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Postmenopausal breast cancer survivors:
Influence of follow-up time on metabolic health
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Paulo Gustavo Tendrio do Amaral'®, Carla Priscila Kamiya Carvalho Pessoa' @,
Eduardo Carvalho-Pessoa' ©, Heloisa Maria de Luca Vespoli' ®, Eliana Aguiar Petri Nahas'*

ABSTRACT

ntroduction: Advances in the early detection and treatments have contributed to increased longevity in breast cancer (BC)
patients. The aim of this study was to evaluate the metabolic health at different times after BC diagnosis in postmenopausal
women. Methods: A cross-sectional study was conducted with 439 women, aged 45-75 years, with a diagnosis of BC, and without
metastatic disease or cardiovascular disease. Women were distributed into three time periods: TO, time of diagnosis (n=241); T4,
4-year follow-up (n=94); and T9, 9-year follow-up (n=104). The groups were paired by age and time since menopause. The following
criteria were considered to assess metabolic health: body mass index; blood pressure; serum values of triglycerides (TGs), high-
density lipoprotein-cholesterol (HDL-C), and glucose; and occurrence of the metabolic syndrome (MetS). Results: The mean age per
group was 58.4+11.3 yearsin T0, 59.749.2 yearsin T4, and 60.748.6 years in T9 (p=0.134). On average, women were overweight at TO
and T4, and obese at T9, with differences between time periods (p=0.029). Women at T9 had higher mean values of TGs and blood
pressure when compared to women at TO and T4 (p<0.05). There was no difference in the occurrence of MetS between time periods
(p=0.409). On risk analysis, women with at least 9 years of follow-up (T9) were at a higher risk of developing hypertriglyceridemia
(odds ratio [OR]=1.67, 95% confidence interval [CI] 1.04-2.66, p=0.032) and arterial hypertension (OR=2.04, 95%Cl 1.27-3.26,
p=0.003). Conclusion: Postmenopausal BC survivors with a longer follow-up period had worse metabolic health due to a higher risk
of hypertriglyceridemia, arterial hypertension, and obesity when compared to women with a shorter oncological follow-up period.
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INTRODUCTION

Advances in the early detection and treatment of breast can-
cer (BC) have contributed to increased longevity in BC patients.
Therefore, strategies are required to improve quality of life,
control post-treatment complications, and consequently pre-
vent all-cause and cancer-specific mortality'?. It has been well
established that weight gain occurs in BC patients®*. This could
be explained, in part, by the lifestyle adopted after cancer diag-
nosis. Factors responsible for weight gain include a reduction in
physical activity and inadequate diet, associated with the physi-
cal and psychological stress of treatment®*. The resulting obesity
is associated with a chronic inflammatory state that has a nega-
tive impact on metabolic health, caused by homeostatic imbal-
ance due to excessive fat tissue™.

Inflammatory cytokines produced in fat tissue are known
to participate in the pathophysiology of BC and cardiovascular

disease (CVD)™*'2, A recent observational study evaluated half
amillion postmenopausal women with and without BC. Women
with BC were at a substantially higher risk of CVD after 5 years of
cancer diagnosis™. Therefore, women treated for BC require long-
term follow-up to assess the metabolic health and risk of CVD™
15, The relationship between metabolic disease and worsening of
BC prognosis was well described in a publication, where women
with metabolic syndrome (MetS) were at a higher risk for BC and
other diseases'. These data demonstrated that metabolic dis-
ease is intimately related to BC*'"*. The National Comprehensive
Cancer Network (NCCN) recently manifested itself, emphasizing
the need for multidisciplinary effort to identify risk factors that
can compromise metabolic health in BC patients and achieve a
better prognosis for this population®. Therefore, the present study
aimed to evaluate the metabolic health at different time periods
after BC diagnosis in postmenopausal women.
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METHODS

Study design and sample selection

This study is a single-center, cross-sectional study. The popula-
tion group consisted of 439 patients attending the Mastology
Center of the Botucatu Medical School - UNESP. Calculation of
sample size was based on a study by Buttros et al.”, who found
MetS in 50% of postmenopausal women with BC. Considering
this rate, with a significance level of 5%, and type II error of 10%
(power of the test: 90%), a minimum number of 93 BC patients
per group had to be evaluated and a total of at least 279 patients
were required. Women with the following characteristics were
included: age 45-75 years, amenorrhea =12 months prior to pre-
sentation, and histological diagnosis of BC without metastatic
disease. Exclusion criteria were current or past manifestation of
CVD, insulin-dependent diabetes mellitus, morbid obesity, alco-
hol dependence, and drug abuse. The women were distributed
into three time periods, considering the time elapsed since BC
diagnosis: T0, at the time of cancer diagnosis; T4, at least 4 years
after diagnosis; and T9, at least 9 years after diagnosis. Groups
were matched based on age and time since menopause. The fol-
lowing criteria were considered to assess metabolic health: body
mass index (BMI), blood pressure, serum values of triglycerides
(TGs), high-density lipoprotein-cholesterol (HDL-C), glucose,
and occurrence of MetS.

