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Abstract
Background: We previously reported that (neo)adjuvant chemotherapy adversely altered metabolic syndrome
(MetS) components, body composition, and related biomarkers after a 12 to 18-week chemotherapy treatment
course in women. Here, we sought to determine whether these measures worsened within 4–5 years post-chemo‑
therapy among the same sample of early stage breast cancer survivors.
Methods: Twenty-eight breast cancer survivors were reassessed within 4–5 years post-chemotherapy. Participants
were tested for MetS, lipid profile (total cholesterol; TC, low-density lipoprotein cholesterol; LDL-C), glucose metabo‑
lism (insulin, homeostatic model- insulin resistance; HOMA-IR, glycosylated hemoglobin; HbA1c), inflammation
(C-reactive protein; CRP) and body composition (body weight; BW, percent body fat; BF, fat mass; FM) during followup physical exams. A comparison of measurements between post-chemotherapy and follow-up periods was per‑
formed using repeated measures analysis of covariance.
Results: Most study patients were Caucasian (44%) or Hispanic (30%) with a mean age of 48.2 years. Average time
from completion of chemotherapy was 4.75 years. At follow-up, MetS components significantly increased (p < 0.01)
compared with the post chemotherapy assessment. Additionally, BF, FM, lipids (TC, LDL), glucose metabolism (HOMAIR, insulin, HbA1c), and inflammation (CRP) significantly increased (p < 0.01). Notably BW significantly increased; mean
weight gain after chemotherapy was 6.1 kg and increased an additional 8.2% at follow-up (p < 0.01).
Conclusion: MetS components, body composition, and biomarkers continued to worsen within 4–5 years postchemotherapy in breast cancer survivors. Energy balance interventions should target breast cancer patients to reduce
the exacerbation of MetS.
Keywords: Metabolic syndrome, Breast cancer, Body weight, Biomarkers
Introduction
Advancements in screening and (neo)adjuvant therapies are attributed with improvements in breast cancer survival [1]. Breast cancer survivors undergo an
onslaught of adverse treatment-associated side effects,
such as gains in body weight [2, 3], reductions in physical
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activity [4], and deteriorating metabolic profiles leading to an elevated risk of cardiovascular disease [5, 6]
and metabolic syndrome (MetS) [7, 8]. MetS is a collection of clinical features including hypertension, dyslipidemia, hyperglycemia, and abdominal obesity [9]. MetS
is a vastly prevalent disorder, impacting roughly 25% of
adults [10], and is associated with a two-fold higher risk
for cardiovascular disease and diabetes [11]. A person is
diagnosed with MetS when any three of the five following components are present (Table 1): (a) waist circumference (WC) ≥ 88 cm (35 in.); (b) elevated triglycerides
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Table 1 Criteria for the clinical diagnosis of metabolic syndrome
Measure
Elevated waist circumference
Elevated triglycerides

Categorical cutpoints
≥ 88 cm (35 in.)

≥ 150 mg/dL or on drug treatment for elevated triglycerides

Reduced HDL-C

< 40 mg/dL or on drug treatment for low HDL-C

Elevated blood pressure

≥ 130 mmHg systolic blood pressure or ≥ 85 mm Hg dias‑
tolic blood pressure or on antihypertensive treatment

Elevated fasting glucose

≥ 100 mg/dL or on drug treatment for elevated glucose

HDL-C high-density lipoprotein-cholesterol

(TRI) ≥ 150 mg/dL or on drug treatment for elevated
TRI; (c) reduced high-density lipoprotein cholesterol
(HDL-C) < 40 mg/dL or on drug treatment for low HDLC; (d) ≥ 130 mmHg systolic blood pressure or ≥ 85 mm
Hg diastolic blood pressure or on antihypertensive treatment; (e) elevated fasting blood glucose (BG) ≥ 100 mg/
dL or on drug treatment for elevated glucose [12]. MetS
and associated biomarkers, including excess body weight,
physical inactivity, insulin resistance, inflammation, and
disrupted adipokines, are associated with increased risks
of breast cancer, and subsequently all-cause mortality
and increased risk of breast recurrence in those diagnosed with breast cancer [13, 14].
MetS features worsen in breast cancer patients following chemotherapy, increasing their risk of death
from cardiovascular and metabolic diseases [15, 16]. In
fact, a previous report demonstrated that older women
(> 70 years of age) who had recently concluded treatments for breast cancer experienced weight gain (51% of
cases), hypertension (34%), peripheral vascular disease
(26%), and diabetes (13%) [17]. We previously reported
that in women without metabolic syndrome (MetS) at
baseline, (neo)adjuvant chemotherapy adversely altered
MetS components, body composition, and blood biomarkers related to inflammation and glucose metabolism
after a 12–18-weeks of (neo)adjuvant chemotherapy [8].
However, the persistent effects of chemotherapy on MetS
among breast cancer patients remain to be explored.
Therefore, the purpose of our study was to examine the
persistent (~ 4–5 years) effects of (neo)adjuvant chemotherapy on MetS components and related body composition and metabolic biomarkers among women diagnosed
with early stage breast cancer patients with no pre-existing MetS.

