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Temporal influence of endocrine therapy
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Abstract

Background: The effect of endocrine therapy with tamoxifen (TMX) on weight gain has been reported in the literature,
but the outcomes are still controversial. Moreover, previous treatment options, such as chemotherapy (CT), also include
body changes. The focus of this study was to verify the temporal influence of endocrine therapy with TMX on nutritional
risk and obesity and its association with CT in breast cancer patients.

Methods: In this cross-sectional study, 84 breast cancer surviving women were evaluated during endocrine therapy with
TMX. Anthropometric, biochemical and body composition parameters were measured. A generalized estimating equation
(GEE) was used to examine the association between CT and groups of women using TMX categorized by the duration of
the treatment (group 1, women using TMX for the first 3 years; group 2, women using TMX between 3 and 4 years and
group 3, women using TMX for more than 4 years).

Results: The interaction of CT with duration of TMX use showed a significant effect on Body Mass Index (BMI), waist
circumference (WC) and body fat percentage (BFP) (GEE p-value = 0.002, 0.000, 0.000, respectively). Women from group
1 who underwent CT presented higher values of body variables compared to those women from group 2 who also
underwent CT (BMI = 29.14 ± 0.93, 26.76 ± 0.85 kg/m2; WC = 94.45 ± 1.96, 91.07 ± 2.44 cm; BFP = 36.36 ± 1.50, 33.43 ±
1.66%, respectively). On the other hand, women from group 1 who did not undergo CT presented lower values of body
variables compared to those women from group 2 who also did not undergo CT (BMI = 25.29 ± 0.46, 28.40 ± 0.95 kg/m2;
WC = 85.84 ± 0.90, 97.75 ± 0.88 cm; BFP = 30.32 ± 0.43; 42.95 ± 1.03%, respectively).

Conclusions: Women on endocrine therapy with TMX are mostly overweighed and obese, most evidently in women
who received CT, and who were at the beginning of treatment. Women that did not undergo CT, despite presenting
lower values of body variables in the first 3 years, still deserve special attention because significantly higher values were
observed in women between 3 and 4 years of therapy.
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Background
Breast cancer (BC) accounts for 29% of all new cases of
cancer in women, being the second leading cause of death
[1]. In patients treated with surgery, adjuvant endocrine
therapy with tamoxifen (TMX), a selective estrogen recep-
tor modulator, has been widely used in individuals
expressing estrogen and/or progesterone endocrine recep-
tors [2], prolonging substantially disease-free intervals and
survival outcomes [3].
Changes in body weight are described as side effects

during treatment [4–6]. Both the initial overweight and
the amount of weight gained during treatment negatively
influence the prognosis, survival and quality of life of
women with BC [7–9]. In endocrine therapy, even though
this gain is more modest (1 to 2 kg) [10, 11] when com-
pared to the CT period (3 to 7 kg) [12–14], it is a major
concern regarding non-adherence to endocrine therapy
[15]. Furthermore, even without weight gain, these women
are affected by changes in body composition with loss of
muscle mass and an increase in body fat percentage (BFP)
[10, 16]. The excess of BFP in postmenopausal women
results in increased estrogen and androgen concentrations
in adipose tissue [17], which can stimulate cancer cells
[18], change circulating levels of pro-inflammatory cyto-
kines [19], and also impact the efficiency of TMX [20].
However, these results are still unclear and need to be
further investigated.
Furthermore, metabolic implications at the beginning of

treatment for BC reveal impairment of glucose metabol-
ism and dyslipidemia [21] and extend into survivors on
endocrine therapy with TMX [22–24]. These implications
are important along with weight gain due to the occur-
rence of cardiovascular diseases that may develop over
time in postmenopausal women on endocrine therapy
with TMX [25, 26]. However, even in face of these impli-
cations, the overall beneficial effects of treatments for BC
are already established [2, 3]. Also, the combination of
treatments for BC, such as chemotherapy (CT) plus TMX,
promotes substantial benefits compared to CT alone,
producing a further reduction in recurrence risk [2].
Considering the recommendation to use endocrine

