosis or clinic visit. A total of
1,363 breast cancer patients who visited the breast cancer survivor clinic were identified
between March 2011 and March 2015. Of these, 822 met the eligibility criteria. This study was
approved by the Institutional Review Board at the Seoul National University Hospital. Since it
was a retrospective chart review study, the IRB waived the requirement for informed consent.
(IRB No: H-1507-130-689)

Anthropometric measurements
Data on body weight and height at diagnosis were obtained from recorded baseline measure-
ments prior to surgery. Weight at first visit to the cancer survivor clinic after surgery was mea-
sured by medical professionals. Patients were weighed on the same scale in light clothing and
without shoes, and the measurement was recorded to the nearest 0.1kg. Body mass index
(BMI) was categorized as normal weight (BMI<23kg/m2), overweight (BMI 23–25kg/m2), or
obese (BMI�25kg/m2) according to the World Health Organization criteria for Asians [31].
Relative percent weight changes between diagnosis and clinic visit after surgery were calculated
by ((weight at clinic visit—weight at diagnosis)/ weight at diagnosis) ×100. Patients were then
categorized into three groups: gain (�5% gain), stable (-5 to 5% change), or loss (�5% loss).

Demographic, clinical, and lifestyle characteristics
Information on demographic and clinical characteristics was obtained through medical record
review. Data included age at diagnosis, time between diagnosis and clinic visit, type of surgery,
history of adjuvant treatment (chemotherapy, radiotherapy, any hormone therapy, aromatase
inhibitor use, and tamoxifen use), pathologic stage, histologic type of tumor, and hormone
receptor status. Pathologic stage was calculated according to the American Joint Committee on
Cancer (6th Edition of the Cancer Staging Manual).

Data on lifestyle characteristics were obtained from medical records, recorded by the attend-
ing physician at the clinic visit. Patients were asked about the type, duration, and frequency of
usual physical activities for the month prior to the clinic visit. Intensity of each activity was
assessed using the classification made by Ainsworth et al [32]. Physical activity level was
dichotomized as “sufficient” (�150min/week of moderate-intensity activity or�75min/week
of vigorous-intensity activity) or “insufficient” (<150min/week of moderate-intensity activity
or<75min/week of vigorous-intensity activity) according to the American College of Sports
Medicine and American Heart Association’s recommendations (2007). Smoking status was
categorized as “no” (never a smoker) or “yes” (a past or current smoker). Drinking was defined
as having drunk any alcohol more than three drinks per day or more than seven drinks per
week according to the National Institute on Alcohol Abuse and Alcoholism’s definition of
heavy drinking (2000).

Data analysis
Absolute weight change from cancer diagnosis to clinic visit was calculated. The significance of
weight changes over time was examined using the paired t-test.

The associations between demographic, anthropometric, lifestyle, cancer-related variables,
and weight change were then examined. The t-test was conducted to compare differences
in weight change across categorical variables. Spearman’s rank correlation analysis was per-
formed to investigate the relationship between weight change and continuous variables. The
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associations between relative weight gain (�5%) and demographic, anthropometric, lifestyle,
and cancer-related variables were also examined. Two-way tables and chi-squared or Fisher’s
exact tests were used to compare proportions of category of weight gain by other categorical
variables. Simple logistic regression analysis was conducted to examine the association between
weight gain and continuous variables.

Multivariate logistic regression analysis was performed with relative weight gain as the
dependent variable. Variables associated with weight gain at a level of p<0.05 in the univariate
analysis were considered for inclusion in the final multivariate model. Multicollinearity was
examined using the variance inflation factor. All analyses were conducted using STATAMP
statistical software, version 14.0 (College Station, TX). All tests were two-sided and the signifi-
cance levels were set at p< 0.05.