Methods
Patients

We previously executed a prospective observational
study that recruited women with newly diagnosed early
stage breast cancer from the Medical Oncology clinics at
the City of Hope [8]. This study was approved by the City

of Hope Institutional Review Board. Informed consent
was obtained from each participant prior to the baseline
visit. A research nurse screened all new breast cancer
patients for the following eligibility criteria: (1) women
with newly diagnosed, stage I-III breast cancer; (2)
age ≥ 18 years; (3) planned adjuvant chemotherapy following lumpectomy or mastectomy or planned neoadjuvant chemotherapy; (4) ability to sign informed consent.
Participation in this study did not influence the treatment
regimens women received. All patients received chemotherapy as determined by their treating oncologist.
Patients were ineligible if they had MetS at the time
of chemotherapy. If a patient had any three of the five
components, she was determined to have MetS (Table 1)
[12]. No additional eligibility criteria were applied to this
follow-up substudy. Further exclusion criteria included
≥ 10% weight loss within the previous 6 months or diagnosis of distant metastatic disease.
Study measurements

All follow-up study measurements were performed on
a single day during a follow-up medical oncology visit
(within 4–5 years after the completion of chemotherapy)
by trained research staff at the City of Hope.
Blood pressure: Blood pressure was measured at rest
(patient seated for 5 min) using an automated BP device
(Connex® ProBP™, Beaverton, OR) and was performed
twice to ensure accuracy. The average of the two values
was recorded and used to assess MetS.
Body composition: Height and weight measurements
were used to calculate body mass index (BMI) in kg/m2.
A portable hand-held bioelectrical impedance device
(Omron®; Hoffman Estates, IL) was used to assess body
composition (lean body mass, fat mass, and percent body
fat). Waist and hip circumferences were measured using
a measuring tape to determine the circumference of the
waist (centered at the navel) and hip (centered on the
greater trochanter), and used to calculate waist:hip ratio.
Biomarkers: A 12-h fasting blood sample was obtained
for glucose, insulin, lipid profile [total cholesterol (TC),
HDL-C, low-density lipoprotein cholesterol (LDL-C),
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and TRI], glycated hemoglobin (HbA1c), and C-reactive
protein (CRP). Insulin resistance was calculated using
the homeostatic model assessment (HOMA-IR): [fasting glucose (mg/dL) × fasting insulin (mg/dL)/405] [18].
Blood samples were analyzed at the City of Hope Clinical
Pathology Laboratory. Lipids, glucose, insulin, and CRP
assays were analyzed on the Vitros 4600 Analyzer (Ortho
Clinical Diagnostics, Rochester, NY) using microslide
technology. HbA1c was determined using high performance liquid chromatography (Diazyme, Poway, CA).
Number of MetS components: The average number of
MetS components was determined by assessing the mean
frequency at which each patient had a clinical feature of
MetS out of five total features.
Physical activity assessment: History of physical activity [19] was assessed to capture fluctuating levels of
physical activity throughout the lifetime including current levels, quantified as average minutes per week per
year over each 5-year period from school-aged (ages 5–9,
10–14, 15–19 years) through adulthood (20–24, 25–29,
30–34, 35–39 years, etc., up to the time of diagnosis).
Statistical analysis

Data were analyzed using SPSS version 18.0 (IBM,
Armonk, New York). Standard methods were used to
compute means, standard deviations (SDs), and frequencies. Paired sample t-tests were used to compare MetS,
anthropometric, and metabolic biomarkers before initiating chemotherapy, after completing chemotherapy, and
at follow-up. A comparison of means adjusting for age,
race, type of chemotherapy, duration of chemotherapy,
duration of follow-up, baseline BMI, and menopausal status was performed using repeated measures analysis of
covariance (ANCOVA). Bonferroni’s multiple comparison post hoc tests were used to compare mean values. All
statistical tests were conducted with two-sided alternative hypotheses, and p-values < 0.05 were considered statistically significant.

