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A B S T R A C T

To evaluate the association between systemic treatments and post-diagnosis weight gain in

breast cancer patients during longer follow-up periods, we conducted a retrospective

cohort study (n = 271). Information on adjuvant systemic treatments and repeated body

weight measurements was obtained from medical records, and analysed using multi-level

regressions.

During the first year, a mean weight change of +2.0 kg (SD 4.9) was observed. Overall, 29%

of all breast cancer patients had gained 5 kg or more in body weight during total follow-up

(median: 3 years). In multi-level analyses, women who received combined systemic treat-

ment gained significantly more weight as compared with women who received no systemic

treatment (4.5 kg versus 2.0 kg at 5 years post-diagnosis, p < 0.05).

Significant weight gain occurs in breast cancer patients in the Netherlands during the

first year post-diagnosis. After the first year, further weight gain mainly occurs in women

who receive chemotherapy in combination with endocrine therapy.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

The prevalence of overweight and obesity in Europe has in-

creased over the last decades.1 Overweight and obesity are

associated with an increased risk of chronic diseases includ-

ing post-menopausal breast cancer.2 Moreover, adverse prog-

nostic effects of obesity at diagnosis have been observed in

both pre- and post-menopausal women.3,4

In addition to a high prevalence of overweight and obesity

in breast cancer patients at diagnosis, unintentional body

weight gain during and after adjuvant treatment is frequently

observed. A review of the literature shows that the mean gain

in body weight ranges from 2.5 to 6.2 kg in studies of weight

gain in breast cancer patients during the first year after diag-

nosis.3 Suggested causes of post-diagnosis body weight gain

in breast cancer patients are often related to the effects of
er Ltd. All rights reserved
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okus).
systemic treatments, i.e. especially women who receive che-

motherapy are likely to gain body weight.5–7 Earlier onset of

menopause experienced with chemotherapy is a plausible

cause of body weight gain in breast cancer patients who are

pre-menopausal at diagnosis.5,6,8 Reduced physical activity-

related energy expenditure is possibly a major determinant

of weight gain after diagnosis, as marked reductions in the le-

vel of physical activity after breast cancer diagnosis were ob-

served.9–12 Resting energy expenditure was shown not to

change markedly during and after chemotherapy.9,13–16 In

addition, most studies did not find an increased dietary intake

in breast cancer patients.9,15 Besides adjuvant chemotherapy,

adjuvant endocrine therapy (e.g. Tamoxifen) is often sug-

gested as a predictor for body weight gain.17,18 However, a

study on the effects of Tamoxifen on the health-related qual-

ity of life within the National Surgical Adjuvant Breast and
.
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Bowel Project P-1 Trial did not show differences in body

weight gain between women randomised to Tamoxifen com-

pared to a placebo treatment.19

Post-diagnosis body weight gain is associated with in-

creased risk of recurrence and reduced survival in some

observational studies, but not all.10,18,20 Body weight gain

and subsequently obesity could not only increase the risk of

contralateral breast cancer, but also contribute to the devel-

opment of other diseases, such as diabetes and hypertension,

and other cardiovascular problems.21–23 In addition, body

weight gain after breast cancer diagnosis could have a serious

negative impact on self-image and quality of life of the breast

cancer patients.10 Most studies on body weight after breast

cancer were conducted in the United States (US), where prev-

alence of obesity is much higher than in some European

countries. The role of endocrine treatments for breast cancer

in the development of weight gain remains to be elucidated,

as do the long-term effects of adjuvant systemic treatments

on body weight.

Considering the potential adverse consequences of body

weight gain, the objective of this study was to investigate the

frequency and magnitude of post-diagnosis body weight gain

in relation to breast cancer treatment in Dutch breast cancer

survivors. We explored the associations between post-diagno-

sis body weight gain and treatment regimens, i.e. chemother-

apy and/or endocrine therapy, during the first year after

diagnosis as well as during longer periods of follow-up.

2. Patients and methods

2.1. Study population

This study was based on a hospital-based retrospective co-

hort. Data were collected from medical records of breast can-

cer patients who had been diagnosed and/or treated at The

Netherlands Cancer Institute–Antoni van Leeuwenhoek Hos-

pital (NKI–AVL) in Amsterdam, The Netherlands. The cohort

consisted of all breast cancer patients from the files of one

radiation-oncologist (NSR), who measured and recorded body

weights of patients at follow-up consults on a regular basis.