Data collection
In the current study, the following variables were evaluated: age
(years), age and time since menopause (years), smoking history
(yes/no), personal history of systemic arterial hypertension (SAH)
(yes/no), diabetes (yes/no), dyslipidemia (yes/no), CVD (yes/no), and
arterial blood pressure (nmHg). Women were considered to have
MetS ifthey met three or more of the following diagnostic criteria,
as proposed by the US National Cholesterol Education Program/
Adult Treatment Panel IIT (NCEP-ATP IIT)*: waist circumference
(WC) 288 cm; TGs=150 mg/dL; HDL-C<50 mg/dL; blood pres-
sure=130/85 mmHg; and glucose=100 mg/dL or under treatment™.
The following data were obtained for anthropometric evaluation:
weight, height, BMI (weight/height?), and WC. Women were clas-
sified according to BMI, as recommended by the World Health
Organization: <24.9 kg/m?*--normal; 25-29.9 kg/m*--overweight;
30-34.9 kg/m?--obesity grade I; 35-39.9 kg/m*--obesity grade
II; and 240 kg/m?--obesity grade ITI. WC was measured midway
between the lowest ribs and the iliac crest. A WC above 88 cm was
considered indicative of increased cardiometabolic risk*.
Biochemical analysis was performed after patients fasted for
12 h. Lipid and glucose profile were evaluated by total cholesterol,
HDL-C, low-density lipoprotein-cholesterol (LDL-C), TGs, and glu-
cose values. Measurements of TGs, total cholesterol, HDL-C, and
glucose were processed by the RAXT automatic biochemical ana-
lyzer (Technicon, USA), quantified by the colorimetric method, using

specific commercial reagents (Sera-Pak, Bayer, USA). The method
was linear until 800 mg/dL for TG and 900 mg/dL for TC. LDL-C
was calculated by the Friedewald formula that has limitations
when TG value is >400 mg/dL. LDL-C was obtained by subtract-
ing TC value from the sum of HDL-C and TGs, divided by 5. Values
considered optimal were: TC<200 mg/dL, HDL-C>50 mg/dL, LDL-
C<100 mg/dL, TG<150 mg/dL, and glucose<100 mg/dL*.

Anatomopathological and
immunohistochemical analyses

The following data were obtained from medical record review:
histopathological diagnosis of BC, histological grade, hormone
receptor status (estrogen receptor [ER]; progesterone receptor
[PR]), human epidermal growth factor receptor-2 (HER2) status,
epithelial proliferative activity (Ki67), tumor stage, and treat-
ments performed (surgery, radiation therapy, chemotherapy, and
hormone therapy). Tumor diameter was obtained from histo-
pathological reports and histologically graded as grade 1 (well
differentiated), grade 2 (moderately differentiated), and grade 3
(undifferentiated) according to the method proposed by Elston
and Ellis*, which uses architectural aspects, nuclear differen-
tiation levels, and mitotic index as criteria. Axillary lymph node
status was classified as positive lymph node involvement if there
was at least one positive lymph node according to clinical and/
or histopathological examination.

Statistical analysis

From all data, tables of clinical variables and parameters were
created for each group according to the time elapsed since BC
diagnosis: T0, at the time of cancer diagnosis; T4, at least 4 years
after diagnosis; and T9, at least 9 years after diagnosis. Variables
were analyzed using the Shapiro-Wilk test for normal distribution
and the Levene test for homogeneity. For data analysis, mean and
standard deviation were calculated for quantitative variables and
frequency and percentage for qualitative variables. Groups were
compared by the chi-square test of association. When statisti-
cal difference assumed more than two categories, partitioning
with p-value adjustment (p<0.010) was performed. On analyses
between the outcome variable and quantitative predictor vari-
ables, normal distributions were first tested. For data that were
not normally distributed, the Mann-Whitney and Kruskal-Wallis
nonparametric tests were applied. Multiple comparison analysis
was conducted by Dunn’s test. Analysis by binary logistic regres-
sion was performed considering the presence of MetS and obesity
asresponse (dependent) variables and the time elapsed since BC
diagnosis as the explanatory (independent) variable. The odds
ratio (OR) and 95% confidence interval (CI) were obtained, adjust-
ing for age and time since menopause (confounders). A level of
significance of 5% or the corresponding p-value was adopted in
all tests. Data were analyzed using the SPSS program, version
23.0 for Windows.
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RESULTS

A total of 439 postmenopausal women with BC were included:
241 at the time of diagnosis (T0), 94 with 4-year follow-up (T4),
and 104 with a 9-year follow-up (T9). The mean age per group
was 58.4t11.3 years in T0, 59.7+9.2 years in T4, and 60.7+8.6 years
in T9 (p=0.134). The clinical characteristics and biochemical
parameters of each group are represented in Table 1. On aver-
age, patients were overweight in T0 and T4, and obese in T9, with
a significant difference between time periods (p=0.029). The T9
group had the highest mean level of TGs and blood pressure,

both with statistical significance, when compared to women at
T0 and T4 (p<0.05) (Table 1).