Results
Patient population

Over 4–5 years following chemotherapy, the 86 women
from our baseline sample were recruited to participate in
the follow-up visit. Reasons for lack of return to followup among those lost to follow-up (n = 58) were patient
refused visit (56%), did not return calls/emails (34%),
breast cancer recurrence (4%), metastatic disease (4%),
deceased (2%), residing out of the state or country (1%).
Table 2 presents the post-chemotherapy MetS variables
for those lost to follow-up and those who returned for
follow-up. There were no significant differences between
these groups upon completion of chemotherapy. Baseline follow-up characteristics are displayed in Table 3.
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Table 2 Post-chemotherapy MetS features among early stage
breast cancer patients
Variable

Lost to
follow-upa
(N = 58)

Waist circumference,
cm

Follow-upa (N = 28) P+

91.3 (10.9)

90.7 (11.2)

Systolic

132 (15)

128 (27)

Diastolic

92 (9)

90 (18)

Fasting blood glucose,
mg/dL

119.2 (27.8)

117.0 (37.0)

Triglycerides, mg/dL

130.9 (55.6)

128.7 (58.9)

53.9 (13.2)

50.6 (14.9)

P = 0.41

Blood pressure, mmHg

HDL-C, mg/dL

P = 0.32

P = 0.67
P = 0.44
P = 0.69

P = 0.56

HDL-C high-density lipoprotein-cholesterol
a

Mean (± SD)

+

Between group comparison

The mean age of the patients was 48.2 (± 10.1) years.
The majority of patients were Caucasian (45%) or Hispanic (30%), nonsmoking (95%), employed (80%), and
well-educated (90%). In general, the population was sedentary, averaging 47.2 (± 25.8) minutes of physical activity/week in the previous 12 months. The chemotherapy
regimens included dose dense cyclophosphamide and
doxorubicin followed by paclitaxel (42%), docetaxel
and cyclophosphamide (36%), carboplatin and paclitaxel (9%), cyclophosphamide and doxorubicin (7%) or
docetaxel, carboplatin, and trastuzumab (6%) patients.
The average duration of chemotherapy was 15.3 weeks
(± 2.7 weeks). The average duration of follow-up was 4.75
(± 0.65) years. Based on fasting blood glucose levels and
confirmed from medical record abstraction, prediabetes (64%) and diabetes (21%) affected the majority of our
sample.
Metabolic syndrome

Table 4 presents the individual components of MetS
after follow-up. All component of MetS statistically significantly worsened at follow-up (p < 0.01) even when
adjusted for age, race, type/duration of chemotherapy,
duration of follow-up, and BMI. The percent changes
observed ranged from 2.7% (waist circumference) to
17.9% (HDL-C) over the approximate 5-year duration of
follow-up. The number of MetS components did not significantly change from post-chemotherapy to follow-up
(p = 0.98).
Body composition

Follow-up body composition values are shown in Table 5.
All measures of body composition were statistically significantly worsened at follow-up when compared to
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Table 3 Baseline patient characteristics (N = 28)
Characteristic

Mean (± standard deviation)

Age, years

54.1 (10.2)

Race/ethnicity

Caucasian

Tobacco use

13 (45)

Asian

1 (7)

Hispanic

9 (30)

African American

2 (8)

Other

3 (10)

Never

14 (50)

Current
Marital status

1 (5)

Past

13 (45)

Married

23 (80)

Single/divorced

4 (15)

Widowed
Education level

1 (5)

High school or equivalent

10 (35)

College or postgraduate degree

15 (55)

Other
Employment status

3 (10)

Full-time

16 (60)

Part-time

6 (20)

Retired
Cancer stage

6 (20)

I

11 (40)

II

14 (50)

III
Surgery type

3 (10)

Mastectomy

13 (45)

Lumpectomy

10 (35)

N/A (neoadjuvant chemo)
Chemotherapy type

Diabetes status

N (%)

5 (20)

Doxorubicin/cyclophosphamide + pacli‑
taxel

13 (42)

Docetaxel/cyclophosphamide

11 (36)