The file contained 315 breast cancer patients. Twenty two

medical records were irretrievable or missing, usually because

the patient had been discharged, and another 22 patients

were excluded because only one recorded body weight was

available. This resulted in the medical records of 271 individ-

uals, which were available for analyses in our study. Thirty

women developed a second primary mammary tumour. We

used information on body weight after diagnosis of the first

primary tumour in 250 women and of the second tumour in

21 women, as these were the tumours for which information

on post-diagnosis body weight was available. In cases of

breast cancer recurrence (n = 15) or contralateral breast can-

cer (n = 9), the data on body weight were only included up to

6 months before diagnosis of the metastasis or contralateral

tumour.

2.2. Data collection

Information on body weight (in kg, no decimals), including

date of measurement, was extracted from the medical
records using a standardised protocol. We obtained informa-

tion from reports of clinical examination, follow-up history,

anaesthesiology reports, chemotherapy medication reports

and from medical correspondence.

Additional information on date of diagnosis, type of sys-

temic treatment and recurrence of breast cancer was ob-

tained from the NKI–AVL tumour registry. Age at diagnosis,

menopausal status at diagnosis and date of start with chemo-

therapy or endocrine therapy were collected from the medical

records. For each treatment including radiotherapy, chemo-

therapy and endocrine therapy, the exact starting date was

collected. Data on menopausal status at diagnosis were only

included if recorded within 3 months before or after diagnosis

(pre-menopausal or post-menopausal, respectively). If meno-

pausal status was missing patients were categorised based on

age (n = 103), i.e. pre-menopausal if age at diagnosis was 50

years or younger, post-menopausal if age at diagnosis was

51 years or older.

2.3. Data analyses

Post-diagnosis weight gain in relation to treatment was eval-

uated in two phases. Firstly, we assessed frequency and mag-

nitude of body weight change in subgroups based on

treatment and menopausal status. Secondly, to fully utilise

all information on repeated measurements of body weight,

several multi-level regression analyses were conducted.

For the descriptive analyses, three different body weight

variables were created, i.e. body weight at diagnosis, body

weight 1 year after diagnosis and body weight 5 years after

diagnosis. When body weight at diagnosis was not available,

we used the first body weight measured between 1 month be-

fore diagnosis and 3 months after diagnosis, but before start

of systemic treatments. Body weight 1 year after diagnosis

was defined as the last body weight measured in the period

from 3 to 15 months after diagnosis (median 0.9 years; range

0.3–1.7 years). Body weight 5 years after diagnosis was defined

as the last body weight measured between 15 months and 6

years after diagnosis (median 3.1 years; range 1.3–6.0 years).

One-sample t-tests were used to determine whether the

changes in body weight between diagnosis, 1 year after diag-

nosis, and 5 years after diagnosis were significantly different

from zero. Differences between groups based on treatment or

menopausal status were compared using independent sam-

ples t-tests. A two-sided p-value of 0.05 was considered statis-

tically significant. Descriptive analyses were conducted using

SPSS version 12.0.1.

To analyse the repeated body weight measurements for

each individual using exact time of measurement, we con-

ducted a multi-level analysis. Follow-up time (in years) repre-

sents the period between date of diagnosis and the dates of

measurement of each body weight, with maximum follow-

up time in the model set at 10 years post-diagnosis. For mod-

elling body weight development over time we fitted two

slopes in our basic model; the first slope estimated linear

change in body weight over time, the second slope described

a second order polynomial with time, to allow for departures

from linearity. Age at diagnosis was added to the model as a

time-independent variable. Therefore, the intercept was body

weight at diagnosis, which will differ by age at diagnosis. To
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evaluate the effects of treatment, all individual body weights

were categorised into one of 10 treatment categories, i.e. (0)

no chemo- or endocrine therapy, (1) during chemotherapy

(0–6 months since start of chemotherapy), no endocrine ther-

apy, (2) shortly after chemotherapy (6–12 months after start of

chemotherapy), no endocrine therapy, (3) during longer fol-

low-up after chemotherapy (12–24 months), no endocrine

therapy, (4) more than 2 years after chemotherapy, no endo-

crine therapy, (5) during endocrine therapy, no chemotherapy,

(6) 0–6 months after start of chemotherapy, during endocrine

therapy, (7) 6–12 months, (8) 12–24 months and (9) more than

2 years after start of chemotherapy during endocrine therapy.

In this way, we were able to distinguish changes in body

weight with different treatment combinations. Likelihood ra-

tio tests were used to assess the levels of significance for the

fixed and random effects. The multi-level analyses were per-

formed with MLWin software, version 2.02.

3. Results

All women included in this study (n = 271) were diagnosed

with breast cancer between 1974 and 2006, and were treated

with surgery and radiotherapy. Median follow-up time was

3.1 years with a range of 0.1–32.1 years. Clinical and tumour

characteristics of the study population are shown in Table 1.