Results

Description of the study population
The demographic, anthropometric, lifestyle and cancer-related characteristics of the study pop-
ulation are summarized in Table 1. Mean patient age at diagnosis was 49.4 years. Mean patient
body weight was 57.8 (±8.0) kg, and mean BMI was 23.3 (±3.1) kg/m2 at the time of diagnosis.
At diagnosis, 199 (24.2%) patients were categorized as obese, 196 (23.8%) were overweight,
and 427 (52.0%) were of normal weight. Only 108 (13.1%) patients met the criteria for suffi-
cient levels of physical activity, and 571 (69.5%) had insufficient physical activity. The majority
of women had no history of smoking; only 8 women (1.0%) were past or current smokers.
Most women reported drinking no alcohol or low-risk drinking; 42 (5.2%) reported heavy
drinking. In terms of cancer-related characteristics, the mean interval from diagnosis to clinic
visit was 8.2 years. In terms of intervention, 468 (56.9%) patients received breast conserving
surgery, 354 (43.1%) received mastectomy, 442 (53.8%) received chemotherapy, 464 (56.5%)
received radiotherapy, and 519 (63.1%) received hormone therapy.

Weight changes
Weight changes from cancer diagnosis to clinic visit are summarized in Table 2. The overall
mean weight change was 0.32kg (95% confidence interval (CI): 0.06–0.59, p = 0.017). Patients
who visited the clinic 5–10 years post-diagnosis (n = 571) had a mean weight gain of 0.4kg
(95% CI: 0.09–0.71, p = 0.013), while patients who visited the clinic 10–15 years post-diagnosis
(n = 251) had a mean gain of 0.16kg (95% CI: -0.35–0.68, p = 0.536). A total of 175 (21.3%)
patients had gained more than 5% of their weight at diagnosis, and their average weight gain
was 5.55kg. The number of patients who lost more than 5% of weight was 135 (16.4%), fewer
than the number of patients who gained weight. The number of overweight or obese patients
increased from 395 (48.1%) at diagnosis to 420 (51.1%) at clinic visit.

Predictors of weight change
Absolute weight change from diagnosis to clinic visit was significantly correlated with weight
and BMI at diagnosis (r = -0.177, p<0.001 and r = -0.230, p<0.001, respectively). As can be
seen in Table 3, patients who were of normal weight or overweight at diagnosis (n = 623)
showed weight gain, while those who were obese at diagnosis (n = 199) lost weight after cancer
treatment (0.78kg and -1.11kg, respectively, p<0.001). Among 175 patients who gained more
than 5%, most (69.1%) were of normal weight at the time of diagnosis. When comparing the
odds ratio for relative weight gain (�5%), the non-obese group showed higher odds ratio (OR
2.6, p<0.001) relative to the obese group. Age at diagnosis also showed a negative correlation
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Table 1. Characteristics of the Study Population (n = 822).

Mean±SD or Number (%)

Age at diagnosis (years) 49.4y±8.6

18–44 261 (31.8)

45–54 354 (43.1)

55–75 207 (25.2)

Height (cm) 157.7 ±5.0

Weight at diagnosis (kg) 57.8 ±8.0

BMI at diagnosis (kg/m2) 23.3 ±3.1

Obesity at diagnosis

Normal (BMI<23kg/m2) 427 (52.0)

Overweight (BMI 23–25kg/m2) 196 (23.8)

Obese (BMI�25kg/m2) 199 (24.2)

Smoking a

Yes 8 (1.0)

No 680 (82.7)

Drinking b

Yes 42 (5.1)

No 645 (78.5)

Physical activity c

Insufficient 571 (69.5)

Sufficient 108 (13.1)

Time since diagnosis (years) 8.2y±2.6

5–10 571 (69.5)

10–15 251 (30.5)

Type of surgery

Breast conserving surgery 468 (56.9)

Mastectomy 354 (43.1)

Chemotherapy

Yes 442 (53.8)

No 380 (46.2)

Radiotherapy

Yes 464 (56.5)

No 358 (43.6)

Hormone therapy d

Yes 519 (63.1)

No 303 (36.9)

Aromatase inhibitor use

Yes 192 (23.4)