There was no difference in the occurrence of MetS between time
periods (p=0.409). Regarding the number of altered criteria for
MetS, among all participants, 12.1% had no criteria, 21.2% had
only one criterion, 21.2% had two criteria, and 45.6% had three
or more altered criteria. Women in T9 had a higher rate of hyper-
triglyceridemia (47.1%, p=0.014) and arterial hypertension (61.5%,
p=0.002) and were overweight (76.9%, p=0.029) (Table 2). On risk
analysis, women with at least 9 years of follow-up (T9) had a

Table 1. Comparison of clinical and laboratory characteristics of postmenopausal women with breast cancer, according to groups

and follow-up time.

Age, years 58.4+11.3 59.749.2 60.7£8.6 0.134 TO=T4=T9
Menopause, years 47.4£4.9 47.613.6 47.514.4 0.978 TO=T4=T9
BMI, Kg/m? 28.8+5.7 27.6£5.6 30.016.2 0.029 TO=T4#T9
SBP, mmHg 130.4£15.8 133.8+£12.0 139.24£22.0 0.001 TO=T4, TO=T9
DBP, mmHg 81.8£10.4 87.7£10.3 81.4+11.9 <0.001 TO=T4, T4=T9
HDL, mg/dL 56.3x14.5 52.9+11.9 54.4+131 0.176 TO=T4=T9
LDL, mg/dL 120.6£34.4 114.6130.7 119.4+£30.8 0.398 TO=T4=T9
TG, mg/dL 135.8+£65.5 135.6£75.6 156.5+77.1 0.025 TO=T4=T9
Glucose, mg/dL 101.0£27.7 108.0+36.0 102.4£30.0 0.355 TO=T4=T9

TO: at diagnosis; T4: after 4 months; T9: after 9 months; values are expressed as meantstandard deviation; SBP: systolic blood pressure; DBP: diastolic blood
pressure; BMI: body mass index; HDL: high-density lipoprotein; LDL: low-density lipoprotein; TG: triglycerides; *significant difference if p<0.05 (Mann-Whit-

ney or Kruskall-wallis).

Table 2. Comparison of the occurrence of metabolic syndrome, its components and body mass index of postmenopausal women

with breast cancer, according to group and follow-up time.

Crores 1 o T o T e

Metabolic Syndrome 200 (45.6) 103 (42.7) 47 (50.0) 50 (48.1) 0.409
No 239 (54.4) 138 (57.3) 47 (50.0) 54(51.9)
BP>130X85mmHg 0.002
Yes 227 (51.7) 106 (44.0) 57 (60.6) 64 (61.5)
No 212 (48.3) 135 (56.0) 37 (39.4) 40 (38.5)
TG2150ma/dL 0.014
Yes 159 (36.2) 84 (34.9) 26 (27.7) 49 (47.1)
no 280 (63.9) 157 (65.1) 68(72.3) 55 (52.9)

Glucose=100 mo/dt 151 (34.4) 78 (32.4) 35(37.2) 38 (36.5) 0.610
No 288 (65.6) 163 (67.6) 59 (62.8) 66 (63.5)
HDL<50mg/dL 0.365
Yes 179 (40.8) 91(37.8) 42 (44.7) 46 (44.2)
No 260 (59.2) 150 (62.2) 52 (55.3) 58 (55.8)
IMC, Kg/m? 0.029
<24.9 121 (27.6) 61(25.3) 36(38.3) 24 (23.1)
>25.0 318 (72.4) 180 (74.7) 58 (61.7) 80 (76.9)

TO0: at diagnosis; T4: after 4 months; T9: after 9 months; values expressed as absolute numbers (%); BP: blood pressure; TG: triglycerides; HDL: high-density
lipoprotein cholesterol; BMI: body mass index; *significant difference if p<0.05 (2 test for trend).
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higher risk of developing hypertriglyceridemia (OR=1.67, 95%CI
1.04-2.66, p=0.032) and arterial hypertension (OR=2.04, 95%CI
1.27-3.26, p=0.003) in comparison to TO and T4 groups (Table 3).
Regarding cancer characteristics (Table 4), the majority of par-
ticipating women (80.5%) had early-stage disease at the time
of BC diagnosis. Node-negative axilla was found in 61.2%, hor-
mone receptor-positive tumors in 77.5%, and HER2 oncoprotein
expression was absent in 80.9% of patients (Table 4). Concerning
groups that received follow-up care, after treatment (T4 and T9),
65.2% underwent breast-conserving surgery, 89.9% underwent
radiation therapy, 55.6% underwent chemotherapy, and 68.7%
underwent endocrine therapy.