therapy with TMX for up to 10 years [3], the impact of
body modifications on survival and disease recurrence
during endocrine therapy is poorly understood [27, 28].
In this sense, knowing the potential long-term effect of
previous treatments, such as CT [12, 13], it is necessary
to understand its influence on the TMX side effects
related to anthropometric parameters and BFP at different
moments of endocrine therapy. In addition, this under-
standing will enable the development of multidisciplinary
interventions directed throughout the treatment.
We hypothesized that women who underwent CT

were more obese and that the degree of obesity was
more evident at the beginning of TMX therapy. Thus,

the objective of this study was to analyze the temporal
influence of endocrine therapy with TMX on nutritional
risk and obesity and its association with CT in BC pa-
tients, evaluated by means of anthropometric variables
and body composition.

Methods
Ethical aspects
A transversal study conducted in 2015–2016 in a brazilian
university hospital (HC-UFU, Uberlandia, Minas Gerais,
Brazil) including one assessment with BC patients during
endocrine therapy with TMX, in the period from August
2015 to March 2016.
This study was approved by the Human Research Ethics

Committee (protocol number 907.129/14) and the entire
study was conducted based on the standards of the
Helsinki Declaration. All participants signed a free and
informed consent form.

Sample size calculation
The sample size required for this study was determined
using the G*Power software, version 3.1 [29]. The sample
size calculations were based on an F test linear multiple
regression with effect size f of 0.15, an alpha level of 0.05,
95% power and 3 predictors. Given the output Parameter,
a total sample of 84 women was required at final analysis.

Eligibility criteria
The study included women diagnosed with BC with in-
dication of endocrine therapy with TMX and with verbal
and cognitive capacity to respond to the instruments
used for data collection. Women older than or equal to
80 years and less than or equal to 18 years were
excluded from the study, as well as patients with locore-
gional or distant BC recurrence; diagnosis of any other
type of cancer; autoimmune diseases and/or use of corti-
costeroids; presence of diabetes mellitus; thyroid diseases;
depressive syndrome; pregnant or postpartum women; ad-
mission to palliative care programs; institutionalized
patients; without telephone contact; previous use of TMX
and/or change to the use of aromatase inhibitors.

Participants for recruitment
The active medical records of patients being treated with
TMX in the month of March 2015 were analyzed
(n = 412) and 231 patients were classified as eligible for
the study. Using a table of random numbers, 84 patients
were invited to participate in the study according to the
previously calculated sample. Groups were set according
to the duration of TMX use, obtained by stratification
into tertiles at three times of use (groups 1, 2 and 3),
considering equivalent ranges of the duration: group 1
included 32 women using TMX for the first 3 years;
group 2 included 22 women using TMX between 3 to
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4 years; and group 3 included 30 women using TMX for
more than 4 years (maximum time equals to 6 years and
6 months). The three groups included, after strict eligibility
criteria, both women who underwent chemotherapy along
with those who did not undergo (Fig. 1). The invitation to
participate was made by phone and the evaluations were car-
ried out at the oncology department of the clinical hospital.

Anthropometric assessment
A mechanical scale was used to measure weight, with
sensitivity of 100 g; for height, a vertical stadiometer
with a 1 mm precision scale was used; and for waist cir-
cumference (WC) a flexible and inelastic tape was used,
following the protocol recommended by the World
Health Organization [30]. After obtaining these
measurements, the Body Mass Index (BMI) were calculated
dividing weight by height squared (Kg/m2), taking into con-
sideration elderly women over 60 years of age [31].
The horizontal tetra polar bioelectrical impedance

(BIA) (Biodynamics device model 450) was used to
evaluate body compartments, using the cutoff point for
excess BFP in women ≥ 24% [32]. Participants were
guided regarding the protocol of the test [33].

Quantitative dietary assessment
Properly trained nutritionists collected information
about food consumption by means of a 24-h dietary

recall (24HR) applied through telephone interviews,
according to the technique used in the Vigitel Study [34]
with adaptations. For each participant, three nonconsec-
utive 24HR were applied, including a day of the week-
end, in order to better reflect the eating habits of the
participants. From the 24HR, the mean quantity of total
energy, carbohydrate, protein and lipid were estimated.
Quantification of nutrients was performed through
Dietpro® software, version 5.7, using as a reference, pref-
erably, the Brazilian Table of Food Composition [35].
However, for those foods not found in this table, the
international reference was used, the table from the
United States Department of Agriculture [36].