No 630 (76.6)

Tamoxifen use

Yes 361 (43.9)

No 461 (56.1)

Pathologic stage

0 75 (9.1)

I 355 (43.2)

II 350 (42.6)

IIIA 42 (5.1)

Histologic type

(Continued)
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with weight change (r = -0.169, p<0.001). When comparing the relative weight gain among
age groups, the younger (18–54 years) age group showed higher odds ratio for weight gain (OR
2.5, p<0.001) relative to the older age group (age 55–75 years). Heavy drinking was found to
be associated with relative weight gain (OR 2.1, p = 0.025). Smoking and physical activity were
not associated with weight changes (Table 3).

Table 4 presents the univariate analyses of associations between weight changes and cancer-
related factors. Patients who received breast conserving surgery gained weight, while those who
received mastectomy lost a small amount of weight (0.64kg and -0.09kg, respectively,
p = 0.007). Patients who did not use aromatase inhibitors showed weight gain, whereas those
who did showed weight loss (0.58kg and -0.52kg, respectively, p<0.001). Time since diagnosis,
chemotherapy, radiotherapy, hormone therapy, tamoxifen use, pathologic stage, histologic
type of cancer, and hormone receptor status were not associated with weight changes.

Table 5 shows the final model for weight gain after breast cancer diagnosis. Multivariate
logistic regression analysis was performed including potential predictor variables that were
associated with relative weight gain in univariate analyses. Before entering the five factors into
a multivariate model, multicollinearity was checked. No significant multicollinearity was found
using the variance inflation factor (range: 1.02–1.13) among the five variables. In the final
model, BMI at diagnosis, age at diagnosis, and aromatase inhibitor use were found to be signifi-
cantly associated with weight gain (p-values for each factors were 0.001, 0.021, and 0.006
respectively).

Discussion
In this study of long-term survivors of breast cancer, only a small amount of weight gain was
observed over 5 years post-diagnosis. The average weight gain was 0.32kg, which is far less
than gains observed within 5 years post-diagnosis in most studies [1, 7, 10, 31]. However, this
result needs to be interpreted with caution because ethnic differences might exist in weight

Table 1. (Continued)

Mean±SD or Number (%)

Infiltrating ductal carcinoma or DCIS 761 (92.6)

Infiltrating lobular carcinoma or LCIS 13 (1.6)

Others 48 (5.8)

Estrogen receptor e

Positive 502 (61.1)

Negative 308 (37.5)

Progesterone receptor f

Positive 416 (50.6)

Negative 393 (47.8)

Abbreviations: SD, standard deviation; BMI, body mass index;; DCIS, ductal carcinoma in situ; LCIS, lobular

carcinoma in situ.
a Data were missing on smoking status in 134 (16.3%) patients.
b Data were missing on drinking status in 135 (16.4%) patients.
c Data were missing on physical activity level in 143 (17.4%) patients.
d Hormone therapy: any hormone therapy including aromatase inhibitor, tamoxifen, gorsereline, farestone,

etc.
e Data were missing on estrogen receptor status in 12 (1.5%) patients.
f Data were missing on progesterone receptor status in 13 (1.6%) patient.

doi:10.1371/journal.pone.0159098.t001
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gain. Previous research has suggested that there are differences in patterns of weight change
between Korean andWestern breast cancer survivors [14, 15, 33]. In a study by Jeon et al.,
Korean breast cancer patients gained an average of 3.4kg during the adjuvant TAC (docetaxel-
doxorubicin-cyclophosphamide) chemotherapy period, but this gain was not sustained at 12 or
24 months post-surgery (mean weight change: -0.19kg and -0.37kg, respectively) [33]. This
finding implies that weight gain may only be transient in Korean breast cancer survivors.
However, previous studies were of small sample sizes and limited to patients who received
chemotherapy.