Carboplatin + paclitaxel

2 (9)

Doxorubicin/cyclophosphamide

1 (7)

Docetaxel/cyclophosphamide/trastu‑
zumab

1 (6)

Free from disease

4 (15)

Pre-diabetic

18 (64)

Diabetic

6 (21)
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post-chemotherapy values (p < 0.01). The mean weight
gain during follow-up was 6.1 kg (± 2.4 kg). Lean body
mass was statistically significantly reduced at follow-up
when compared to post-chemotherapy values (p < 0.01).
Adverse changes in these anthropometric values
remained statistically significant when adjusted for age,
race, and type/duration of chemotherapy, and duration of
follow-up.
Metabolic biomarkers

Metabolic biomarkers are shown in Table 6. Notably, all
biomarkers, TC, LDL-C, HOMA-IR, insulin, HbA1c, and
CRP, were statistically significantly higher at follow-up
when compared to post-chemotherapy values (p < 0.001),
and remained statistically significantly elevated when
adjusted for age, race, and type/duration of chemotherapy, and duration of follow-up. The percent changes in
metabolic biomarkers observed varied from 10.6% (total
cholesterol) to 24.6% (CRP) over the approximate 5-year
duration of follow-up.

Discussion
This is the first study, to date, to comprehensively address
the persistent effect of (neo)adjuvant chemotherapy on
MetS and associated biomarkers in breast cancer survivors. Previous studies with smaller sample sizes have
reported MetS or its related components following
completion of breast cancer treatments [20–22]. Within
5 years of treatment completion, MetS persisted in more
than 85% of our study population. We also observed,
these patients remain susceptible to additional healthrelated concerns, including diabetes, cardiovascular
diseases, and cancer recurrence 4–5 years post-chemotherapy as noted by persistent weight gain, insulin resistance, and excess cholesterol. Our study highlights the
potential long-term metabolic dysregulation in the years
following completion of (neo)adjuvant chemotherapy.
These finding emphasize the critical need for research

Table 4 Follow-up changes in MetS after chemotherapy among early stage breast cancer patients
Variable
Waist circumference, cm

Pre-treatmenta

Post-treatmenta

Follow-upa

86.7 (12.9)

90.7 (11.2)

93.2 (12.2)

Systolic

122 (25)

128 (27)

Diastolic

83 (13)

90 (18)

% Change+

P+

2.7

P < 0.01

133 (25)

3.8

P < 0.01

94 (20)

4.3

Blood pressure, mmHg

Fasting blood glucose, mg/dL
Triglycerides, mg/dL
HDL-C, mg/dL
# MetS components

97.2 (19.8)

117.0 (37.0)

125.2 (41.0)

6.6

P < 0.01

108.7 (47.6)

128.7 (58.9)

144.6 (16.1)

11.0

P < 0.01

57.9 (12.0)

50.6 (14.9)

42.9 (16.8)

1.0 (0.5)

4.0 (1.0)

4.0 (1.0)

− 17.9

HDL-C high-density lipoprotein-cholesterol, MetS metabolic syndrome
a

Mean (± SD)

+

From post-treatment to follow-up

0.0

P < 0.01
P = 0.98
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Table 5 Follow-up changes in anthropometrics after following chemotherapy among early stage breast cancer patients
Variable

Pre-treatmenta

Post-treatmenta

Follow-upa

% Change+

P+

Height, cm

161.2 (7.4)

–

–

–

–

Weight, kg

69.2 (17.1)

74.7 (17.9)

80.8 (19.3)

8.2

P < 0.01

Body mass index, kg/m2

25.9 (6.3)

29.0 (7.0)

31.6 (7.9)

9.0

P < 0.01

Lean body mass, kg

45.8 (9.7)

47.1 (9.6)

43.5 (7.3)

2.9

P < 0.01

Fat mass, kg

23.6 (10.3)

27.6 (9.5)

31.5 (11.0)

12.3

P < 0.01

Body fat, %

33.1 (8.2)

36.0 (5.1)

39.3 (7.8)

8.3

P < 0.01

Hip circumference, cm

40.8 (4.3)

41.5 (7.4)

44.9 (8.8)

7.6

P < 0.01

Waist/hip ratio

0.84 (0.07)

1.1 (0.1)

1.4 (0.2)

21.4

P < 0.01

a

Mean (± SD)