Laboratory assays
Venous blood was collected at the time of the interview,
between 7 am and 10 am, after overnight fasting and under
standard conditions for analysis of Total Cholesterol, LDL
Cholesterol (LDL-C), HDL Cholesterol (HDL-C) (mg/dL),
TG (mg/dL), Fasting glucose (mg/dL), C Reactive Protein
(CRP) (mg/dL), and a complete blood count. The results
were evaluated according to recommendations established
in the literature [37–39].

Statistical analyses
First, the Kolmogorov-Smirnov normality test was per-
formed. Parametric tests for variables with normal

Fig. 1 Diagram reporting the number of women screened and recruited in this study (n = 84). Diagram reporting the number of women with breast
cancer on endocrine therapy with tamoxifen screened and recruited during the study conducted at a university hospital in the city of Uberlandia,
Minas Gerais, Brazil, 2015–2016 (n = 84). Group 1, women using tamoxifen for the first 3 years; group 2, women using tamoxifen between 3 and
4 years; Group 3, women using tamoxifen for more than 4 years; CT, chemotherapy; TMX, tamoxifen
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distribution, or non-parametric tests for variables with-
out normal distribution were performed. Generalized
Estimating Equations (GEE) were used to examine the
association between groups of TMX/CT and nutritional
risk and obesity at first, second and third usage time
adjusting for age, smoking, alcohol consumption, phys-
ical activity, energy (kcal), and clinical stage. An inter-
action term between the CT and time was included in
the model. The GEE model accounts for correlations
among the within-subject outcome variables of BMI,
WC and BFP and provides consistent estimates of the
parameters of the standard errors using robust estima-
tors. The adjustment method for multiple comparisons
was Sequential Sidak. All statistical analyses were run
using the SPSS® (SPSS, Inc., Chicago, USA) software
package (SPSS Statistics for Windows, version 21) and a
p-value ≤0.05 was considered statistically significant.

Results
The study included 84 women with mean age of
53.11 ± 8.73 years. Socio-demographic, clinical, hormo-
nal and therapeutic characteristics are presented in Table
1. Most women (52.4%, n = 44) considered themselves
white, reported monthly income higher than 3 minimum
wages (46.5%, n = 39) and low education level (42.9%,
n = 36). Regarding clinical and hormonal characteristics,
91.7% (n = 77) were found to be postmenopausal and
90.5% (n = 76) presented invasive ductal carcinoma. As
for the molecular phenotype, the majority (51.2%,
n = 43) was classified as luminal B. Regarding surgical
procedures, 52.4% (n = 44) of the women underwent
conservative breast surgery and 46.5% (n = 39) had
mastectomy. The percentage of patients submitted to
adjuvant chemotherapy was 58.3% (n = 49), 29.8%
(n = 25) to the neoadjuvant and 11.9% (n = 10) did not
undergo chemotherapy. The majority were treated with
adriamycin + cyclophosphamide + docetaxel (AC-T)
regimen (42.9%, n = 36) followed by cyclophosphamide,
doxorubicin and 5-fluorouracil (FAC) (25.0%, n = 21).
Regarding the anthropometric parameters, the current

BMI values 63.1% of participants were above the values
of eutrophy for adults and elderly (26.79 ± 4.59;
28.16 ± 4.53 kg/m2, respectively). When comparing the
groups, the BMI values of adults were significantly
higher among women in group 1 (28.38 ± 4.12 kg/m2,
p = 0.018) when compared with the others. No statisti-
cally significant difference was found between the groups
for the BMI of the elderly. In addition, among the BMI
classifications, women who underwent CT (n = 74),
62.2% (n = 46) were classified as overweighed or obese
and 37.8% (n = 28) were neither overweighed nor obese,
considering adults and elderly. For those who did not
undergo CT (n = 10), 70.0% (n = 7) were classified as
overweight and 30.0% (n = 3) as non-overweighed. The