Table 3. Descriptive oncological characteristics of postmeno-
pausal women with breast cancer.

Status (n=395)

| 138 34.9

I 180 45.6

1 77 19.5
Axillary lymph node (n=402)

Negative 246 61.2

Positive 156 38.8
Estrogen Receptor (n=417)

Negative 94 22.5

Positive 323 77.5
Progesterone Receptor (n=417)

Negative 124 29.7

Positive 293 703
HER2 (n=409)

Negative 331 80.9

Positive 78 191
Ki67 (n=325)

<14% 109 33.5

>14% 216 66.5

HER 2: human epidermal growth factor receptor-2; Ki67: epithelial proli-
ferative activity.

DISCUSSION
In the current study, postmenopausal BC survivors had a worse met-
abolic health throughout oncological follow-up period. Impaired
metabolic health was mainly due to weight gain, in addition to
a significant risk of increased levels of TGs and blood pressure.
These are predictive factors for increased cardiovascular risk
and worse BC prognosis that determine a higher mortality*'%*,
Metabolic diseases are factors of poor oncological prognosis in
women treated for BC**¢1®18, On the other hand, these diseases
are associated with an increased risk for BC in postmenopausal
women'® and an increased risk of death from CVD in both pre-
menopausal and postmenopausal women treated for BC*?,
‘Women with a 9-year cancer follow-up had a higher BMI than
women with a4-year follow-up and those recently diagnosed with
BC. Since groups were matched for age and time since menopause,
weight gain was an important finding that provided a better under-
standing of the negative impact of BC on patient lifestyle. In agree-
ment with our results, a recent study, analyzing 140 women with
BC, observed a significant increase (25%) in BMI from diagnosis
to most recent follow-up, particularly among those who were over-
weight at diagnosis and among those up to 5 years since diagnosis*.
Chan et al.? evaluated the risk of death in 213,075 women at the
time of BC diagnosis, taking BMI into consideration. Those authors
demonstrated that women with a BMI>30 kg/m? (obese) were at a
higher risk of death than women with a BMI of 20-25 kg/m? (non-
obese) (OR=1.41,95%CI 1.29-1.53). Considering menopausal status,
obesity at the time of BC diagnosis was associated with a higher
risk of death in premenopausal women in comparison to post-
menopausal women in the long term (OR=1.75, 95%CI 1.26-2.41
vs. OR=1.34, 95%CI 1.18-1.53). The authors observed that the risk
of all-cause mortality in obese women is cumulative over time®.
Anincrease inrisk factors that have a negative impact on meta-
bolic health is intrinsically connected to alarge amount of visceral
fat due to its endocrine activities. Visceral fat tissue produces more
than 600 adipocytokines that regulate not only metabolic processes
including insulin secretion, hunger, satiety, and energy balance, but
also inflammatory processes™. Abdominal obesity resulting from
inadequate eating and sedentary behavior promotes dysfunctional
fat tissue with excess secretion of adipocytokines. In addition,

Table 4. Univariate binary logistic regression analysis between metabolic syndrome criteria at the three time points.

T9

BMI>25.0 kg/m? 0.55 0.33-0.91 0.019 113 0.66-1.94 0.659
HDL<50 mg/dL Ref 1.33 0.82-2.16 0.245 1.31 0.80-2.10 0.260
TG>150 mg/dL Ref 0.75 0.42-1.21 0.209 1.67 1.04-2.66 0.032
Glucose=100 mg/dL Ref 1.24 0.75-2.04 0.397 1.2 0.74-1.95 0.452
BP>130X85 mmHg Ref 1.96 1.21-3.19 0.007 2.04 1.27-3.26 0.003
MS positive Ref 1.34 0.83-2.16 0.230 1.24 0.78-1.97 0.360

BP: blood pressure; TG: triglycerides; HDL: high-density lipoprotein cholesterol; BMI: body mass index; MS: metabolic syndrome.
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altered secretion profileis characterized by increased levels of leptin,
interleukin (IL)-6, and tumor necrosis factor (TNF)-c. This meta-
bolic cascade leads to increased oxidative stress and reduction of
adiponectin, leading to low-grade chronic inflammation’. A recent
meta-analysis examined the effects of central obesity on BC. This
dose-response analysis showed that central obesity, as measured
by WC and WHR, was associated with both premenopausal and
postmenopausal BC risk and ER+/ER- BC risk. This study suggests
that women should prioritize body type management to prevent
BC*.Maintaining high percentages oflean body and appendicular
skeletal muscle mass and preventing an increase in fat mass may
be beneficial in preventing CVD in BC survivors®.