+

From post-treatment to follow-up

Table 6 Follow-up changes in metabolic biomarkers after chemotherapy among early stage breast cancer patients
Variable

Pre-treatmenta

Post-treatmenta

Follow-upa

% Change+

P+

Lipid profile
Total cholesterol, mg/dL

185.5 (48.3)

201.9 (45.5)

225.8 (56.1)

10.6

< 0.01

LDL-C, mg/dL

100.5 (34.4)

111.1 (43.7)

134.5 (45.8)

17.4

< 0.01

Glucose metabolism
Fasting insulin, mIU/mL

18.9 (21.8)

32.6 (17.3)

36.9 (15.4)

11.7

< 0.01

HOMA-IR

4.52 (1.1)

9.4 (1.5)

11.4 (1.3)

17.5

< 0.01

HbA1c, %

5.4 (0.4)

5.9 (0.6)

6.7 (0.8)

11.9

< 0.01

0.37 (0.36)

0.49 (0.21)

0.65 (0.2)

24.6

< 0.01

Inflammation
CRP, mg/L

LDL-C low-density lipoprotein-cholesterol, HOMA-IR homeostatic model assessment-insulin resistance, HbA1c glycosylated hemoglobin, CRP C-reactive protein
a

Mean (± SD)

+

From post-treatment to follow-up

efforts to focus on large randomized controlled trials of
modifiable lifestyle factors to offset metabolic disturbances and improve prognosis, during and soon after
treatment completion, and also in the years shortly thereafter [23].
Notably, women without a breast cancer diagnosis
experience heightened risks of MetS and cardiovascular
disease (CVD) particularly during the menopausal transition, which typically occurs in early to mid-50 years
of age [24]. As the women in our sample are within this
age range, it is prudent to examine trends in disease
onset and progression. While there is a plethora of data
to support adverse changes in body composition, lipid
metabolism, insulin resistance, triglyceride levels as a
result of menopause, the rate of onset and progression is
highly variable with changes occurring within months to
years before and following menopause [24]. Nonetheless,
observational data reports a fourfold increase in CVD
risk in the 10 years following natural menopause [25],
thus in comparison our sample experienced an acceleration of said risk perhaps as a results of chemotherapy
exposure.