BFP and WC presented mean values above the recom-
mendations (35.23 ± 7.55%, 90.63 ± 11.07 cm, respect-
ively), but without significant differences when compared
between groups (Table 2).
The blood analysis for the lipid parameters showed dis-

cretely altered values of TG and HDL-C (153.49 ± 85.21;
55.19 ± 17.92 mg/dL, respectively). Comparing the
groups, significantly worse values of HDL-C in group 2
were observed compared to groups 1 and 3
(47.51 ± 19.75; 53.34 ± 16.62; 62.78 ± 15.29 mg/dL,
p = 0.006, respectively). The same was not observed for
TG when comparing the groups. For hemoglobin, WBC,
platelets and CRP the values were within the recom-
mended values (Table 2).
Regarding food intake, we did not find a statistically

significant difference for the average amount of energy,
carbohydrate and protein ingested among the three
groups. However, lipids had significantly higher mean
values in group 1 than in groups 2 and 3 (66.74 ± 25.93,
48.61 ± 18.14, 56.61 ± 19.06 g, respectively, p = 0.012).
In the GEE analyses, we did not find significant

isolated effects of CT on BMI, WC and BFP (p = 0.102,
p = 0.084, p = 0.607, respectively). However, significant
effects were observed when we evaluated the duration of
TMX use (determined by the three groups) on WC and
BFP (p = 0.003 and p = 0.001, respectively). Furthermore,
the interaction between these two factors (CT and dur-
ation of TMX use) was significant for all anthropometric
and body composition parameters (p < 0.05) (Table 3).
Table 4 shows the post hoc comparisons of the vari-

ables evaluated with CT and not CT and groups 1, 2 and
3. Analyses of the univariate effects showed that in
group 1, women who did CT when compared with those
who did not undergo CT, presented significantly higher
values of BMI (29.14 ± 0.93; 25.29 ± 0.46 kg/m2,
p = 0.003, respectively), WC (94.45 ± 1.96;
85.84 ± 0.90 cm, p = 0.001, respectively) and BFP
(36.36 ± 1.50; 30.32 ± 0.43%, p = 0.001, respectively). In
group 2, the tendency is inverse, i.e., women that under-
went CT presented lower values for BMI, WC and BFP,
but only for BFP was significantly lower (33.43 ± 1.66;
42.95 ± 1.03%; p = 0.000).
Comparing women who underwent CT, no statistically

significant differences were observed between the
groups, even though mean values were higher in group
1 when compared to group 2 for BMI (29.14 ± 0.93;
26.76 ± 0.85, kg/m2, respectively), WC (94.45 ± 1.96;
91.07 ± 2.44 cm, respectively) and BFP (36.36 ± 1.50;
33.43 ± 1.66%, respectively) (Table 4).
Comparing women who did not undergo CT, we had

significant differences between groups. Comparing
women from groups 1 and 2, mean values were signifi-
cantly lower for group 1 compared to group 2 for BMI
(25.29 ± 0.46; 28.40 ± 0.95 kg/m2, p = 0.042,
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respectively), WC (85.84 ± 0.90; 97.75 ± 0.88 cm,
p = 0.000, respectively) and BFP (30.32 ± 0.43;
42.95 ± 1.03, p = 0.000, respectively). Furthermore, com-
paring group 2 with group 3, for those women who did
not undergo CT, mean values were lower for BMI, WC,
and BFP, but only for WC the difference was significant
(97.75 ± 0.88; 76.00 ± 7.02 cm, respectively, p = 0.025)
(Table 4).
Figure 2 shows the post hoc comparisons for BMI,

WC and BFP values of women who underwent CT and
who did not undergo CT, grouped by TMX time usage
(groups 1, 2 and 3).

Discussion
In our study, we observed that the majority of women in
endocrine therapy with TMX were classified as over-
weighed and obese, and we investigated the association
of CT, usage time of TMX, and three different body pa-
rameters (BMI, WC and BFP). Although we did not find
an isolated effect of CT, the interaction of CT with dur-
ation of TMX use showed a significant effect on BMI,
WC and BFP. In our study, women from group 1 who
did not undergo CT, presented lower values of body var-
iables compared to those women who also did not
undergo CT but were using TMX between 3 to 4 years
(group 2). On the other hand, women from group 1 who
underwent CT, presented higher values of body variables
compared to those women who also underwent CT but
were using TMX between 3 to 4 years (group 2). So, our
study provides relevant knowledge to understand the
need for specific and targeted conducts at different times
of endocrine therapy.
In the present study we found values above the recom-

mendations of weight and body fat excess in women on
endocrine therapy with TMX, results similar to those
observed in the literature [40, 41]. These body modifica-
tions related to increased adipose tissue lead to unsatis-
factory outcomes, especially in postmenopausal women
with BC [42–45]. However, these outcomes of weight
gain during endocrine treatment with TMX are still con-
troversial and need to be further investigated [13, 46,
47]. One of those outcomes could be an abnormally high

