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Abstract

Purpose This study investigates weight trajectories in pre-

versus postmenopausal breast cancer (BC) survivors diag-

nosed with hormone receptor-positive tumors, with a

specific focus on discerning menopausal status and type of

endocrine treatment (ET) as risk factors for weight gain

during ET.

Methods We conducted a retrospective review of elec-

tronic medical records. Descriptive statistics and Chi-

squared and t tests were used to compare pre- and post-

menopausal women. Chi-squared tests and ANOVA were

used for within-group associations between patient char-

acteristics and weight trajectories. Log-binomial regression

models were used to estimate relative risk for weight gain.

Results The final sample was 32% premenopausal

(n = 140) and 68% postmenopausal (n = 298). Relative

risk (RR) for weight gain during ET was highest in women

who were premenopausal (RR = 1.29, 1.03–1.52) and had

Stage 3 BC (RR = 2.12, 1.59–2.82), mastectomy

(RR = 1.49, 1.19–1.88), axillary node dissection

(RR = 1.39, 1.11–1.73), and chemotherapy (RR = 1.80,

1.37–2.36). For each kg of weight gained between BC

diagnosis and start of ET, and for each additional year of

age, RR of gaining weight during ET decreased

(RR = 0.98, 0.97–0.99, and RR = 0.99, 0.98–0.99,

respectively). Menopausal status and type of ET were not

significant predictors of weight gain. In multivariable

analysis, only weight loss between BC diagnosis and start

of ET was significant.

Conclusion The association of weight loss prior to ET and

subsequent substantial weight gain during ET warrants

further investigation.
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Introduction

Hormone receptor-positive (HR?) and Human Epidermal

Growth Factor Receptor 2-negative (HER2-) tumors

comprise about 70% of breast cancer (BC) subtypes diag-

nosed in women in the United States and are the most

common subtype across all race/ethnicity groups [1–5].

The proportion of HR?/HER2- tumors is highest in non-

Hispanic white women and lowest in African American

women [6] and a higher proportion is seen in women

diagnosed when they are postmenopausal and older com-

pared to premenopausal and younger [7–9]. For both black

and non-black women, being overweight or obese is

associated with higher incidence of HR?/HER2- tumors

[10].
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Table 1 Comparison of pre- and postmenopausal study participant characteristics at breast cancer diagnosis (N = 438)

Variable Premenopausal N = 140

(32%)

Postmenopausal N = 298

(68%)

p value

Age at BC diagnosis 44 (6.6) 65 (8.6) \0.0001

Range 26–55 Range 43–92

Race: white 91 (66%) 226 (76%) 0.024

Married 79 (67%) 166 (64%) 0.558

Employed 89 (77%) 108 (44%) \0.0001

Body mass index at BC diagnosis, mean (standard deviation/SD) 27 (5.8) 29 (6.7) 0.003

Range 18–46 Range 19–59

Body mass index

Normal (18.5 to\25) 54 (40%) 94 (33%) 0.237

Obese (25 to\30) 39 (29%) 78 (28%)

Obese I (30 to\35) 28 (21%) 59 (21%)

Obese II (35 and above) 15 (11%) 52 (18%)

BC Stage

0 0% 5 (2%) \0.0001

I 22 (16%) 127 (44%)

II 69 (49%) 107 (37%)

III 49 (35%) 51 (18%)

BC Grade

1 17 (13%) 77 (27%) 0.008

2 64 (50%) 122 (43%)

3 46 (36%) 83 (29%)

Tumor size, mean (SD) 3.9 (3.0) 2.4 (1.9) \0.0001

Range 0.40–20.0 Range 0.08–14.0

Surgery

Lumpectomy 48 (34%) 168 (57%) \0.0001

Mastectomy 92 (66%) 127 (43%)

Axillary surgery

Axillary dissection 63 (46%) 90 (32%) 0.005

Sentinel biopsy 73 (54%) 190 (68%)

Chemotherapy

None 16 (11%) 152 (51%) \0.0001

Neoadjuvant 89 (64%) 74 (25%)

Adjuvant 35 (25%) 72 (24%)

Chemotherapy

No 16 (11%) 152 (51%) \0.0001

Yes 124 (89%) 146 (49%)

Radiation treatment 112 (80%) 201 (67%) 0.007

Endocrine treatment

Tamoxifen only 110 (84%) 41 (14%) \0.0001

Exemestane 0% 8 (3%)

Anastrozole only *7 (5%) 112 (38%)