Studies conducted in the West demonstrated that weight gain persisted for 2–6 years after
cancer treatment [6, 7, 29, 30]. In a prospective study of Australian women with early breast
cancer [29], progressive weight gain was observed over 72months of follow-up. While overall
median weight gain of participants was small (0.7kg), 80% of women who gained weight expe-
rienced a larger gain than age-matched norms. The proportion of overweight or obese women

Table 2. Weight Change Trends According to Time since Diagnosis.

Time since diagnosis

Overall (n = 822) 5–10yr (n = 571) 10–15yr (n = 251)

Mean±SD or Number (%) Mean±SD or Number (%) Mean±SD or Number (%)

Absolute weight change (kg) 0.32±3.89 0.40±3.78 0.16±4.13

BMI change (kg/m2) 0.12±1.56 0.15±1.51 0.05±1.66

Weight change classification

Loss (�-5%) 135 (16.4) 87 (15.2) 48 (19.1)

Stable (-5~5%) 512 (62.3) 361 (63.2) 151 (60.2)

Gain (�5%) 175 (21.3) 123 (21.5) 52 (20.7)

Abbreviations: SD, standard deviation; BMI, body mass index

doi:10.1371/journal.pone.0159098.t002

Table 3. General Characteristics andWeight Change after Breast Cancer Diagnosis.

Absolute weight change (kg) Relative weight gain (�5%)

Mean SD p-value Number (%) OR (95% CI) p-value

Age at diagnosis (years) 0.011 <0.001

18–54 0.53 3.94 151 (24.6) 2.5 (1.6–3.9)

55–75 -0.27 3.71 24 (11.6) 1

BMI at diagnosis (kg/m2) <0.001 <0.001

<25 (normal or overweight) 0.78 3.74 153 (24.6) 2.6 (1.6–4.2)

�25 (obese) -1.11 4.01 22 (11.1) 1

Smoking 0.506 0.279

Yes 1.24 2.91 3 (37.5) 2.2 (0.5–9.2)

No 0.32 3.92 147 (21.6) 1

Drinking 0.189 0.025

Yes 1.10 4.07 15 (35.7) 2.1 (1.1–4.1)

No 0.28 3.90 135 (20.9) 1

Physical activity 0.375 0.494

Insufficient 0.39 3.97 128 (22.4) 1.2 (0.7–2.0)

Sufficient 0.02 3.59 21 (19.4) 1

Abbreviations: SD, standard deviation; BMI, body mass index.

Data were calculated from unadjusted analyses.

doi:10.1371/journal.pone.0159098.t003
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increased from 57–68% between 6 and 72 months after surgery. In the Women’s Healthy Eat-
ing and Living (WHEL) study, which examined weight changes of 2,972 breast cancer survi-
vors, mean body weight progressively increased for two years post-diagnosis, then plateaued
[30]. Only 10% of participants returned to their pre-diagnosis weight during 6 years of follow-
up. These findings suggest that weight gain after breast cancer diagnosis may not be transitory
but may persistent, implying the need for further investigation into long-term weight change
patterns in Asian and Western women.

Table 4. Cancer-related Factors andWeight Change after Breast Cancer Diagnosis.

Absolute weight change (kg) Relative weight gain (�5%)

Mean SD p-value Number (%) OR (95% CI) p-value

Time since diagnosis(years) 0.426 0.790

5–10 0.40 3.78 123 (21.2) 1.1 (0.7–1.5)

10–15 0.16 4.13 52 (20.5) 1

Type of surgery 0.007 0.049

Breast conserving surgery 0.64 3.72 111 (23.7) 1.4 (1.0–2.0)

Mastectomy -0.09 3.99 64 (18.1) 1

Chemotherapy 0.311 0.986

Yes 0.45 3.87 94 (21.3) 1.0 (0.7–1.4)

No 0.18 3.92 81 (21.3) 1

Radiotherapy 0.453 0.286

Yes 0.41 3.91 105 (22.6) 1.2 (0.9–1.7)