Mean age was 54 years (SD 12). Fourteen percent received only

chemotherapy as systemic treatment, 25% received only

endocrine therapy, 32% received combined systemic treat-

ment (i.e. chemotherapy and endocrine therapy) and 29% re-

ceived no adjuvant systemic treatment (Table 1). Mean body

weight at diagnosis was 70.3 kg (SD 12.9) and mean BMI was

25.4 kg/m2 (SD 4.3). Table 2 shows age, menopausal status
Table 1 – Baseline characteristics at diagnosis and therapy rec

Age, years (mean ± SD)

Stage, n (%)

0 (TisN0)

I (T1N0)

II (T1N1; T2Na, T3N0)

III (T3N1)

Chemotherapy regimen, n (%)

No chemotherapy

AC or EC

CMF

FAC or FEC

Other (incl Herceptin)

Endocrine therapy, n (%)

No endocrine therapy

Tamoxifen

Other

Body weight, kg (mean ± SD)

Height, cm (mean ± SD)

Body mass index, kg/m2 (mean ± SD)

Menopausal statusa, n (%)

Pre-menopausal

Post-menopausal

Follow-up (years), median (range)

a Menopausal status at diagnosis; if menopausal status was missing, pat

age at diagnosis P 51).
and anthropometric measurements stratified by treatment

group. Women who received only chemotherapy were signif-

icantly younger (mean ± SD: 48.4 ± 9.6 years) than women

who received only endocrine therapy (61.6 ± 11.1 years,

p < 0.001). Women who received only chemotherapy were

most often pre-menopausal (66%), whereas most women

who received endocrine therapy only were post-menopausal

(84%). Body weight at diagnosis did not differ significantly be-

tween the four treatment groups.

In our study population, a significant mean change in body

weight of +2.4 ± 5.6 kg was observed during approximately 3.4

years of follow-up (Table 3). Most of the weight gain occurred

in the first year after diagnosis (mean ± SD: +2.0 ± 4.9 kg).

Twenty six percent of all patients gained 5 kg or more during

the first year. In the period after the first year, 43% of the wo-

men had a stable body weight. On comparing the treatment

groups, marked differences in body weight change were ob-

served (Table 3). Women who did not receive any systemic

treatment gained some weight during the first year after diag-

nosis (mean ± SD: 1.5 ± 3.9 kg; p < 0.05). However, during total

follow-up no significant weight gain was observed in this

group, as some weight was lost after the first year. Women

who were treated with chemotherapy, either with or without

endocrine therapy, gained on average more than 2 kg in body

weight during the first year after diagnosis (mean ± SD: only

chemotherapy: 2.2 ± 4.3; combined therapy: 2.6 ± 6.0;

p < 0.05). Interestingly, women who received only chemother-

apy lost some weight during follow-up after the first year,

whereas women who received combined systemic treatment

experienced further weight gain. The highest overall

body weight gain in the 5 years after diagnosis was found

in women who received combined systemic treatment
eived by the study population

54 ± 12

13 (4.8)

86 (31.7)

104 (38.4)

42 (15.5)

146 (53.9)

71 (26.2)

12 (4.4)

22 (8.1)

18 (6.6)

117 (43.2)

120 (44.3)

34 (12.5)

70.4 ± 12.9

1.67 ± 0.07

25.5 ± 4.4

127 (46.9)

144 (53.1)

3.1 (0.1–32.1)

ients were categorised based on age (n = 103; i.e. post-menopausal if



Table 3 – Change in body weight according to adjuvant systemic treatment

n Follow-up Change (kg) Body weight change (% of n)