Letrozole only *5 (4%) 57 (19%)

Combination of aromatase inhibitors 1 (1%) 40 (13%)

Combination of tamoxifen and aromatase inhibitor 8 (6%) 40 (13%)

Some women were premenopausal at BC diagnosis but became postmenopausal prior to ET start 
Note Percentages may not add exactly to 100% due to rounding
ET endocrine treatment, BC breast cancer



Most HR?/HER2- tumors are detected at an early,

highly curable stage [11, 12], and adjuvant endocrine

treatment (ET) is generally recommended for 5 years and

potentially up to 10 years [13–16]. For women diagnosed

when they are postmenopausal, adjuvant ET generally

includes an aromatase inhibitor (AI) (anastrozole, letro-

zole, or exemestane), unless counter-indicated by bone

health concerns [14, 17]. For women diagnosed when they

are premenopausal, tamoxifen or AI plus ovarian sup-

pression (OS) is recommended, unless counter-indicated by

other side effect concerns [17, 18]. Women who transition

from premenopausal to postmenopausal during BC treat-

ment are often switched from tamoxifen to AI.

Weight gain post diagnosis is a common occurrence in

breast cancer survivors [19–22], for reasons that include

clinical, sociodemographic, and lifestyle factors [23–25].

In studies of HR? breast cancer survivors conducted in the

U.S. and other Western countries (comparable diet and

sedentary behavior), some studies have identified ET as a

risk factor for weight gain [26, 27] while others report no

effect of ET [28–32], and still other studies report more

gain with tamoxifen compared to AI [33], less gain [34] or

no difference between tamoxifen and AI [35]. Similarly,

some studies have reported greater weight gain in HR-

positive BC survivors who were diagnosed when they were

premenopausal or whose menopausal status changed dur-

ing BC treatment [19, 33, 36, 37] or that there were no

weight gain differences between pre- and postmenopausal

BC survivors [24, 38]; either way, the finding was that

menopausal status itself was a risk factor in weight tra-

jectories. In an analysis of postmenopausal BC survivors,

our research team found that a majority of women did not

gain weight during the first two years of ET and that there

were no weight trajectory differences by type of ET [39].

Building on the literature to date [40], the research

question for our current study was the identification of

differences between pre- and postmenopausal BC survivors

that might provide further insights into reasons for similar

or divergent weight trajectories during ET. We conducted a

retrospective chart review of women diagnosed with early-

stage BC, with a specific focus on the early years from

diagnosis through the first two years of ET. We limited our

review to these early years post diagnosis because women

generally have frequent BC clinic visits to monitor ET

adherence and side effects, and nursing staff commonly

assess patient weight during these visits. If weight gain or

weight loss is of concern to the patient or oncology pro-

vider, these visits provide an opportunity to monitor weight

trajectories. The specific aims of our study were to (1)

describe weight trajectories in premenopausal as compared

postmenopausal women and (2) identify patient charac-

teristics associated with weight gain above baseline weight

at BC diagnosis, with particular attention to menopausal

status and type of ET as potential risk factors.

Methods

Data were gathered through a retrospective review of the

electronic medical records (EMR) for women seen con-

secutively in BC clinics within a university-affiliated can-

cer hospital (71% of the sample) and from a list of

participants in the Neoadjuvant Database at the University

of North Carolina (UNC) Lineberger Comprehensive

Cancer Center (29% of the sample). In the full sample of

study participants, only 8% were diagnosed between 1992

and 2004, when BC chemotherapy was still largely

anthracycline based [41]. An additional 21% were diag-

nosed between 2005 and 2009, and the majority (71%)

were diagnosed between 2010 and 2014—all within the era

of newer taxane-based chemotherapy regimens [41]. For

inclusion in the study, women had to be diagnosed with

Stage 0£3 HR-positive BC and on adjuvant ET for at least

2 years. Clinician notes were reviewed for evidence of ET

adherence; women were excluded when notes revealed

suboptimal ET adherence or discontinuation. Inclusion in

the study also required weight data in the EMR—height

and weight measures routinely assessed by nursing staff

during clinic visits (not self-reported by patients)—from

BC diagnosis through the first two years of ET.

Menopausal status was identified from clinician notes

when the patient’s treatment plan was determined and

again at the initiation of ET. To ensure that weight tra-

jectories were not influenced by disease progression [42],

women whose BC had recurred or metastasized within the

timeframe of our study were excluded. Women were also

excluded from the study if there was evidence of non-

cancer comorbidities or disabilities described in the clini-

cian notes as poorly controlled or impairing mobility. Our

concern was that these circumstances could affect a

patient’s ability to exercise and thereby have an indepen-

dent effect on weight changes [43, 44]. Decisions regarding

inclusion or exclusion of women from the study were

discussed and determined by three authors (KAN, SSS, and

JTL).