No 0.21 3.88 70 (19.6) 1

Hormone therapy 0.231 0.929

Yes 0.20 4.13 111 (21.4) 1.0 (0.7–1.4)

No 0.54 3.44 64 (21.1) 1

Aromatase inhibitor use <0.001 <0.001

Yes -0.52 3.88 23 (12.0) 1

No 0.58 3.86 152 (24.1) 2.3 (1.5–3.7)

Tamoxifen use 0.877 0.221

Yes 0.35 4.04 84 (23.3) 1.2 (0.9–1.7)

No 0.31 3.78 91 (19.7) 1

Pathologic stage 0.218 0.271

0, I 0.48 3.70 98 (22.8) 1.2 (0.9–1.7)

II, IIIA 0.15 4.09 77 (19.6) 1

Histologic type 0.160 0.106

IDC or DCIS 0.27 3.89 157 (20.6) 0.6 (0.3–1.1)

Other histologic types a 1.00 3.94 18 (29.5) 1

Estrogen receptor 0.423 0.671

Yes 0.20 3.92 109 (21.7) 1.1 (0.8–1.5)

No 0.46 3.84 63 (20.5) 1

Progesterone receptor 0.700 0.260

Yes 0.27 3.91 95 (22.8) 1.2 (0.9–1.7)

No 0.37 3.87 77 (19.6) 1

Abbreviations: SD, standard deviation; IDC, Infiltrating ductal carcinoma; DCIS, ductal carcinoma in situ

Data were calculated from unadjusted analyses.
a Other histologic types: Any histologic types other than infiltrating ductal carcinoma or ductal carcinoma in situ, including infiltrating lobular carcinoma,

lobular carcinoma in situ, etc.

doi:10.1371/journal.pone.0159098.t004
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In the present study, patients who were of normal weight at breast cancer diagnosis showed
an increase in weight after at least five years post-surgery, while obese patients experienced a
weight loss. Of the 175 women who gained more than 5% of baseline weight, 69% were of nor-
mal weight at diagnosis. A negative relationship was identified between BMI at diagnosis and
the risk for weight gain. This finding is consistent with previous studies that have reported
weight changes over a relatively short period of time [7, 10, 26]. For example, a observational
study of breast cancer patients found that women who were of normal weight(BMI<25kg/m2)
at diagnosis gained an average of 2kg during the following year, while overweight and obese
women lost 1.4kg and 1.9kg, respectively [26]. In contrast, in the general population women
with higher baseline BMI are known to gain more weight [34, 35]. These contrasting trends
between women with breast cancer and cancer-free women might have been caused by cancer
survivor-specific mechanism of weight change.

The exact reason has not been identified to date, but the fact that similar weight change pat-
terns were observed in both short- and long-term survivors implies that a persistent factor
affecting weight gain after diagnosis might exist. One possible explanation is that a fact that
obesity has a negative impact on cancer prognosis and general health, thus obese women may
have become more conscious of their weight after the diagnosis of cancer. This could have led
to better health-related behaviors compared with normal weight women [26]. Several studies
have suggested that the stress of receiving a cancer diagnosis and undergoing treatment might
have a persistent negative impact on behavioral factors, such as diet and physical activity,
which are associated with sustained weight gain [1, 6, 10]. Our study failed to find a significant
association between physical activity level and weight change; however, this result must be
interpreted with caution because information on physical activity at diagnosis was not col-
lected. It is possible that a reduction in physical activity between the time of diagnosis and
clinic visit was missed.

Weight gain is known to increase the risk of coronary heart disease and premature death
even if it is in the range of normal BMI [36, 37]. If weight gain in women with normal weight is
not recovered quickly and patients become overweight or obese, the risk of associated comor-
bidities may increase further. A number of investigations on weight management strategies for
breast cancer survivors have been conducted recently [38, 39]. Considering the finding of the
current study, weight control interventions may have to be sustained over a long-term period,
especially in women who were of normal weight at diagnosis.

Table 5. Factors Related to Relative Weight Gain (�5%) in Long-term Breast Cancer Survivors.