Median (range) Mean ± SD Loss P 2 kg Stable ± 1 kg Gain 2–4 kg Gain P 5 kg

All women

W5 years versus dx 173 3.4 (1.3–6.0) 2.4 ± 5.6* 15.6 29.5 25.4 29.5

W1 year versus dx 179 0.9 (0.3–1.3) 2.0 ± 4.9* 18.4 29.1 26.8 25.7

W5 years versus 1 year 136 3.1 (1.3–6.0) 0.5 ± 4.8 22.8 43.4 18.4 15.4

No systemic treatment

W5 years versus dx 45 3.0 (1.3–5.8) 0.9 ± 4.0 22.2 40.0 22.2 15.6

W1 year versus dx 49 0.9 (0.3–1.2) 1.5 ± 3.9* 16.3 38.8 22.4 22.4

W5 years versus 1 year 32 2.8 (1.4–5.5) –1.2 ± 5.2 34.4 46.9 12.5 6.3

Chemotherapy only

W5 years versus dx 23 2.9 (1.3–6) 1.7 ± 5.1 13.0 39.1 17.4 30.4

W1 year versus dx 31 1.0 (0.3–1.2) 2.2 ± 4.3* 16.1 19.4 38.7 25.8

W5 years versus 1 year 19 2.7 (1.3–5.5) –1.4 ± 2.6* 31.6 57.9 10.5 0.0

Endocrine therapy only

W5 years versus dx 41 4.0 (1.4–6.0) 0.9 ± 5.0 17.1 29.3 36.6 17.1

W1 year versus dx 33 0.9 (0.3–1.2) 1.4 ± 4.2 18.2 36.4 21.2 24.2

W5 years versus 1 year 27 3.6 (1.7–5.6) 0.0 ± 2.7 29.6 37.0 29.6 3.7

Combined systemic treatment

W5 years versus dx 64 3.3 (1.3–6.0) 4.7 ± 6.3a,* 10.9 18.8 23.4 46.9

W1 year versus dx 67 1.0 (0.3–1.3) 2.6 ± 6.0* 21.2 22.7 27.3 28.8

W5 years versus 1 year 58 3.3 (1.3–6.0) 2.2 ± 5.3b,* 10.3 39.7 19.0 31.0

Wdx = body weight at diagnosis, W1 year = approximation of weight one year after diagnosis, last measured weight between 3 and 15 months

after diagnosis, and W5 years = approximation of weight at 5 years after diagnosis, last measured weight between 15 months and 6 years after

diagnosis.

Individuals were only included if body weights were available in both periods.
a,bBody weight change significantly different compared to all other treatment groups.

* Significantly different from zero (one-sample t-test).

Table 2 – Characteristics of the study population, by treatment group

No systemic treatment Chemotherapy only Endocrine therapy only Combined systemic
treatment

n = 79 n = 38 n = 67 n = 87

Age, years (mean ± SD) 56.5 ± 11.7a–c 48.4 ± 9.6a 61.6 ± 11.1a,b,d 46.9 ± 8.8d,c

Body weight, kg (mean ± SD) 71.6 ± 13.9 70.5 ± 11.5 70.1 ± 11.4 69.5 ± 13.8

Height, m (mean ± SD) 1.66 ± 0.07 1.68 ± 0.07 1.65 ± 0.06 1.68 ± 0.08

Menopausal status

Pre-menopausal, n (%) 31 (39.2) 25 (65.8) 11 (16.4) 60 (69)

Post-menopausal, n (%) 48 (60.8) 13 (34.2) 56 (83.6) 27 (31)

Body mass index

BMI, kg/m2 (mean ± SD) 26.1 ± 4.5 25.2 ± 3.8 25.9 ± 4.4 24.7 ± 4.4

<25, n (%) 32 (49.2) 19 (54.3) 26 (46.4) 43 (60.6)

25–30, n (%) 20 (30.8) 11 (31.4) 20 (35.7) 20 (28.2)

>30, n (%) 13 (20.0) 5 (14.3) 10 (17.9) 8 (11.3)

a–dFigures with same letter are significantly different (p < 0.01).

At diagnosis, data were missing on body weight in n = 27, height n = 22 and BMI n = 42.
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(4.7 ± 6.3 kg; p < 0.05; median follow-up: 3.3 years). No signifi-

cant body weight changes were observed in women who re-

ceived endocrine therapy only. Stratified analysis by

menopausal status showed that body weight gain was mostly

limited to pre-menopausal women in our study population

(Table 4). Changes in body weight did not markedly differ be-

tween normal weight and overweight/obese women and be-
tween smokers and non-smokers at diagnosis (data not

shown).

We conducted multi-level analyses to optimally use the

data on repeated body weight measurements and duration

of systemic treatment. The coefficients of the model includ-

ing age at diagnosis and the dummy variables for the 10-cat-

egory treatment variable are shown in Table 5. The (fixed)



Table 5 – Multi-level model

Diagnostic variable Body weight

Coefficient 95% Confidence interval

Intercept (at age 0 years) 64.10

Age at diagnosis (years) 0.12 0.00, 0.25

Body weight change per year of follow-up

Per year 1.05 0.50, 1.60

Per year2 –0.13 –0.21, –0.05

Chemotherapy only

During 0–6 months since starting chemotherapy –0.50 –1.15, 0.16

During 6–12 months since starting chemotherapy 0.75 –0.47, 1.96

During 12–24 months since starting chemotherapy 1.06 –0.46, 2.59

During >24 months since starting chemotherapy 0.30 –1.55, 2.15

Endocrine therapy only 0.01 –0.95, 0.96

Combined systemic treatment

During 0–6 months since starting chemotherapy 0.83 –0.46, 2.12

During 6–12 months since starting chemotherapy 1.17 0.13, 2.12

During 12–24 months since starting chemotherapy 1.26 0.12, 2.40

During >24 months since starting chemotherapy 2.53 0.99, 4.07

Table 4 – Body weight change in pre- and post-menopausal women

n Follow-up Change (kg) Body weight change (% of n)