Weight gain at 1 year post-treatment have been previously reported yet here we documented an 8% (~ 5 kg)
increase in body weight at the 5-year follow-up. This surpasses the previously documented average of ~ 2–3 kg
post-chemotherapy [2, 26]. A recent prospective study
examining a cohort of breast cancer patients receiving
chemotherapy reported that lower BMI at diagnosis predicted larger subsequent weight gain post-treatment [27],
which perhaps explains the persistent weight gain in our
sample whom had a normal pre-chemotherapy BMI. In
our study, waist circumference significantly increased,
averaging 93.2 cm at follow-up, indicating the worsening
of central obesity during follow-up, which may drive the
exacerbated metabolic disturbances observed in our population, heightening the risk of all-cause mortality [28].
An additional detrimental finding from our study is
the enduring effect of chemotherapy on glucose metabolism. Fasting insulin increased by approximately 12%
and HOMA-IR increased by approximately 17% over the
5-year study duration. Among early stage breast cancer
patients, elevated levels of fasting insulin are associated
with distant recurrence and mortality [29] and while
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elevated HOMA-IR scores are associated with reductions in breast cancer survival and all-cause survival [14].
In accordance with the increase of insulin resistance
(HOMA-IR; 17.5%), is the progressive increase in HbA1c
(11.9%). Previously we reported the no significant alteration in HbA1c following chemotherapy yet 5-years posttreatment we observed a significant change, perhaps due
to the longer duration of follow-up.
Among the metabolic biomarkers, CRP levels worsened drastically at an increase of approximately 25%. As
CRP is indicator of inflammation and potential mediator of the obesity-cancer association, it is highly plausible that the continual worsening is attributable to
obesity [30] and insulin resistance [31] observed in our
sample. In accordance with the present study, CRP was
moderately-severely elevated (5.1 ± 5.3 mg/dL) in 91%
of overweight breast cancer survivors (n = 42) who were
using adjuvant hormone therapy [32]. Collectively, CRP
remains an important metabolic biomarker post-treatment, highly prone to worsening over time that should
be closely monitored throughout survivorship, in addition to insulin resistance, especially among obese, insulin
resistant breast cancer survivors.
There are several plausible mechanisms that could elucidate the observed persistent metabolic deterioration
approximately 5 years after chemotherapy in our study.
Weight gain remains a critical motivating factor as our
participants experienced approximately 8% gain in body
weight, 12% gain in fat mass, and 9% increase in BMI.
Thus, when classifying by BMI, an overweight sample
of survivors noted immediately following chemotherapy
was reclassified as obese 5 years later. Waist circumference, an indirect assessment of visceral adipose tissue, increased in our sample by approximately 3%, thus
potentially promoting the development of inflammation
[33] and insulin resistance [34, 35]. In addition, our sample experienced a 3% decline in lean body mass at followup, thus presenting with lower lean body mass compared
to pre-chemotherapy. Due to the positive role of skeletal
muscle tissue in the regulation of glucose metabolism
[36], this slight wasting may further contribute to the
persistent worsening of insulin resistance.
Given the profound metabolic disturbance observed
over the treatment trajectory, it is of importance to
consider non-pharmacologic approaches to offset said
comorbidities. Exercise is an effective non-pharmacologic strategy to mitigate cancer-related treatment side
effects [37, 38]. Combined aerobic and resistance exercise has shown to have beneficial outcomes on metabolic
disturbances [37, 39], however, few studies have focused
on the early survivorship period (≤ 6 months post-treatment) in order to prevent said disturbances from worsening, metabolically unhealthy and obese women, or tested
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a combined exercise program. We previously reported
that a 16-week combined aerobic and resistance exercise
intervention led to significant improvements in metabolic syndrome, sarcopenic obesity, circulating biomarkers, muscle strength, and psychosocial health among
metabolically unhealthy, obese, sedentary breast cancer
survivors who had completed cytotoxic treatment in the
previous 6 months [40]. Despite these promising results,
it remains to be determined as to whether exercise can
elicit sustained benefits on all-cause mortality among
breast cancer survivors.
We acknowledge limitations of our study. First, we
did not assess dietary intake at the follow-up assessment because participants perceived it as overly burdensome at the earlier time points. Second, although
our initial sample size was the largest to date to study
MetS during chemotherapy, only approximately 33% of
our original sample participated in the follow-up measures, representing a smaller cohort of women previously treated for breast cancer. Third, our sample did not
include a large percentage of Asian or African American patients. Fourth, there is potential bias in our sample as the patients who did complete follow-up may
have been healthier given their willingness to return to
clinic, and thus our data underrepresents the metabolic
deterioration of our entire sample obtained at the prechemotherapy assessment. Finally, our study is void of a
control group to assess whether the patients would have
experienced these persistent changes in the absence of
chemotherapy.

Conclusion
In conclusion, breast cancer patients who underwent
(neo)adjuvant chemotherapy experienced persistent
metabolic dysregulation as noted by the exacerbation of
MetS, body composition, and glucose metabolism from
immediately following chemotherapy to approximately
5 years following the completion of chemotherapy. Our
findings suggest the need to strategize lifestyle interventions to counterbalance these negative metabolic effects
or to introduce as preventive measures prior to, during,
and following treatments for breast cancer.
Abbreviations
ANCOVA: Analysis of covariance; BF: Percent body fat; BG: Blood glucose; BMI:
Body mass index; BP: Blood pressure; BW: Body weight; CRP: C-reactive protein;
FM: Fat mass; HbA1c: Hemoglobin A1c (glycated hemoglobin); HDL-c: High
density lipoprotein-cholesterol; HOMA-IR: Homeostatic model-insulin resist‑
ance; LDL-C: Low density lipoprotein-cholesterol; MetS: Metabolic syndrome;
SD: Standard deviation; TC: Total cholesterol; TRI: Triglycerides; WC: Waist
circumference.
Acknowledgements
Not applicable.