Variables aOR 95% CI p-value

BMI <25 kg/m2 at diagnosis (ref. BMI�25.0 kg/m2) 2.7 1.5–
4.8

0.001

Age <55 years at diagnosis (ref. �55 years) 1.9 1.1–
3.3

0.021

No AI use (ref. AI use) 2.2 1.3–
4.0

0.006

Drinking >3 drinks/day or >7 drinks/week (ref.�3 drinks/day&�7 drinks/
week)

1.8 0.9–
3.5

0.101

Breast conserving surgery (ref: mastectomy) 1.3 0.9–
1.9

0.182

Abbreviations: aOR, adjusted odds ratio; CI, confidence interval; ref., reference group; BMI, body mass

index; AI, aromatase inhibitor.

Data were calculated from multivariate logistic regression analysis after adjustment for related variables.

doi:10.1371/journal.pone.0159098.t005
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Factors other than BMI associated with weight gain in the present study were age at diagno-
sis and aromatase inhibitor use. Age at diagnosis showed a negative correlation with weight
change, consistent with earlier studies [6, 7, 10]. The exact mechanism is not clear, but similar
patterns of weight gain have been observed in the general population of women [40, 41]: a
report on body weight and weight changes in U.S. adults [40] showed that adults younger than
55 years tend to gain weight while those 55 years and older tend to lose weight when followed
up for 10 years. Age might be a factor affecting weight change in all adults, including cancer
survivors and the healthy population, although the magnitude of weight change can differ [2,
10]. In our study, patients who had never used aromatase inhibitors were more likely to gain
weight than those who had in our study; however, most previous investigations found no sig-
nificant association [9, 15, 26]. Since aromatase inhibitors are usually used in postmenopausal
women, the association observed in our study might have been induced by the effect of meno-
pausal status. It is likely that women who had used aromatase inhibitors were already postmen-
opausal at the time of diagnosis, while many of the women who had not used aromatase
inhibitor were premenopausal at diagnosis and experienced menopause during cancer treat-
ment. Several studies have suggested that treatment-induced menopause maybe associated
with weight gain by accelerating menopause-related physiologic changes such as fat accumula-
tion [1, 2, 42]. However, the association remains controversial [10, 14–16], and further research
should include data on changes in menopausal status. History of chemotherapy, which was
associated with weigh gain in most reports, did not show a significant association in the current
study: this result is in line with other studies conducted in Korea [14–15].

There are some limitations in this study. It was a retrospective, cross-sectional study. Partic-
ipants were recruited from a single university hospital, so they may not be representative of the
entire population of breast cancer survivors in Korea; however, this clinic takes responsibility
for about 2–3% of Korean long-term breast cancer survivors [43–44]. Because of limitations in
data collected by history taking at the clinic, physical activity level was not quantified by a stan-
dard instrument such as the International Physical Activity Questionnaire. In addition, data on
other factors related to energy balance, such as dietary intake, was not collected. Strengths of
this study include being the only study to specifically examine weight changes in long-term
breast cancer survivors who have survived beyond 5 years post-diagnosis. Few data exist on
long-term weight change patterns of women with breast cancer. In addition, this study has a
relatively large sample size and included data on various clinical characteristics that are poten-
tial risk factors for weight gain, including cancer-related factors.

Conclusion
This is the first study to investigate weight change after breast cancer diagnosis in women who
have survived beyond 5 years. Only small weight gains were observed during an average
8.2years of follow up in Korean breast cancer survivors, implying that weight gain after breast
cancer diagnosis may differ among ethnic groups and time periods. However, survivors who
were non-obese at diagnosis were more likely to gain weight than obese survivors. Younger sur-
vivors and survivors who had never used aromatase inhibitors were also likely to experience
weight gain. Further studies should examine long-term weight change patterns of Asian and
Western breast cancer survivors, and elucidate the relationship between weight gain and gen-
eral health in this population.
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