In our study, 45.6% of the women included had been diagnosed
with MetS. No difference in the occurrence of MetS was identified
between groups, according to follow-up duration. However, when
criteria were individually evaluated, arterial hypertension and
hypertriglyceridemia were more prevalent in the group with
the longest cancer follow-up. MetS is considered a risk factor for
poor prognosis in women treated for BC, with a worse overall and
specific survival'"®. Buono et al."%, following women with BC for
10 years, divided into two groups, with (n=173) or without Met$
(n=544), observed that the presence of MetS reduced overall sur-
vival (OR=3.01, 95%CI 1.72-5.28) and specific for BC (OR=3.16,
95%CI 1.64-6.07). The study also found that the isolated com-
ponents of MetS were correlated with worse survival. With the
exception of HDL-C<50 mg/dL, all other MetS components sig-
nificantly correlated with worse overall and BC-specific survival'®.

Dyslipidemia is a characteristic of MetS found in obese and
diabetic patients. An elevated total cholesterol, hypertriglyceri-
demia, and decreased HDL-C were associated with an increased
risk for cancer in 18%, 15%, and 20% of patients, respectively?.
In women treated for BC, dyslipidemia is associated with a worse
prognosis. In studies on mortality due to BC, the use of statins for
the treatment of dyslipidemia is beneficial for survival, suggesting
that cholesterol may promote tumor progression”. The Women’s
Health Initiative study indicated that the administration oflipo-
philic statins has contributed independently to the reduction in
advanced-stage BC, especially for patients with ER+ tumors®.

Increased serum levels of TGs and a higher prevalence of hyper-
triglyceridemia were identified in the group with the longest BC fol-
low-up. This finding may be associated with weight gain (statistically
relevant). However, a prolonged time of exposure to endocrine ther-
apy may also explain the lipid alteration. The majority of patients in
the study (77.7%) had receptor-positive tumors and received endo-
crine therapy. Tamoxifen, a selective estrogen receptor modulator
(SERM), exerts a favorable effect on lipid profile, decreasing total
serum cholesterol and LDL-C, despite alack of significant changes in
HDL-C*%, On the other hand, some studies have reported increased
levels of TGs and risk of hypertriglyceridemia in patients treated
with tamoxifen®®, Aromatase inhibitors (Als) induce an excessive
hypoestrogenic state and are directly correlated to increased levels
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of total cholesterol. The ATAC (Arimidex, Tamoxifen, Alone or in
Combination)* and the Breast International Group (BIG) 1-98%
studies reported a higher incidence of hypercholesterolemia in
patients treated with anastrozole and letrozole, respectively, when
compared to women treated with tamoxifen®*,

The higher prevalence of arterial hypertension in the 9-year
BC follow-up group reflects inadequate lifestyle and consequent
weight gain, resulting in an increased risk of death from CVD.
An observational study evaluated cardiovascular outcomes in
about half a million postmenopausal American women, with and
without BC (proportion of one BC patient to five controls without
cancer). Anincreased risk of arrythmia, cardiac failure, pericardi-
tis, and deep venous thrombosis persisted up to 5 years after can-
cer diagnosis. The authors concluded that women with a history
of BC are at an increased risk of CVD when compared to women
without cancer. Monitoring cardiovascular risk duringlong-term
follow-up of women treated for BC must be prioritized®. A study
observed a significantly increased risk of MetS, abdominal obe-
sity, atherosclerotic disease, diabetes, and hypertriglyceridemia
(important risk factors for CVD) in Brazilian postmenopausal
women treated for BC, when compared to women without can-
cer (groups matched for age, time since menopause, and BMI)".

The concept of longevity in patients treated for BC has been
well established. Strategies are required to improve quality oflife,
control complications, and prevent all-cause and cancer-specific
mortality". The longevity of women with luminal tumors was well
described in arecent meta-analysis that evaluated approximately
63,000 women aged <75 years with tumors measuring up to 5 cm,
treated for BC with adjuvant endocrine therapy. After 20 years
of follow-up, the authors demonstrated that 85% of women with
node-negative axilla were alive. Concerning distant recurrences,
86% of the women with tumor size up to 2 cm had no evidence
of metastases. Tumor grade was directly related to disease-free
survival, since 90% of the women with low-grade tumors showed
no metastases in the study period. The authors concluded that
women with early-stage tumors, positive hormone receptors,
and low histological grade had a good cancer prognosis after 5
years of endocrine therapy'. The population of women evaluated
in our study were considered to have a good cancer prognosis,
since 80.5% had early-stage disease (Stages I and II) and 77.5%
responded to endocrine therapy. Considering the favorable can-
cer prognosis in our study participants, it is important to focus
on lifestyle changes to improve metabolic health, decreasing
the risk of death from CVD and cancer-related complications.