Measures

Participant characteristics selected for inclusion in the

chart review were determined in advance of data extrac-

tion, based on the hypothesized potential association of

each variable with weight trajectories. For weight and BMI

calculations, time points of interest were (a) from baseline

to end of 2 years of ET, (b) from baseline to start of ET,

and (c) from start of ET until the end of 2 years of ET. For





each timeline, trajectories were categorized as (a) \2kg

weight loss, (b) stable weight within 2 kg, and (c)[2 kg

weight gain. Further details regarding our data extraction,

study participants, variables, and methods for ensuring the

best practice in retrospective chart review [45] have been

published elsewhere [39]. The UNC Institutional Review

Board approved this study.

Statistical considerations

Descriptive statistics are reported and Chi-squared and t

tests were used to compare premenopausal and post-

menopausal study participants. Within each group, asso-

ciations between patient characteristics and weight changes

during ET ([2 kg weight loss, stable weight, and [2 kg

weight gain) were evaluated using Chi-squared tests and

ANOVA. For the full sample, univariable log-binomial

regression models were used to estimate the relative risk of

[2 kg weight gain as compared to stable weight/[2 kg

weight loss. A multivariable log-binomial regression model

was fit to evaluate the difference in risk based on meno-

pausal status, controlling for variables identified as sig-

nificant in univariable analysis. All analyses were

conducted using SAS Version 9.3 (Cary NC).

Results

Baseline study participant characteristics

Table 1 presents an overview of study participant charac-

teristics at BC diagnosis. Our final sample included 438 BC

survivors, of which 32% were premenopausal (mean age

44) and 68% were postmenopausal (mean age 65)

(p\ 0.0001) at BC diagnosis and p values underscore

significant differences between the two groups. The pre-

menopausal sample includes more non-white women

(p = 0.024) and women who were employed at BC diag-

nosis (p\ 0.0001). Postmenopausal survivors had higher

mean BMI at diagnosis (p = 0.003). The proportion of

women who were overweight (BMI 25 to\30) or obese

(BMI 30 or higher) at diagnosis was similar between pre-

menopausal (61%) and postmenopausal women (67%)

(p = 0.237). None of the women in our sample were

underweight at BC diagnosis (BMI\ 18.5). On average,

premenopausal BC survivors had higher stage

(p\ 0.0001), higher grade (p = 0.008), larger tumor size

(p\ 0.0001), and more progesterone receptor (PR)-posi-

tive (p = 0.021) tumors. They also had a higher proportion

of mastectomies (p\ 0.0001), axillary node dissection

surgery (p = 0.005), neoadjuvant chemotherapy

(p\ 0.0001), and radiation treatment (p = 0.007). A

higher proportion of postmenopausal women received no

chemotherapy (p\ .0001).

Unadjusted univariable analysis: weight change

within the first two years of endocrine treatment

Figure 1a illustrates overall weight changes for the entire

study period, from BC diagnosis (baseline) through 2 years

of ET. Thirty-eight percent of premenopausal women had a

net weight gain of 4 kg or more above their weight at BC

diagnosis compared to 15% of postmenopausal women.

Table 2 (Fig. 1b) presents the findings regarding unad-

justed univariable associations between participant char-

acteristics and three weight categories at 2 years of ET,

stratified by menopausal status. Most women in our sample

had stable weight or lost weight during ET; however, 49%

of premenopausal and 38% of postmenopausal women

gained [2 kg (p = 0.07). In postmenopausal women,

higher weight and BMI at BC diagnosis were associated

with [2 kg weight loss during ET (p = 0.0002 and

p = 0.001, respectively). Postmenopausal women who

were obese II at BC diagnosis were most likely to lose

[2 kg during ET, while women who were overweight or

obese I at diagnosis tended to gain [2 kg during ET

(p = 0.008). In sub-analysis, we found no significant dif-

ferences in weight trajectories during ET between women

who remained premenopausal throughout the study period

(77%) and those who became postmenopausal (23%)

(p = 0.43) within the study period.