Dieli‑Conwright et al. Diabetology & Metabolic Syndrome

(2022) 14:36

Authors’ contributions
CDC secured funding, analyzed data. CDC, SW, LW, JM: data collection, manu‑
script writing. All authors read and approved the final manuscript.
Funding
Salary support provided by K07CA160718 from the National Cancer Institute
(PI: Dieli-Conwright).
Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
This study was approved by the City of Hope Institutional Review Board.
Informed consent was obtained from each participant prior to the baseline
visit.
Consent for publication
Signed informed consents have been obtained from all participants.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Division of Population Sciences, Dana‑Farber Cancer Institute, Harvard Medi‑
cal School, 375 Longwood Avenue, Boston, MA 02215, USA. 2 Division of Medi‑
cal Oncology and Experimental Therapeutics, City of Hope Comprehensive
Cancer Center, Duarte, CA, USA. 3 Department of Medicine, Stanford University
School of Medicine, Stanford, CA, USA.
Received: 8 December 2021 Accepted: 16 February 2022

References
1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA Cancer J Clin.
2020;70(1):7–30.
2. Demark-Wahnefried W, Peterson BL, Winer EP, Marks L, Aziz N, Marcom
PK, et al. Changes in weight, body composition, and factors influencing
energy balance among premenopausal breast cancer patients receiving
adjuvant chemotherapy. J Clin Oncol. 2001;19(9):2381–9.
3. Fang Q, Huang J, Gan L, Shen K, Chen X, Wu B. Weight gain during neo‑
adjuvant chemotherapy is associated with worse outcome among the
patients with operable breast cancer. J Breast Cancer. 2019;22(3):399–411.
4. Irwin ML, Crumley D, McTiernan A, Bernstein L, Baumgartner R, Gilliland
FD, et al. Physical activity levels before and after a diagnosis of breast
carcinoma: the health, eating, activity, and lifestyle (HEAL) study. Cancer.
2003;97(7):1746–57.
5. Boerman LM, Maass S, van der Meer P, Gietema JA, Maduro JH, Hummel
YM, et al. Long-term outcome of cardiac function in a population-based
cohort of breast cancer survivors: a cross-sectional study. Eur J Cancer.
2017;81:56–65.
6. Bradshaw PT, Stevens J, Khankari N, Teitelbaum SL, Neugut AI, Gammon
MD. Cardiovascular disease mortality among breast cancer survivors.
Epidemiology. 2016;27(1):6–13.
7. Guinan EM, Connolly EM, Healy LA, Carroll PA, Kennedy MJ, Hussey J. The
development of the metabolic syndrome and insulin resistance after
adjuvant treatment for breast cancer. Cancer Nurs. 2013;37(5):355–62.
8. Dieli-Conwright CM, Wong L, Waliany S, Bernstein L, Salehian B, Mortimer
JE. An observational study to examine changes in metabolic syndrome
components in patients with breast cancer receiving neoadjuvant or
adjuvant chemotherapy. Cancer. 2016;122(17):2646–53.
9. de Haas EC, Oosting SF, Lefrandt JD, Wolffenbuttel BH, Sleijfer DT,
Gietema JA. The metabolic syndrome in cancer survivors. Lancet Oncol.
2010;11(2):193–203.