Median (range) Mean ± SD Loss P 2 kg Stable ± 1 kg Gain 2–4 kg Gain P 5 kg

Pre-menopausal women

W5 years versus dx 82 3.5 (1.3–6.0) 3.9 ± 5.8a,* 13.4 25.6 18.3 42.7

W1 year versus dx 89 1.0 (0.3–1.2) 2.3 ± 5.3* 16.9 32.6 21.3 29.2

W5 years versus 1 year 68 3.1 (1.3–6.0) 1.3 ± 4.6b,* 17.6 38.2 20.6 23.5

Post-menopausal women

W5 years versus dx 91 3.3 (1.3–6.0) 1.1 ± 5.0a,* 17.6 32.9 31.9 17.6

W1 year versus dx 90 0.9 (0.3–1.3) 1.7 ± 4.4* 20.0 25.6 32.2 22.2

W5 years versus 1 year 68 3.0 (1.3–5.5) –0.4 ± 4.8b 27.9 48.6 16.1 7.4

W1 = body weight at diagnosis, W2 = approximation of weight one year after diagnosis, last measured weight between 3 and 15 months after

diagnosis, and W3 = approximation of weight at 5 years after diagnosis, last measured weight between 15 months and 6 years after diagnosis.

Individuals were only included if body weights were available in both periods.Menopausal status at diagnosis; if menopausal status was

missing, patients were categorised based on age (n = 103; i.e. post-menopausal if age at diagnosis P 51).a,bBody weight change significantly

different between pre and post-menopausal women.

* Significantly different from zero (one-sample t-test).
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time-dependent coefficients were estimated at 1.05 kg per

year (95% confidence interval (95% CI): 0.50–1.60) and –

0.13 kg per year squared (95% CI: –0.21 to –0.05). This reflects

a mean increase of 0.92 kg one year post-diagnosis (i.e.

1.05 * 1 minus 0.13 * 12), 1.58 kg after 2 years (i.e. 1.05 * 2 minus

0.13 * 22), 1.98 kg after 3 years (i.e. 1.05 * 3 minus 0.13 * 32) and

so on, in women who received no systemic therapy (see top

bar in Fig. 1). Weight gain was statistically significantly higher

in women who received combined systemic treatment from 6

months since starting chemotherapy onwards, as compared

with women who received no systemic therapy (coefficients;

at 6–12 months since starting chemotherapy: 1.17 kg, 95%

CI: 0.13–2.12; at 12–24 months since starting chemotherapy:

1.26 kg, 95% CI: 0.12–2.40 and at more than 24 months since

starting chemotherapy: 2.53 kg, 95% CI: 0.99–4.07). Fig. 1 illus-

trates the estimated body weight change for each treatment
group, based on the parameters presented in Table 5. After 5

years since diagnosis a 4.5 kg increase in body weight was ob-

served in women who received combined systemic therapy.

In concordance with the results of our descriptive analysis,

we did not find a significant body weight change in women

who received only endocrine therapy (Table 5). Including tu-

mour stage in the multi-level regression model did not result

in relevant changes to the other coefficients. The magnitude

of weight gain may differ by menopausal status, as suggested

by the results of our descriptive analyses. However, due to

multi-collinearity it was not possible to fit a model including

both age and menopausal status at diagnosis, as menopausal

status was directly derived from age in a substantial propor-

tion of the population. Exchanging age for menopausal status

in the model did not result in markedly different coefficients

or interpretation based on likelihood ratio tests.



1 yr 2 yr 5 yr

No systemic therapy

Overall weight change since diagnosis

Only chemotherapy

Only endocrine therapy

Combined systemic therapy

+0.92 kg +1.58 kg +2.00 kg

+2.09 kg

+0.93 kg

+1.67 kg

+2.84 kg +4.53 kg

+1.59 kg

+2.64 kg +2.30 kg

+2.01 kg

Fig. 1 – Schematic overview of overall weight change since breast cancer diagnosis for treatment-specific groups, based on

multi-level regression analysis.
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4. Discussion

In our study population, a mean post-diagnosis body weight

change of +2.4 kg was observed during a median follow-up

time of 3.5 years. The majority of women (55%) gained more

than 2 kg, 29% gained 5 kg or more. Body weight gain during

the first year after diagnosis was most prominent in women

who received chemotherapy, either with or without endocrine

therapy. Interestingly, we found that receiving combined sys-

temic treatment was strongly related to body weight gain dur-

ing longer follow-up.