For both pre- and postmenopausal women, patient

characteristics significantly associated with[2 kg weight

gain during ET were higher tumor stage, larger tumor size,

and receipt of neoadjuvant chemotherapy. In pre-

menopausal women, younger age was associated with

weight loss during ET (p = 0.035), while younger age in

postmenopausal women was associated with weight gain

(p = 0.028). In postmenopausal women only, [2 kg

weight gain was associated with having a mastectomy

(p = 0.034) and axillary dissection surgery (p\ 0.001). In

both pre- and postmenopausal women, there were no sig-

nificant differences in weight trajectories by type of ET. In

a sub-analysis of all study participants on tamoxifen, 47%

of premenopausal and 34% of postmenopausal women

gained[2 kg during ET (p = 0.068).

In both pre- and postmenopausal women, substantial

weight loss between BC diagnosis and start of ET was

associated with[2 kg weight gain during two years of ET

bFig. 1 a Net weight changes from BC diagnosis through 2 years of

ET. b Net weight changes from start of ET through 2 years of ET.

c Net weight changes from BC diagnosis through 2 years of ET,

subset of women who lost the most weight between BC diagnosis and

start of ET



Table 2 Weight change categories within 2 years of endocrine treatment in premenopausal and postmenopausal women diagnosed with breast

cancer (separate p values)—unadjusted univariable analysis

Variable [2 kg weight loss during ET Stable weight during ET [2 kg weight gain during ET p value*

Menopausal Status, N and %

Premenopausal (N = 140) 35 (25%) 36 (26%) 69 (49%) 0.071**

Postmenopausal (N = 298) 81 (27%) 103 (35%) 114 (38%)

Weight at start of ET (kg), mean (SD)

Premenopausal 77.7 (14.2) 71.3 (14.3) 71.9 (15.8) 0.125

Range 51.7–103.2 Range 50.3–103.1 Range 46.8–117.8

Postmenopausal 84.0 (21.3) 73.3 (17.0) 75.2 (15.4) 0.0001

Range 46.8–149.0 Range 42.7–124.5 Range 42.3–120.9

BMI at BC diagnosis, mean (SD)

Premenopausal 27.5 (5.7) 26.1 (5.1) 27.8 (6.2) 0.366

Range 19.1–41.6 Range 18.6–37.9 Range 18.9–45.9

Postmenopausal 31.6 (7.6) 27.5 (6.0) 29.4 (6.1) 0.0002

Range 20.9–58.6 Range 18.6–47.2 Range 19.3–45.7

BMI category at BC diagnosis

Premenopausal

Normal (18.5 to\25) 12 (22%) 17 (32%) 25 (46%) 0.829

Overweight (25 to\30) 8 (21%) 9 (23%) 22 (56%)

Obese I (30 to\35) 9 (32%) 6 (21%) 13 (46%)

Obese II (35?) 4 (27%) 3 (20%) 8 (53%)

Postmenopausal

Normal (18.5 to\ 25) 20 (21%) 41 (44%) 33 (35%) 0.008

Overweight (25 to\ 30) 22 (28%) 23 (30%) 33 (42%)

Obese I (30 to\ 35) 12 (20%) 23 (39%) 24 (41%)

Obese II (35 ?) 24 (46%) 9 (17%) 19 (37%)

Weight change: BC diagnosis to ET start (kg), mean (SD)

Premenopausal 2.8 (5.2) 0.23 (4.9) -2.0 (4.6) \0.0001

Range -6.5 to 17.4 Range -17.4 to 7.1 Range -13.8 to 9.9

Postmenopausal 0.12 (3.0) -0.57 (3.1) -2.9 (4.9) \0.0001

Range -7.2 to 9.4 Range -15.7 to 13.2 Range -19.9 to 6.5

Years from BC diagnosis to start of ET, mean (SD)

Premenopausal 0.6 (.3) 0.6 (.2) 0.6 (.2) 0.333

Range -0.05 to 1.4 Range .11–1.05 Range 0.04 to 1.1

Postmenopausal 0.41 (0.4) 0.44 (0.3) 0.49 (0.3) 0.199

Range -0.22 to 3.25 Range 0–1.557 Range -0.85 to 1.16

Age at BC diagnosis, mean (SD)

Premenopausal 42 (6.7) 46 (5.9) 44 (6.6) 0.035

Range 30–52 Range 30–55 Range 26–55

Postmenopausal 65 (9.4) 66 (8.8) 63 (7.6) 0.028

Range 43–86 Range 50–92 Range 45–84

Race

Premenopausal

Non-white 11 (23%) 11 (23%) 26 (54%) 0.741

White 24 (26%) 24 (26%) 43 (48%)