The current study has some limitations. First, it was a cross-
sectional study, in which a causal-effect relationship could not
be established. Therefore, other non-controlled variables might
have influenced the results. Second, the study was conducted in a
single tertiary center that manages a reduced number of patients.
Third, the study was based on clinical and laboratory data from
a database retrieved from electronic medical records, without a
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control group. We understand that it might be more appropriate
to conduct a prospective cohort study of these same women at
different time periods after cancer diagnosis. Nevertheless, our
findings clearly show that weight gain occurred at different time
periods in the study participants with long-term cancer follow-
up after BC diagnosis. Weight gain was positively associated
with diseases linked to chronic inflammation, worse metabolic
health, and increased mortality risk in these women.

CONCLUSION

Postmenopausal BC survivors with a longer follow-up period
had worse metabolic health due to a higher risk of hypertriglyc-
eridemia, arterial hypertension, and obesity when compared to
women with a shorter oncological follow-up period.

REFERENCES

1. Pan H, Gray R, Braybrooke J, Davies C, Taylor C, McGale P,
et al. 20-year risks of breast-cancer recurrence after stopping
endocrine therapy at 5 years. N Engl ] Med. 2017;377(19):1836-
46. https://doi.org/10.1056/nejmoal701830

2. Simon MS, Beebe-Dimmer JL, Hastert TA, Manson JE,
Cespedes Feliciano EM, Neuhouser ML, et al. Cardiometabolic
risk factors and survival after breast cancer in the Women’s
Health Initiative. Cancer. 2018;124(8):1798-807. https://doi.
org/10.1002/cncr.31230

3. Chan DSM, Vieira AR, Aune D, Bandera EV, Greenwood DC,
McTiernan A, et al. Body mass index and survival in women
with breast cancer-systematic literature review and meta-
analysis of 82 follow-up studies. Ann Oncol. 2014;25(10):1901-
14. https://doi.org/10.1093/annonc/mdu042

4. Goyal A, Milner GE, Cimino-Mathews A, Visvanathan K, Wolff
AC, Sharma D, et al. Weight gain after hormone receptor-
positive breast cancer. Curr Oncol. 2022;29(6):4090-103.
https://doi.org/10.3390/curroncol29060326

5. Playdon MC, Bracken MB, Sanft TB, Ligibel JA, Harrigan M,
Irwin ML. Weight gain after breast cancer diagnosis and all-
cause mortality: systematic review and meta-analysis. ] Natl
Cancer Inst. 2015;107(12):djv275. https://doi.org/10.1093/jnci/
djv275

6. Pang Y, Wei Y, Kartsonaki C. Associations of adiposity and
weight change with recurrence and survival in breast cancer
patients: a systematic review and meta-analysis. Breast
Cancer. 2022;29(4):575-88. https://doi.org/10.1007/s12282-022-
01355-z

7. Howe LR, Subbaramaiah K, Hudis CA, Dannenberg AJ.
Molecular pathways: adipose inflammation as a mediator of
obesity-associated cancer. Clin Cancer Res. 2013;19(22):6074-
83. https://doi.org/10.1158/1078-0432.ccr-12-2603

8. Brown KA. Metabolic pathways in obesity-related breast
cancer. Nat Rev Endocrinol. 2021;17(6):350-63. https://doi.
org/10.1038/s41574-021-00487-0

AUTHORS' CONTRIBUTION

LABB: Conceptualization, Data curation, Formal anal-
ysis, Investigation, Methodology, Project administration,
Resources, Writing--original draft, Writing--review and
editing. DABB: Conceptualization, Project administration,
Supervision, Visualization, and Writing--review and edit-
ing. PGTA: Visualization, Writing--original draft, Writing--
review and editing. CPKCP: Data curation, Formal analysis,
Validation, Visualization, Writing--review and editing. ECP:
Data curation, Formal analysis, Validation, Visualization,
Writing—-review and editing. HMLV: Data curation, Formal
analysis, Validation, Visualization, Writing--review and edit-
ing. EAPN: Conceptualization, Data curation, Methodology,
Project administration, Validation, Visualization, Writing—-
review and editing.

9. Dong S, Wang Z, Shen K, Chen X. Metabolic syndrome and
breast cancer: prevalence, treatment response, and prognosis.
Front Oncol. 2021;11:629666.  https://doi.org/10.3389/
fonc.2021.629666

10. Buttros DAB, Branco MT, Orsatti CL, Almeida-Filho BS,
Nahas-Neto J, Nahas EAP. High risk for cardiovascular disease
in postmenopausal breast cancer survivors. Menopause.
2019;26(9):1024-10.https://doi.org/10.1097/gme.0000000000001348

11. GrafC, Ferrari N. Metabolic health-the role of adipo-myokines.
Int ] Mol Sci. 2019;20(24):6159. https://doi.org/10.3390/
ijms20246159