Table 1 Sociodemographic, clinical, hormonal and therapeutic
characteristics (n = 84)

Characteristics n (%)

Race

White 44 (52.4)

Black 9 (10.7)

Hispanic 31 (36.9)

Income, R$a

440–880 14 (16.7)

881–1.760 31 (36.9)

> 1.761 39 (46.5)

Education

Elementary School - Incomplete 36 (42.9)

Elementary School - Complete 9 (10.7)

High School - Incomplete 6 (7.1)

High School - Complete 21 (25.0)

Graduate degree 12 (14.3)

Menopausal status

Premenopausal 7 (8.3)

Postmenopausal 77 (91.7)

Tumoral Subtype

Ductal 76 (90.5)

Lobular 4 (4.8)

Mucinous 3 (3.6)

Ducto-Lobular 1 (1.2)

Clinical Stage

I 21 (25.0)

II 49 (58.3)

III 14 (16.7)

Tumor grade

G1 11 (13.1)

G2 61 (72.6)

G3 7 (8.3)

NR 5 (6.0)

Molecular Subtypes

Luminal A 37 (44.0)

Luminal B 43 (51.2)

NR 4 (4.8)

Surgery

Breast-conserving surgery 44 (52.4)

Mastectomy 39 (46.5)

No surgery 1 (1.2)

Chemotherapy

Adjuvant 49 (58.3)

Neoadjuvant 25 (29.8)

No chemotherapy 10 (11.9)

Table 1 Sociodemographic, clinical, hormonal and therapeutic
characteristics (n = 84) (Continued)

Chemotherapy Regimen

AC + Docetaxel 36 (42.9)

FAC 21 (25.0)

CMF 18 (21.4)

NR not reported, G1 well-differentiated tumor (low grade), G2 moderately
differentiated tumor (intermediate grade), G3 poorly differentiated tumor (high
grade), AC adriamycin + cyclophosphamide, FAC cyclophosphamide, doxorubicin,
and 5-fluorouracil, CMF cyclophosphamide, methotrexate, and 5-fluorouracil
aMinimum wage per month, R$ 880,00
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expression of the aromatase enzyme in the breast, an en-
zyme that is responsible for the production of increased
local estrogen, thus predisposing the mammary tissue to
hyperplasia and cancer [18], as well as a bioenergetic
adaptation of the cancer cells [48, 49].
In this sense, due to the important association of over-

weight with the prognosis of the disease [7–9, 27, 28], it
is necessary to identify possible predictors about the
body changes that occur during endocrine therapy with
TMX. In the present study, we found that CT alone
showed no effect on nutritional risk and obesity. It is
known, however, that adjuvant CT for BC acts as an in-
dependent prognostic factor for bodily modifications
with a potential long-term effect and may therefore
affect the period of endocrine therapy [12, 13]. However,
when we evaluated in this study the interaction between
CT and duration of TMX use, we verified a significant
effect on all body parameters evaluated, which demon-
strates the relevance of that interaction in body changes

Table 3 Model effect tests of tamoxifen use duration groups
and whether or not chemotherapy is performed

Variable Effect df Wald Chi-square *p-value

BMI Duration of use 2 3.16 0.206

CT 1 2.68 0.102

Duration of use x CT 2 12.31 0.002

WC Duration of use 2 11.88 0.003

CT 1 2.99 0.084

Duration of use x CT 2 22.27 0.000

BFP Duration of use 2 14.29 0.001

CT 1 0.27 0.607

Duration of use x CT 2 37.95 0.000

BMI, Body Mass Index; WC, waist circumference; BFP, body fat percentage; CT,
chemotherapy; General Estimated Equations (GEE). Data adjusted for age,
smoking, alcohol consumption, physical activity, energy (kcal), and clinical
stage. df, Degree of freedom
*p values calculated by ANOVA