Postmenopausal

Non-white 23 (32%) 26 (36%) 23 (32%) 0.397

White 58 (26%) 77 (34%) 91 (40%)

Married at BC diagnosis

Premenopausal 24 (30%) 20 (25%) 35 (45%) 0.858



Table 2 continued

Variable [2 kg weight loss during ET Stable weight during ET [2 kg weight gain during ET p value*

Postmenopausal 41 (25%) 54 (33%) 71 (43%) 0.067

Employed at BC diagnosis

Premenopausal 19 (21%) 28 (32%) 42 (47%) 0.129

Postmenopausal 30 (28%) 36 (33%) 42 (39%) 0.932

BC Stage

Premenopausal

0 0% 0% 0% 0.003

1 10 (46%) 5 (23%) 7 (32%)

2 17 (25%) 24 (35%) 28 (41%)

3 8 (16%) 7 (14%) 34 (69%)

Postmenopausal

0 3 (60%) 1 (20%) 1 (20%) 0.002

1 46 (36%) 43 (34%) 38 (30%)

2 26 (24%) 37 (35%) 44 (41%)

3 5 (10%) 16 (31%) 30 (59%)

BC Grade

Premenopausal

1 3 (18%) 5 (29%) 9 (53%) 0.880

2 15 (23%) 18 (28%) 31 (49%)

3 13 (28%) 10 (22%) 23 (50%)

Postmenopausal

1 27 (35%) 24 (31%) 26 (34%) 0.277

2 35 (29%) 41 (34%) 46 (38%)

3 16 (19%) 32 (39%) 35 (42%)

Tumor size, mean (SD)

Premenopausal 3.3 (2.4) 3.1 (2.4) 4.7 (3.4) 0.016

Range 0.40–9.0 Range 0.40–13.0 Range 0.40–20.0

Postmenopausal 1.9 (1.4) 2.4 (2.0) 2.8 (1.9) 0.003

Range 0.08–8.0) Range 0.10–14) Range 0.12–11)

Breast surgery

Premenopausal

Lumpectomy 14 (29%) 16 (33%) 18 (38%) 0.122

Mastectomy 21 (23%) 20 (22%) 51 (55%)

Premenopausal

Lumpectomy 54 (32%) 60 (36%) 54 (32%) 0.034

Mastectomy 27 (21%) 42 (33%) 58 (46%)

Axillary surgery

Premenopausal

Axillary dissection 16 (25%) 17 (27%) 30 (48%) 0.981

Sentinel biopsy 18 (25%) 19 (26%) 36 (49%)

Premenopausal

Axillary dissection 10 (11%) 31 (34%) 49 (54%) \0.0001

Sentinel biopsy 65 (34%) 63 (33%) 62 (33%)

Chemotherapy

Premenopausal

No chemotherapy 4 (25%) 6 (38%) 6 (38%) 0.019

Adjuvant chemo. 14 (40%) 11 (31%) 10 (29%)

Neoadjuvant chemo. 17 (19%) 19 (21%) 53 (60%)



chemotherapy in general (p\ 0.0001) and neoadjuvant

chemotherapy specifically (p\ 0.0001). In this sub-anal-

ysis, 50% of premenopausal and 41% of postmenopausal

women had 4 kg or more net gain above their baseline

weight at BC diagnosis (Fig. 1c).

Table 2 continued

Variable [2 kg weight loss during ET Stable weight during ET [2 kg weight gain during ET p value*

Postmenopausal

No chemotherapy 54 (36%) 57 (38%) 41 (27%) \0.0001

Adjuvant chemo. 21 (29%) 23 (32%) 28 (39%)

Neoadjuvant chemo. 6 (8%) 23 (31%) 45 (61%)

Chemotherapy

Premenopausal

No 4 (25%) 6 (38%) 6 (38%) 0.476

Yes 31 (25%) 30 (24%) 63 (51%)

Postmenopausal

No 54 (36%) 57 (38%) 41 (27%) \0.0001

Yes 27 (19%) 46 (32%) 73 (50%)

Radiation

Premenopausal

No 8 (29%) 6 (21%) 14 (50%) 0.806

Yes 27 (24%) 30 (27%) 55 (49%)

Postmenopausal

No 30 (31%) 35 (36%) 32 (33%) 0.391

Yes 51 (25%) 68 (34%) 82 (41%)