12. Yee LD, Mortimer JE, Natarajan R, Dietze EC, Seewaldt VL.
Metabolic health, insulin, and breast cancer: why oncologists
should care about insulin. Front Endocrinol (Lausanne).
2020;11:58. https://doi.org/10.3389/fendo.2020.00058

13. Matthews AA, Hinton SP, Stanway S, Lyon AR, Smeeth L,
Bhaskaran K, et al. Risk of cardiovascular diseases among
older breast cancer survivors in the United States: a matched
cohort study. J Natl Compr Canc Netw. 2021;19(3):275-84.
https://doi.org/10.6004/jnccn.2020.7629

14. Mehta LS, Watson KE, Barac A, Beckie TM, Bittner V, Cruz-
Flores S, et al. Cardiovascular disease and breast cancer:
where these entities intersect: a scientific statement from the
American Heart Association. Circulation. 2018;137(8):e30-e66.
https://doi.org/10.1161/cir.0000000000000556

15. Greenlee H, Iribarren C, Rana JS, Cheng R, Nguyen-Huynh M,
Rillamas-SunE, et al. Risk of cardiovascular disease in women
with and without breast cancer: the pathways heart study.
J Clin Oncol. 2022;40(15):1647-58. https://doi.org/10.1200/
jco.21.01736

16. Buono G, Crispo A, Giuliano M, De Angelis C, Schettini F,
Forestieri V, et al. Metabolic syndrome and early stage breast
cancer outcome: results from a prospective observational
study. Breast Cancer Res Treat. 2020;182(2):401-9. https://doi.
org/10.1007/s10549-020-05701-7

Mastology 2025;35:€20250021


https://doi.org/10.1056/nejmoa1701830
https://doi.org/10.1002/cncr.31230
https://doi.org/10.1002/cncr.31230
https://doi.org/10.1093/annonc/mdu042
https://doi.org/10.3390/curroncol29060326
https://doi.org/10.1093/jnci/djv275
https://doi.org/10.1093/jnci/djv275
https://doi.org/10.1007/s12282-022-01355-z
https://doi.org/10.1007/s12282-022-01355-z
https://doi.org/10.1158/1078-0432.ccr-12-2603
https://doi.org/10.1038/s41574-021-00487-0
https://doi.org/10.1038/s41574-021-00487-0
https://doi.org/10.3389/fonc.2021.629666
https://doi.org/10.3389/fonc.2021.629666
https://doi.org/10.1097/gme.0000000000001348
https://doi.org/10.3390/ijms20246159
https://doi.org/10.3390/ijms20246159
https://doi.org/10.3389/fendo.2020.00058
https://doi.org/10.6004/jnccn.2020.7629
https://doi.org/10.1161/cir.0000000000000556
https://doi.org/10.1200/jco.21.01736
https://doi.org/10.1200/jco.21.01736
https://doi.org/10.1007/s10549-020-05701-7
https://doi.org/10.1007/s10549-020-05701-7

Breast cancer survivors and metabolic health

17.

18.

19.

20.

21.

22.

24.

Buttros D, Nahas EA, Vespoli HL, Uemura G, Almeida BR,
Nahas Neto J. Risk of metabolic syndrome in postmenopausal
breast cancer survivors. Menopause. 2013;20(4):448-54.
https://doi.org/10.1097/gme.0b013e318272bd4a

Zhao P, Xia N, Zhang H, Deng T. The metabolic syndrome
is a risk factor for breast cancer: a systematic review and
meta-analysis. Obes Facts. 2020;13(4):384-96. https://doi.
org/10.1159/000507554

Motoki AH, Buttros DAB, Gaspar AL, Almeida-Filho BS,
Carvalho-Pessoa E, Vespoli HDL, et al. Association between
metabolic syndrome and immunohistochemical profile at
breast cancer diagnosis in postmenopausal women. Clin
Breast Cancer. 2022;22(2):e253-e261. https://doi.org/10.1016/].
clbc.2021.07.009

National = Comprehensive = Cancer  Network. ~NCCN
Guidelines Version 1.2021 Survivorship [Internet]. National
Comprehensive Cancer Network; 2021 [cited March 15m 2021].
Available from: https://www.nccn.org/survivorship

NCEP Expert Panel on the detection, evaluation, and treatment
of high blood pressure in adults. Executive summary of the
Third Report of the National Cholesterol Education Program
(NCEP). Adult Treatment Panel III. JAMA. 2001;285(19):2486-
97. https://doi.org/10.1001/jama.285.19.2486

Elston EW, Ellis 10. Method for grading breast cancer. ]
Clin  Pathol. 1993:46(2):189-90.  https://doi.org/10.1136/
jcp.46.2.189-b

3. Bonet C, Crous-Bou M, Tsilidis KK, Gunter M]J, Kaaks R,

Schulze MB, et al. The association between body fatness
and mortality among breast cancer survivors: results from a
prospective cohort study. Eur J Epidemiol. 2023;38(5):545-57.
https://doi.org/10.1007/s10654-023-00979-5

Kim JS, Song J, Choi S, Park SM. Changes in body
composition and subsequent cardiovascular disease
risk among 5-year breast cancer survivors. Front
Cardiovasc Med. 2023;10:1259292. https://doi.org/10.3389/
fcvm.2023.1259292

5. Chen H, Yuan M, Quan X, Chen D, Yang ], Zhang C, et al. The

relationship between central obesity and risk of breast cancer:

26.