Table 2 Characterization of the anthropometric and biochemical variables evaluated according to the groups established by the duration
of tamoxifen use (n = 84)

Variables Mean ± SD

Total (n = 84) Group 1 (n = 32) Group 2 (n = 22) Group 3 (n = 30) p-value

Age (range: 33–73 years) 53.11 ± 8.73 51.37 ± 7.35 54.09 ± 9.18 54.23 ± 9.69 0.37

Anthropometric

Current BMI (Kg/m2)

Adults (n = 62) 26.79 ± 4.59 28.38 ± 4.12 26.76 ± 4.29 24.54 ± 4.73 0.018

Elderly (n = 22) 28.16 ± 4.53 29.40 ± 7.87 27.30 ± 2.07 28.07 ± 3.86 0.760

WC (cm) 90.63 ± 11.07 93.11 ± 10.07 91.67 ± 10.83 87.21 ± 11.73 0.096

BFP (n = 74) 35.23 ± 7.55 35.55 ± 7.53 34.38 ± 7.45 35.54 ± 7.92 0.845

Biochemicals Recommendation

TG <150 mg/dL 153.49 ± 85.21 156.43 ± 86.51 181.45 ± 102.83 130.03 ± 62.97 0.095

HDL-C >60 mg/dL 55.19 ± 17.92 53.34 ± 16.62 47.51 ± 19.751 62.78 ± 15.291 0.006

LDL-C <100 mg/dL 96.80 ± 28.24 94.79 ± 25.18 99.06 ± 37.88 97.30 ± 23.61 0.858

Blood glucose <100 mg/dL 82.17 ± 30.22 78.41 ± 35.90 86.00 ± 29.02 83.37 ± 24.47 0.644

Hemoglobin 12.0 a 15.5 g/dL 12.88 ± 1.69 12.63 ± 2.54 13.00 ± 0.80 13.05 ± 0.83 0.582

WBC 3.500 a 10.500 mil/mm 5916.55 ± 1737.62 5403.12 ± 1589.95 6232.27 ± 1508.85 6232.67 ± 1954.68 0.104

Platelets 150 a 450 mil/mm 194,142.9 ± 65,099.0 185,062.50 ± 73,578.98 198,772.73 ± 68,529.40 200,433.33 ± 52.848.31 0.608

CRP <0.3 mg/dL 0.42 ± 0.64 0.49 ± 0.98 0.37 ± 0.31 0.37 ± 0.30 0.698

Food consumption

Energy (kcal) 1591.63 ± 526.80 1742.62 ± 580.622 1393.56 ± 449.092 1575.83 ± 482.39 0.054

Energy (kJ) 6659.38 ± 2204.13 7291,12 ± 2429,312 5830,66 ± 1878,992 6593,27 ± 2018,32 0.054

Carbohydrate (g) 201.94 ± 71.98 212.01 ± 67.38 182.85 ± 63.47 205.19 ± 81.60 0.331

Protein (g) 65.09 ± 25.02 72.14 ± 28.63 56.66 ± 21.86 63.76 ± 21.42 0.076

Lipids (g) 58.37 ± 22.69 66.74 ± 25.933 48.61 ± 18.143 56.61 ± 19.06 0.012

BMI body mass index, WC waist circumference, TG triglycerides, HDL-C high density lipoprotein, LDL-C low density lipoprotein, WBC white blood cell count, CRP C
Reactive Protein, SD standard deviation, Group 1 women using tamoxifen for the first 3 years, Group 2 women using tamoxifen between 3 and 4 years, Group 3
women using TMX for more than 4 years. The cutoff points of the biochemicals parameters were evaluated according to recommendations [37–39]; p < 0.05 was
considered significant, calculated by ANOVA
1p = 0.006; 2p = 0.049; 3p = 0.010
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over the years of endocrine treatment in the face of the
increase of the number of long-term BC survivors and
the many years of established endocrine therapy [3].
In this study, considering only women from group 1