Type of ET

Premenopausal

Tamoxifen 31 (28%) 27 (25%) 52 (47%) 0.601

Exemestane only 0% 0% 0%

Anastrozole onlya 1 (14%) 3 (43%) 3 (43%)

Letrozole onlya 2 (40%) 2 (40%) 1 (20%)

Combination of AIs 0% 1 (100%) 0%

Tamoxifen plus AI 1 (13%) 3 (38%) 4 (50%)

Postmenopausal

Tamoxifen 9 (22%) 18 (44%) 14 (34%) 0.143

Exemestane only 3 (38%) 0% 5 (63%)

Anastrozole only 36 (32%) 36 (32%) 40 (36%)

Letrozole only 10 (18%) 21 (37%) 26 (46%)

Combination of AIs 9 (23%) 12 (30%) 19 (48%)

Tamoxifen plus AI 14 (35%) 16 (40%) 10 (25%)

Note Percentages may not add exactly to 100% due to rounding

BMI body mass index, BC breast cancer, ET endocrine treatment, kg kilogram

*p values are within group (stratification by menopausal status) unless otherwise indicated

**p value compares pre- with postmenopausal women
aSome women were premenopausal at BC diagnosis but became postmenopausal prior to ET start

(p \ 0.0001). To explore this finding, we conducted a sub-
analysis and found that women who lost[2 kg prior to ET, 
compared to the remainder of the sample, were less likely 
to be white (p = 0.016), had higher BMI at diagnosis 
(p \ 0.0001), longer time period from BC diagnosis to ET 
start (p \ 0.0001), higher BC stage (p = 0.002), more 
likely to receive mastectomy (p = 0.006) and axillary 
surgery (p = 0.003), and more likely to receive



Relative Risk for >2 kg weight gain during ET

Relative risks (RR) for [2 kg weight gain during ET

(versus stable weight and[2 kg weight loss) were calcu-

lated for the full sample of pre- and postmenopausal

women combined. In unadjusted univariate analysis

(Table 3), women who were premenopausal had increased

risk of weight gain (RR = 1.29, 1.03–1.52). For each kg of

weight gained between BC diagnosis and start of ET, and

for each additional year of age, the relative risk of gaining

weight during ET decreased (RR = 0.98, 0.97–0.99, and

RR = 0.99, 0.98–0.99, respectively). Patients with Stage 3

Table 3 Combined pre- and postmenopausal patients’ (full sample) relative risk for greater than 2 kg weight gain within 2 years of endocrine

treatment; unadjusted univariate analysis

Variable Relative Risk (95% CI) Univariate p value

Menopausal status (postmenopausal is referent)

Premenopausal (N = 298) 1.29 (1.03,1.52) 0.025

BMI at BC diagnosis (Normal weight is referent)

Overweight 1.20 (0.91,1.58) 0.200

Obese I 1.09 (0.79,1.49) 0.612

Obese II 1.03 (0.72, 1.46) 0.887

Weight change between BC diagnosis and start of ET (1-kg increments) 0.98 (0.97,0.99) \0.0001

Weight at start of ET (1-kg increments) 0.99 (0.99,1.00) 0.087

Age at BC diagnosis (1-year increments) 0.99 (0.98, 0.99) 0.001

Race (non-white is referent)

White 1.04 (0.81,1.33) 0.787

Marital status (not married is referent)

Married 1.28 (0.97,1.69) 0.083

Employment status (not employed is referent)

Currently employed 1.05 (0.82,1.35) 0.681

BC stage (Stage 1 is referent)

Stage 0 0.66 (0.11, 3.89) 0.648

Stage 2 1.35 (1.00, 1.83) 0.049

Stage 3 2.12 (1.59, 2.82) \0.0001

BC grade (Grade 1 is referent)

Grade 2 1.11 (0.81, 1.52) 0.507

Grade 3 1.21 (0.87, 1.67) 0.255

Breast surgery (lumpectomy is referent)

Mastectomy 1.49 (1.19,1.88) 0.0007

Lymph surgery (sentinel is referent)

Axillary 1.39 (1.11,1.73) 0.004

Chemotherapy (no chemotherapy is referent)

Adjuvant 1.27 (0.89,1.81) 0.184

Neoadjuvant 2.15 (1.64,2.82) \0.0001

Chemotherapy (no chemotherapy is referent)

Yes 1.80 (1.37, 2.36) \0.0001

Radiation (no is referent)

Yes 1.19 (0.92,1.55) 0.194

Endocrine treatment drug (tamoxifen is referent)