Our study has several strengths and limitations with re-

gard to design and analysis. We used retrospective data from

medical records, and therefore could not control timing and

method of body weight measurements. Minor, random mea-

surement errors may have occurred due to the use of different

weighing scales, the lack of adequate calibration and to differ-

ences in time of the day at which patients were weighed and

type of clothing patients were wearing. All patients were reg-

ularly seen by the same radiation-oncologist, who measured

and recorded body weights at follow-up visits.

Another limitation of the current analysis is that we only

examined the changes in body weight based on the general

treatment categories without taking into account the type of

chemotherapy or endocrine therapy that was used. Consider-

ing the small numbers of patients in such treatment sub-

groups, we would have limited power to detect significant

differences. The mean duration of follow-up was 3.4 years
overall, and differed slightly among treatment groups, which

may have influenced our results. The shortest durations of

follow-up were observed in the chemotherapy only group,

and therefore the power to detect long-term effects of chemo-

therapy only on body weight in our population is limited. Our

multi-level regression model suggests that in the overall pop-

ulation some weight loss occurs beyond 5 years post-diagno-

sis. However, due to limited long-term follow-up

measurements (i.e. >5 years), power is strongly decreased

and the data are, therefore, not suitable to provide estimates

of weight change beyond 5 years. We selected our study pop-

ulation from the file of one radiation-oncologist, whereby we

only included patients who received radiotherapy. Hence, the

independent effects of radiation on body weight gain could

not be estimated.

Most previous studies examined body weight change in

breast cancer patients only during the first year after diagno-

sis.5,9,24,25 In addition, most studies were restricted to data on

body weight measurements at two time points.5,11,20,25,26

Goodwin et al. were among the first to report on weight gain

in relation to therapy in breast cancer patients (n = 535).5 Dur-

ing the first year after diagnosis, mean body weight change in

women who received chemotherapy, Tamoxifen only and no

systemic treatment was 2.5 kg (95% CI: 1.8–3.2), 1.3 kg (0.7–

1.8) and 0.6 kg (0.0–1.3), respectively. These body weight

changes are similar to our data during the first year after diag-

nosis. Goodwin et al. did not observe significant differences

between women who received only chemotherapy and those
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who received combined systemic treatment. Endocrine ther-

apy was also not statistically significantly associated with

weight gain at 1, 2 and 3 years post-diagnosis in a study of

185 breast cancer patients.27 In the large Women’s Healthy

Eating and Living (WHEL) study (n = 3088), body weight was

measured at baseline and years one through six.28 Chemo-

therapy was significantly associated with weight gain of

P5% body weight (OR = 1.65, 95% CI: 1.12–2.43), whereas

Tamoxifen was not (OR = 1.03, 95% CI: 0.71–1.51). Tamoxifen

also did not modify the effect of chemotherapy on weight

gain, which is in contrast to what our data suggest. We found

that body weight gain in the combined systemic treatment

group significantly increased with increasing follow-up time,

whereas this was not the case in the chemotherapy only

group. The currently available data suggest that post-diagno-

sis weight gain in breast cancer patients is a long-term effect.