(using TMX for the first 3 years), those that previously
underwent CT had higher values of body fat and were
more obese than those who did not undergone CT. The
effect of CT interaction at different times of endocrine
therapy with TMX on body parameters had not been
reported in the literature before. Considering that the
use of TMX starts in most cases after CT, the worst re-
sults for women who underwent CT may be due to the
prolonged effects of chemotherapy and not for the effect
of TMX. In a prospective and observational study per-
formed with 272 French women treated with CT, greater
weight changes were reported at 6 and 12 months after
the end of this treatment [50], and the average weight
gain in the first year after the end of the CT was 3 kg
[51]. Such body modifications may be explained in part
by the induction of CT in the reduction of energy
expenditure [52], changes and perceptions of food due
to the effects of nausea and changes in palatability [53],
and negative nitrogen balance [54]. In addition, we may
consider that the side effect of endocrine therapy with
TMX on body weight, although still controversial, may
exert an influence in this process. However, it is difficult
to relate body modification entirely to TMX, since most
studies of weight gain reports did not have a comparison
group [13, 55, 56].
Also, an important aspect of CT is the induction of

ovarian failure by treatment toxicity, especially in women
approaching menopause [57, 58], and in Brazil the mean
age of menopause is 51 years old [59]. A study with
women with BC in CT found an immediate reduction of
ovarian blood flow after treatment, demonstrating a

postmenopausal profile for most patients accompanied by
related symptoms [60]. Thus, those perimenopause
women who do CT, especially with anthracycline-based
regimens compared to CMF [61], may enter menopause
more frequently with CT and present earlier and induced
symptoms already known from climacteric, such as
changes in body composition [62, 63].
When analyzing women who did not have CT in this

study, we verified that the highest nutritional risk and
body fat did not occur in the group with at most 3 years
of TMX use, but in women in the intermediate duration
group, between 3 and 4 years. Results of a cross-
sectional study with american women found that the
highest percentage of weight gain occurred after 3 years
of TMX use; however, CT was not considered [4]. These
results suggest that these women who do not have CT
may have different reactions between them. First, the
concentration of important metabolites of TMX oxida-
tive metabolism, such as endoxifene, is related to the
occurrence of side effects from drug use [4], suggesting
the need for prospective studies to see if different con-
centrations occur throughout treatment and its relation
to previous treatments, such as CT.
Also, food intake is an important modifiable factor con-

tributing to changes in nutritional status and the risk of
obesity in women with BC [52–54]. However, in our
study, we found that women did not present statistically
significant differences for the average amount of energy,
carbohydrate and protein intake among the three groups
evaluated. However, only significantly higher mean values
for lipids were observed for women in group 1. Possibly,
the preference for more palatable foods in this period,
still resulting from the cytotoxicity of those who did
CT [53], may have influenced this result. In addition,
as a result of the several years proposed for endocrine

Table 4 Post hoc comparison for the chemotherapy factor between the different groups of tamoxifen use duration

Variables Groups Mean ± SD *p-value 95% Wald Confidence Interval

Without CT With CT Without CT With CT

Lower Upper Lower Upper

BMI 1 25.291 ± 0.46 29.14 ± 0.93 0.003 24.41 26.20 27.39 31.02

2 28.401 ± 0.95 26.76 ± 0.85 0.720 26.60 30.33 25.14 28.48

3 21.97 ± 3.18 26.27 ± 0.83 0.720 16.55 29.18 24.70 27.94

WC 1 85.842 ± 0.90 94.45 ± 1.96 0.001 84.10 87.62 90.68 98.38

2 97.752,4 ± 0.88 91.07 ± 2.44 0.105 96.03 99.50 86.41 95.97

3 76.004 ± 7.02 88.46 ± 2.07 0.429 63.40 91.10 84.49 92.61

BFP 1 30.323 ± 0.43 36.36 ± 1.50 0.001 29.49 31.18 33.54 39.41

2 42.953 ± 1.03 33.43 ± 1.66 0.000 40.98 45.00 30.34 36.84

3 36.30 ± 5.73 35.47 ± 1.65 0.988 26.64 49.47 32.39 38.85
1p = 0.042; 2p = 0.000; 3p = 0.000; 4p = 0.025; BMI, Body Mass Index; WC, waist circumference; BFP, body fat percentage; CT, chemotherapy; SD, Standard
Deviation; Group 1, women using tamoxifen for the first 3 years; Group 2, women using tamoxifen between 3 and 4 years; Group 3, women using TMX for more
than 4 years. Data adjusted for age, smoking, alcohol consumption, physical activity, energy (kcal), and clinical stage. *p calculated by ANOVA. Post hoc
comparison (Sidak method)
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therapy [3], it has been shown that psychological fac-
tors such as anxiety and depression are common in
endocrine therapy [64], and may interfere with
changes in the dietary pattern [65]. There is a need