Anastrozole 0.83 (0.61,1.12) 0.213

Exemestane 1.43 (0.81,2.52) 0.216

Letrozole 1.00 (0.71,1.39) 0.983

Combination of AIs 1.06 (0.73,1.54) 0.760

Tamoxifen plus AI 0.67 (0.41,1.07) 0.096



As in the general population of women diagnosed with

BC, the premenopausal women in our sample had on

average higher BC severity (stage, grade, tumor size) and

more extensive treatment (higher proportion of mastec-

tomies, axillary node dissection, neoadjuvant chemother-

apy, and radiation treatment). This finding reflects the

larger literature regarding higher risk for more advanced

disease in younger as compared to older breast cancer

patients [46, 47]. In unadjusted univariate analysis, relative

risks for weight gain were highest in premenopausal and

younger women but also in all women (pre- and post-

menopausal) with higher BC stage and having a mastec-

tomy, axillary surgery, and neoadjuvant chemotherapy, and

experiencing the most weight loss between BC diagnosis

and start of ET. We did not assess whether any specific

type of ET was associated with weight gain. In multivari-

able analysis, however, the only variable that remained

independently significant was substantial weight loss prior

to start of ET.

This finding warranted further investigation through a

sub-analysis of women who lost the most weight between

BC diagnosis and start of ET. We found that a substantial

proportion (58–63%) of women in this subsample regained

their baseline weight but then gained well beyond that

baseline. Again, we noted a pattern of higher BC severity

and more extensive treatment in this subgroup of women.

To understand this dynamic, future research should

prospectively follow women from BC diagnosis through

2 years of ET and include longitudinal data on eating

habits, physical activity, and patient-reported outcomes

such as stress, anxiety, fatigue, and social support. Future

research should also aim to clarify why these women are at

the greatest risk for substantial weight gain during ET.

Table 4 Relative risk for greater than 2 kg weight gain within 2 years of endocrine treatment; multivariate analysis

Variable Relative Risk (95% CI) Multivariate p value

Menopausal status (postmenopausal is referent)

Premenopausal 0.97 (0.83, 1.13) 0.687

Weight change between BC diagnosis and start of ET (1-kg increments) 0.98 (0.98, 0.99) \0.0001

Age at BC diagnosis (1-year increments) 1.00 (0.99, 1.00) 0.279

BC stage 1.07 (0.97, 1.17) 0.163

Breast surgery (lumpectomy is referent)

Mastectomy 1.04 (0.92, 1.17) 0.526

Lymph surgery (sentinel is referent)

Axillary 0.99 (0.88, 1.12) 0.885

Chemotherapy (no chemotherapy is referent)

Yes 1.02 (0.87, 1.20) 0.795

Limited to variables that were significant in unadjusted univariate analysis

cancer had significantly increased risk for weight gain 
compared to those with Stage 0 cancer (RR = 2.12, 
1.59–2.82). Patients who had a mastectomy (RR = 1.49, 
1.19–1.88), those who had axillary node dissection 
(RR = 1.39, 1.11–1.73), and those who had chemotherapy 
(RR = 1.80, 1.37–2.36) all had increased risk of weight 
gain. There were no significant differences in relative risk 
for weight gain by type of ET.

In multivariable analysis (Table 4), adjusting for age at 
diagnosis, weight change from diagnosis to start of ET, BC 
stage, BC surgery, lymph node surgery, and chemotherapy 
yes/no, the previously noted difference by menopausal 
status did not persist (p = 0.69). The only variable that 
remained independently predictive of weight gain during 
ET was weight loss from diagnosis to start of ET 
(p \ 0.0001).

Discussion and conclusions

This study builds on our prior research describing weight 
trajectories during ET [39], with the current study aiming 
to provide further insights into menopausal status as a 
potential risk factor for weight gain in BC survivorship. 
Our data show considerable weight fluctuations during 
three time points of interest: (1) from BC diagnosis through 
2 years of ET, (2) from BC diagnosis through the start of 
ET, and (3) from the start of ET through 2 years of ET. Our 
finding that 38% of premenopausal women and 15% of 
postmenopausal women experienced a net weight gain of 
4 kg or more above their baseline weight at BC diagnosis 
by the end of 2 years of ET illustrates the importance of 
this investigation.