27.

adose-response meta-analysis 0f7,989,315 women. Front Nutr.
2023;10:1236393. https://doi.org/10.3389/fnut.2023.1236393

Melvin JC, Holmberg L, Rohrmann S, Loda M, Van Hemelrijck
M. Serum lipid profiles and cancer risk in the context of
obesity: four meta-analyses. ] Cancer Epidemiol. 2013;82349.
https://doi.org/10.1155/2013/823849

Desai P, Lehman A, Chlebowski RT, Kwan ML, Arun M,
Manson JE, et al. Statins and breast cancer stage and mortality
in the Women’s Health Initiative. Cancer Causes Control.
2015;26(4):529-39. https://doi.org/10.1007/s10552-015-0530-7

28.Dewar JA, Horobin JM, Preece PE, Tavendale R, Tunstall-Pedoe

29.

30.

32.

33.

H, Wood RA. Long term effects of tamoxifen on blood lipid
values in breast cancer. BMJ. 1992;305(6847):225-6. https://doi.
org/10.1136/bmj.305.6847.225

Esteva FJ, Hortobagyi GN. Comparative assessment of lipid
effects of endocrine therapy for breast cancer: implications
for cardiovascular disease prevention in postmenopausal
women. Breast. 2006;15(3):301-12. https://doi.org/10.1016/j.
breast.2005.08.033

Hozumi Y, Kawano M, Saito T, Miyata M. Effect of tamoxifen
on serum lipid metabolism. J Clin Endocrinol Metab.
1998;83(5):1633-5. https://doi.org/10.1210/jcem.83.5.4753

. Liu CL, Yang TL. Sequential changes in serum triglyceride

levels during adjuvant tamoxifen therapy in breast cancer
patients and the effect of dose reduction. Breast Cancer Res
Treat.2003;79(1):11-6. https://doi.org/10.1023/a:1023348021773

Arimidex, Tamoxifen, Alone or in Combination (ATAC)
Trialists’ Group. Comprehensive side-effect profile of
anastrozole and tamoxifen as adjuvant treatment for early-
stage breast cancer: long-term safety analysis of the ATAC
trial. Lancet Oncol. 2006;7(8):633-43. https://doi.org/10.1016/
$1470-2045(06)70767-7

Coates AS, Keshaviah A, Thiirlimann B, Mouridsen H, Mauriac
L, Forbes JF, et al. Five years of letrozole compared with
tamoxifen as initial adjuvant therapy for postmenopausal
women with endocrine-responsive early breast cancer: update
of study BIG 1-98. J Clin Oncol. 2007;25(5):486-92. https://doi.
0rg/10.1200/jc0.2006.08.8617

© 2025 Brazilian Society of Mastology

This is an open access article distributed under the terms of the Creative Commons license.

Mastology 2025;35:620250021



https://doi.org/10.1097/gme.0b013e318272bd4a
https://doi.org/10.1159/000507554
https://doi.org/10.1159/000507554
https://doi.org/10.1016/j.clbc.2021.07.009
https://doi.org/10.1016/j.clbc.2021.07.009
https://www.nccn.org/survivorship
https://doi.org/10.1001/jama.285.19.2486
https://doi.org/10.1136/jcp.46.2.189-b
https://doi.org/10.1136/jcp.46.2.189-b
https://doi.org/10.1007/s10654-023-00979-5
https://doi.org/10.3389/fcvm.2023.1259292
https://doi.org/10.3389/fcvm.2023.1259292
https://doi.org/10.3389/fnut.2023.1236393
https://doi.org/10.1155/2013/823849
https://doi.org/10.1007/s10552-015-0530-7
https://doi.org/10.1136/bmj.305.6847.225
https://doi.org/10.1136/bmj.305.6847.225
https://doi.org/10.1016/j.breast.2005.08.033
https://doi.org/10.1016/j.breast.2005.08.033
https://doi.org/10.1210/jcem.83.5.4753
https://doi.org/10.1023/a
https://doi.org/10.1016/s1470-2045(06)70767-7
https://doi.org/10.1016/s1470-2045(06)70767-7
https://doi.org/10.1200/jco.2006.08.8617
https://doi.org/10.1200/jco.2006.08.8617