This is confirmed by the findings in the WHEL study in which

only 10% of participants returned to their pre-cancer body

weight over the course of the study.28

The onset of menopause is often mentioned as a predictor

for post-diagnosis weight gain, especially in women receiving

chemotherapeutic agents.5,6 Our data indeed suggest that the

treatment groups in which most women were pre-meno-

pausal at diagnosis, i.e. those who received chemotherapy,

gained most body weight. Information on the timing of men-

opausal transition was not available, therefore, we were un-

able to examine the effect on body weight change during

the transition. Estradiol is known to reduce appetite, decrease

food intake, increase energy expenditure and reduce adipos-

ity,29–31 which may explain the increase in body weight and

fat mass observed with menopause. However, we would argue

that it is unlikely that the association between chemotherapy

and weight gain is entirely due to the endocrine effects of

menopausal transition. Based on the review of several obser-

vational studies, Simkin-Silverman and Wing conclude that

weight gain during menopausal transition is more strongly

associated with ageing than with menopause per se.32 In

the SWAN-study, an observational study of the menopausal

transition, change in the menopausal status was not associ-

ated independently with weight gain, whereas the decreased

physical activity was.33

The Netherlands is a country with a relatively low preva-

lence of obesity (i.e. 10% in adult women; BMI > 30) as com-

pared to many other western countries (e.g. England and

the US: 25% and 33% in women).34 Moreover, in a healthy pop-

ulation of midlife women from the Netherlands only about

10% of women gained P5% body weight in 1 year.35 Seen in

this light, the weight gain of more than 5 kg observed in

25% of breast cancer patients, and 40% of pre-menopausal

breast cancer patients, in our study is probably due to a com-

bination of factors. Besides (therapy-induced) menopausal

transition, this may include other metabolic effects of chemo-

therapy and endocrine therapy, and reductions in physical

activity. The decrease in physical activity after a cancer diag-

nosis may be due to the negative side-effects of chemother-

apy, including pain, fatigue and nausea, as well as due to

psychosocial factors. Indeed, in the HEAL cohort of 1.185

breast cancer survivors, levels of recreational physical activity

significantly decreased between diagnosis and 1 year after

diagnosis regardless of age at diagnosis.11
In conclusion, women diagnosed with primary breast can-

cer frequently gain body weight after diagnosis. Those who

received chemotherapeutic agents gained more body weight

during the first year after diagnosis than women who received

only endocrine therapy or no systemic treatment. Body

weight gain during longer follow-up was mainly observed in

women who received combined systemic treatment,

although we cannot be certain about long-term effects of only

chemotherapy, due to shorter follow-up in this group. This

study shows that body weight gain after breast cancer diagno-

sis also occurs in a relatively ‘non-obesogenic’ environment

like the Netherlands. We suggest rapid development of

weight management interventions for breast cancer patients

and survivors, and further studies to elucidate the effects of

combined systemic therapy on body weight and composition.

Conflict of interest statement

None declared.
Acknowledgement

We thank F.M.L. Sandkuijl for assistance in data collection

and entry.
R E F E R E N C E S
1. WHO Europe. The challenge of obesity in the WHO European
Region. WHO Europe 2005. <http://www.euro.who.int/>.

2. Calle EE, Kaaks R. Overweight, obesity and cancer:
epidemiological evidence and proposed mechanisms. Nat Rev
Cancer 2004;4:579–91.

3. Rock CL, Demark-Wahnefried W. Nutrition and survival after
the diagnosis of breast cancer: a review of the evidence. J Clin
Oncol 2002;20:3302–16.

4. Chlebowski RT, Aiello E, McTiernan A. Weight loss in breast
cancer patient management. J Clin Oncol 2002;20:1128–43.

5. Goodwin PJ, Ennis M, Pritchard KI, et al. Adjuvant treatment
and onset of menopause predict weight gain after breast
cancer diagnosis. J Clin Oncol 1999;17:120–9.

6. Demark-Wahnefried W, Winer EP, Rimer BK. Why women gain
weight with adjuvant chemotherapy for breast cancer. J Clin
Oncol 1993;11:1418–29.

7. Partridge AH, Burstein HJ, Winer EP. Side effects of
chemotherapy and combined chemohormonal therapy in
women with early-stage breast cancer. J Natl Cancer Inst
Monogr 2001:135–42.

8. Demark-Wahnefried W, Rimer BK, Winer EP. Weight gain in
women diagnosed with breast cancer. J Am Diet Assoc
1997;97:519–29.

9. Demark-Wahnefried W, Peterson BL, Winer EP, et al. Changes
in weight, body composition, and factors influencing energy
balance among premenopausal breast cancer patients
receiving adjuvant chemotherapy. J Clin Oncol 2001;19:2381–9.

10. McTiernan A. Obesity and cancer: the risks, science, and
potential management strategies. Oncology (Williston Park)
2005;19:871–81.

11. Irwin ML, Crumley D, McTiernan A, et al. Physical activity
levels before and after a diagnosis of breast carcinoma: the
health, eating, activity, and lifestyle (HEAL) study. Cancer
2003;97:1746–57.

http://www.euro.who.int/


126 E U R O P E A N J O U R N A L O F C A N C E R 4 5 ( 2 0 0 9 ) 1 1 9 – 1 2 6
12. Irwin ML, McTiernan A, Baumgartner RN, et al. Changes in
body fat and weight after a breast cancer diagnosis: influence
of demographic, prognostic, and lifestyle factors. J Clin Oncol
2005;23:774–82.

13. Demark-Wahnefried W, Hars V, Conaway MR, et al. Reduced
rates of metabolism and decreased physical activity in breast
cancer patients receiving adjuvant chemotherapy. Am J Clin
Nutr 1997;65:1495–501.