To the extent that there is clinician interest in monitor-

ing significant weight gain during ET, our study suggests

focusing on both pre- and postmenopausal women who are

overweight or obese at BC diagnosis as well as women

whose more severe tumor type will require more extensive

treatment. In our sample, 28% of both premenopausal and

postmenopausal women were overweight at BC diagnosis,

and an additional 33% of premenopausal and 39% of

postmenopausal women were obese. Higher BMI is a

common finding among women diagnosed with BC, and

obesity is a known risk factor for BC in postmenopausal

women [48–50]. In early-stage BC, high BMI has also been

associated with larger tumor size [51, 52] and more

advanced disease [53, 54].

Weight gain after BC diagnosis is a further concern

because women who are overweight or obese at BC diag-

nosis may be at increased risk for obesity-related diseases,

complications and mortality, such as cardiovascular dis-

ease, diabetes, and other obesity-related cancers [10].

Furthermore, post-diagnosis weight gain may impact their

quality of life in survivorship. Weight gain can intensify

menopausal symptoms such as hot flashes [55, 56] and

clustering with other menopausal symptoms [57], raise

concerns about body appearance [58], reduce physical

function [59], precipitate poor sleep quality, increase fati-

gue [60], and increase fear of recurrence [61]. For women

on AI, there is the added concern that weight gain during

ET will exacerbate the common AI side effect of joint pain,

stiffness, or achiness (arthralgia) [62] and reduce their

engagement in physical activity [63].

Specifically with regard to women diagnosed with early-

stage HR ? tumors in U.S. or western countries, higher

BMI at diagnosis or post-diagnosis weight gain has also

been associated with worse prognosis and survival,

although the evidence in this regard is mixed. For example,

in a recent study comparing BC recurrence and survival by

PAM50 subtype, class II/III obesity at BC diagnosis dou-

bled the risk of BC mortality in women with Luminal A

tumors; every 5-unit increase in BMI increased the risk for

BC mortality by 31% and the risk for BC recurrence by

24% [64]. And, in a study of early-stage ER ? BC sur-

vivors, obesity at diagnosis was associated with reduced

disease-free survival and increased risk for second primary

cancer [65]. Other studies have similarly found increased

risk of BC recurrence and increased BC death [66–69].

With regard to weight gain after BC diagnosis, in a study

largely of women with Luminal A tumors (71%), BMI gain

[5.7% was associated with higher rates of BC recurrence

[70]. Another study of ER ? breast cancer survivors

identified a 24% increased risk of late recurrence in women

who experienced [10% post-diagnosis weight gain [71].

Other studies have similarly found higher rates of BC

recurrence and/or BC mortality with weight gain after

diagnosis [72, 73]. For all of the reasons, high BMI at

diagnosis and weight gain after diagnosis should be of

concern in both pre- and postmenopausal women diag-

nosed with HR? breast cancer.

As a retrospective review of medical records, our anal-

ysis was limited to variables collected and recorded in the

clinical setting. It is a strength of our study that our findings

are immediately applicable to clinical practice, as all of the

data used in our analysis are collected during routine clinic

visits. The variables analyzed in our study were used for

the same purposes as their clinical intent (BC diagnosis and

treatment), without ascribing new or alternative meaning to

the clinical data. Our weight measures were independently

assessed by nursing personnel using standardized proce-

dures, and clinician notes from a single study site/institu-

tion were consistent in quality and depth of detail. A

further strength of our study is that the sample consists

primarily of women diagnosed in the taxane era of

chemotherapy—a still largely understudied period regard-

ing potential weight gain associations with chemotherapy

[25].

A limitation of using data from medical records is that

these records did not contain consistent information on

patient behavior that could affect weight trajectories during

ET, specifically dietary habits and physical activity. These

are modifiable behaviors that could be included in discus-

sions with patients whose BMI at diagnosis or risk factors

for subsequent weight gain (tumor severity and associated

treatment) would warrant attention to healthy weight.

Weight trajectories can also be influenced by depression,

anxiety, fatigue, pain, and other symptoms, and availability

of consistent information on these variables in the medical

records would have enabled a more comprehensive

exploration of factors associated with differing weight

trajectories.

Our study shows that BC survivors can both lose and

gain weight from BC diagnosis through the first two years

of ET. During a busy clinic visit, it is important to identify

patients at the highest risk for clinically significant weight

changes and to offer referrals to a nutritionist or other

weight management program. Words of support and

encouragement from the oncology provider may help BC

survivors manage their weight with exercise and healthy

eating habits [74–76]. Healthy eating and regular exercise

are safe and feasible ‘‘self-management’’ activities both

during treatment and throughout survivorship that can have

great benefits for function and quality of life and poten-

tially also for prognosis and survival in early-stage BC

survivors.
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