for prospective studies to evaluate and consider these
factors for better explaining these findings in view of
the negative effects of obesity.
Additionally, we found altered values for TG and HDL-

C, with HDL-C showing inadequate values in women in
the first 3 years and between 3 and 4 years of treatment
statistically significant between the three groups. In this
sense, since central obesity is associated with several
biochemical alterations, including decreased glucose
tolerance, elevated serum insulin levels and lipid changes
[41–43], blood assessments are important in this popula-
tion, being a risk factor for many diseases associated with
such changes, including diabetes mellitus and cardiovas-
cular disease [66, 67].
In general, adjuvant therapy with AI is associated with

better outcomes compared to TMX for postmenopausal
women with endocrine-responsive BC. However, in
many public hospitals from Brazil (as in our case), taken
into consideration cost issues, AIs are reserved to be
used only in high risk early BC patients. This approach
is not all bad, considering findings from the Breast Inter-
national Group Trial 1–98 comparing adjuvant TMX
with letrozole which showed considerable less benefit of
AI over TMX in patients presenting lower risk of recur-
rence [68, 69]. However, many postmenopausal women
with endocrine-responsive BC are still receiving TMX in
low-resource hospitals. In addition, TMX has been
chosen for patients presenting moderate to severe osteo-
porosis (which is not uncommon in post-menopausal
women). Also, it is important to mention that central
obesity becomes more prevalent after menopause, which
may have distorted the results.
Possible limitations of this study should be considered.

One limitation is the use of unequally weighted popula-
tions relative to the menopausal state that may at least
in part interfere in the generalization of the study. More-
over, cross-sectional evaluation makes it impossible to
establish causal relationships with changes in body
composition and duration of TMX use along with the
other variables. In this way, it would be important to
obtain the usual weight before the beginning of the
treatments for BC, since that obesity may have had some
correlation with BC incidence and some effect on the
treatment regimen chosen in the first place, and that is a
possible confounder when interpreting the data from
this study. We did not evaluate the CT in relation to its
different chemotherapeutic agents, in which they can re-
spond differently to weight gain [70].

Conclusions
Our results suggest that women in endocrine therapy
with TMX require nutritional monitoring throughout
treatment with the need for targeted interventions at spe-
cific times. Women who have undergone CT prior to

Fig. 2 Distribution of women using endocrine therapy with TMX
categorized according to groups (1, 2 and 3) and according to whether
or not CT was performed. Distribution of women with breast cancer,
according to groups of TMX usage duration in a university hospital in
the city of Uberlandia, Minas Gerais, Brazil, 2015–2016 (n = 84, BMI and
WC; n = 74, BFP). Group 1, women using tamoxifen for the first 3 years;
group 2, women using tamoxifen between 3 and 4 years; Group 3,
women using tamoxifen for more than 4 years; BMI, Body Mass Index;
WC, waist circumference; BFP, body fat percentage; CT, chemotherapy;
*p < 0.05 calculated by ANOVA. Post hoc comparison (Sidak method)
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initiating endocrine therapy deserve special attention in
the first 3 years of treatment. However, women who did
not undergo CT had a higher nutritional risk in the inter-
mediate treatment period (between 3 and 4 years). In view
of the great benefit of endocrine therapy with TMX
already established, which exceeds the negative effects on
body composition, these results reinforce the importance
of nutritional guidelines and multidisciplinary follow-up,
taking into account previous treatments such as CT, thus
ensuring that BMI and body composition are reduced or
maintained within a healthy range. In addition, these
strategies may contribute to a greater adherence to treat-
ment and also better medication action.
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