14. Del Rio G, Zironi S, Valeriani L, et al. Weight gain in women
with breast cancer treated with adjuvant cyclophosphomide,
methotrexate and 5-fluorouracil. Analysis of resting energy
expenditure and body composition. Breast Cancer Res Treat
2002;73:267–73.

15. Harvie MN, Campbell IT, Baildam A, Howell A. Energy balance
in early breast cancer patients receiving adjuvant
chemotherapy. Breast Cancer Res Treat 2004;83:201–10.

16. 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.

17. Hoskin PJ, Ashley S, Yarnold JR. Weight gain after primary
surgery for breast cancer – effect of tamoxifen. Breast Cancer
Res Treat 1992;22:129–32.

18. Kroenke CH, Chen WY, Rosner B, Holmes MD. Weight, weight
gain, and survival after breast cancer diagnosis. J Clin Oncol
2005;23:1370–8.

19. Day R, Ganz PA, Costantino JP, Cronin WM, Wickerham DL,
Fisher B. Health-related quality of life and tamoxifen in breast
cancer prevention: a report from the National Surgical
Adjuvant Breast and Bowel Project P-1 Study. J Clin Oncol
1999;17:2659–69.

20. Caan BJ, Emond JA, Natarajan L, et al. Post-diagnosis weight
gain and breast cancer recurrence in women with early stage
breast cancer. Breast Cancer Res Treat 2006;99:47–57.

21. Demark-Wahnefried W, Aziz NM, Rowland JH, Pinto BM.
Riding the crest of the teachable moment: promoting long-
term health after the diagnosis of cancer. J Clin Oncol
2005;23:5814–30.

22. Herman DR, Ganz PA, Petersen L, Greendale GA. Obesity and
cardiovascular risk factors in younger breast cancer survivors:
The Cancer and Menopause Study (CAMS). Breast Cancer Res
Treat 2005;93:13–23.
23. Trentham-Dietz A, Newcomb PA, Nichols HB, Hampton JM.
Breast cancer risk factors and second primary malignancies
among women with breast cancer. Breast Cancer Res Treat
2007;105:195–207.

24. Freedman RJ, Aziz N, Albanes D, et al. Weight and body
composition changes during and after adjuvant
chemotherapy in women with breast cancer. J Clin Endocrinol
Metab 2004;89:2248–53.

25. Kumar N, Allen KA, Riccardi D, et al. Fatigue, weight gain,
lethargy and amenorrhea in breast cancer patients on
chemotherapy: is subclinical hypothyroidism the culprit?
Breast Cancer Res Treat 2004;83:149–59.

26. Levine EG, Raczynski JM, Carpenter JT. Weight gain with
breast cancer adjuvant treatment. Cancer 1991;67:
1954–9.

27. Makari-Judson G, Judson CH, Mertens WC. Longitudinal
patterns of weight gain after breast cancer diagnosis:
observations beyond the first year. Breast J 2007;13:258–65.

28. Saquib N, Flatt SW, Natarajan L, et al. Weight gain and
recovery of pre-cancer weight after breast cancer treatments:
evidence from the women’s healthy eating and living (WHEL)
study. Breast Cancer Res Treat 2007;105:177–86.

29. Gao Q, Mezei G, Nie Y, et al. Anorectic estrogen mimics
leptin’s effect on the rewiring of melanocortin cells and Stat3
signaling in obese animals. Nat Med 2007;13:89–94.

30. Coll AP, Farooqi IS, O’Rahilly S. The hormonal control of food
intake. Cell 2007;129:251–62.

31. Wade GN, Gray JM, Bartness TJ. Gonadal influences on
adiposity. Int J Obesity 1985;9(Suppl 1):83–92.

32. Simkin-Silverman LR, Wing RR. Weight gain during
menopause. Is it inevitable or can it be prevented? Postgrad
Med 2000;108:47–56.

33. Sternfeld B, Wang H, Quesenberry Jr CP, et al. Physical activity
and changes in weight and waist circumference in midlife
women: findings from the Study of Women’s Health across
the Nation. Am J Epidemiol 2004;160:912–22.

34. International Obesity Task Force. Global prevalence of adult
obesity; 2008. <http://www.iotf.org/database/>.

35. Maru S, van der Schouw YT, Gimbrere CH, Grobbee DE,
Peeters PH. Body mass index and short-term weight change in
relation to mortality in Dutch women after age 50 years. Am J
Clin Nutr 2004;80:231–6.

http://www.iotf.org/database/

	The frequency, magnitude and timing of post-diagnosis body weight gain in Dutch breast cancer survivors
	Introduction
	Patients and methods
	Study population
	Data collection
	Data analyses

	Results
	Discussion
	Conflict of interest statement
	Acknowledgement
	References