Page 7 of 8

10. Grundy SM. Metabolic syndrome pandemic. Arterioscler Thromb Vasc
Biol. 2008;28(4):629–36.
11. Gami AS, Witt BJ, Howard DE, Erwin PJ, Gami LA, Somers VK, et al. Meta‑
bolic syndrome and risk of incident cardiovascular events and death: a
systematic review and meta-analysis of longitudinal studies. J Am Coll
Cardiol. 2007;49(4):403–14.
12. Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin BA,
et al. Diagnosis and management of the metabolic syndrome: an Ameri‑
can Heart Association/National Heart, Lung, and Blood Institute scientific
statement: executive summary. Crit Pathw Cardiol. 2005;4(4):198–203.
13. Goodwin PJ, Ennis M, Pritchard KI, Trudeau ME, Koo J, Taylor SK, et al.
Insulin- and obesity-related variables in early-stage breast cancer:
correlations and time course of prognostic associations. J Clin Oncol.
2012;30(2):164–71.
14. Duggan C, Irwin ML, Xiao L, Henderson KD, Smith AW, Baumgartner RN,
et al. Associations of insulin resistance and adiponectin with mortality in
women with breast cancer. J Clin Oncol. 2011;29(1):32–9.
15. Agnoli C, Berrino F, Abagnato CA, Muti P, Panico S, Crosignani P, et al.
Metabolic syndrome and postmenopausal breast cancer in the ORDET
cohort: a nested case-control study. Nutr Metab Cardiovasc Dis.
2010;20(1):41–8.
16. Healy LA, Ryan AM, Carroll P, Ennis D, Crowley V, Boyle T, et al. Metabolic
syndrome, central obesity and insulin resistance are associated with
adverse pathological features in postmenopausal breast cancer. Clin
Oncol. 2010;22(4):281–248.
17. Girones R, Torregrosa D, Diaz-Beveridge R. Comorbidity, disability and
geriatric syndromes in elderly breast cancer survivors. Results of a singlecenter experience. Crit Rev Oncol Hematol. 2010;73(3):236–45.
18. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC.
Homeostasis model assessment: insulin resistance and beta-cell function
from fasting plasma glucose and insulin concentrations in man. Diabeto‑
logia. 1985;28(7):412–9.
19. Kriska AM, Knowler WC, LaPorte RE, Drash AL, Wing RR, Blair SN, et al.
Development of questionnaire to examine relationship of physical activ‑
ity and diabetes in Pima Indians. Diabetes Care. 1990;13(4):401–11.
20. Guinan EM, Connolly EM, Healy LA, Carroll PA, Kennedy MJ, Hussey J. The
development of the metabolic syndrome and insulin resistance after
adjuvant treatment for breast cancer. Cancer Nurs. 2014;37(5):355–62.
21. Bicakli DH, Varol U, Degirmenci M, Tunali D, Cakar B, Durusoy R, et al.
Adjuvant chemotherapy may contribute to an increased risk for meta‑
bolic syndrome in patients with breast cancer. J Oncol Pharm Pract.
2014;22(1):46–53.
22. Bell KE, Di Sebastiano KM, Vance V, Hanning R, Mitchell A, Quadrilatero J,
et al. A comprehensive metabolic evaluation reveals impaired glucose
metabolism and dyslipidemia in breast cancer patients early in the
disease trajectory. Clin Nutr. 2014;33(3):550–7.
23. Goodwin PJ, Ambrosone CB, Hong CC. Modifiable lifestyle factors and
breast cancer outcomes: current controversies and research recommen‑
dations. Adv Exp Med Biol. 2015;862:177–92.
24. Carr MC. The emergence of the metabolic syndrome with menopause. J
Clin Endocrinol Metab. 2003;88(6):2404–11.
25. Gohlke-Barwolf C. Coronary artery disease—is menopause a risk factor?
Basic Res Cardiol. 2000;95(Suppl 1):I77-83.
26. Nissen MJ, Shapiro A, Swenson KK. Changes in weight and body compo‑
sition in women receiving chemotherapy for breast cancer. Clin Breast
Cancer. 2011;11(1):52–60.
27. Gandhi A, Copson E, Eccles D, Durcan L, Howell A, Morris J, et al. Predic‑
tors of weight gain in a cohort of premenopausal early breast cancer
patients receiving chemotherapy. Breast. 2019;45:1–6.
28. George SM, Bernstein L, Smith AW, Neuhouser ML, Baumgartner KB,
Baumgartner RN, et al. Central adiposity after breast cancer diagnosis
is related to mortality in the health, eating, activity, and lifestyle study.
Breast Cancer Res Treat. 2014;146(3):647–55.
29. Goodwin PJ, Ennis M, Pritchard KI, Trudeau ME, Koo J, Madarnas Y, et al.
Fasting insulin and outcome in early-stage breast cancer: results of a
prospective cohort study. J Clin Oncol. 2002;20(1):42–51.
30. Ford ES. The metabolic syndrome and C-reactive protein, fibrinogen, and
leukocyte count: findings from the third national health and nutrition
examination survey. Atherosclerosis. 2003;168(2):351–8.
31. Yudkin JS, Stehouwer CD, Emeis JJ, Coppack SW. C-reactive protein
in healthy subjects: associations with obesity, insulin resistance, and

Dieli‑Conwright et al. Diabetology & Metabolic Syndrome

32.

33.
34.
35.
36.
37.

38.

39.

40.

(2022) 14:36

Page 8 of 8

endothelial dysfunction: a potential role for cytokines originating from
adipose tissue? Arterioscler Thromb Vasc Biol. 1999;19(4):972–8.
Thomson CA, Thompson PA, Wright-Bea J, Nardi E, Frey GR, Stopeck
A. Metabolic syndrome and elevated C-reactive protein in breast
cancer survivors on adjuvant hormone therapy. J Womens Health.
2009;18(12):2041–7.
Salehian BaM V. The crossroad of inflammation and diabetes: role of
toll-like receptor. Int J Diabetes Clin Res. 2015. https://doi.org/10.1007/
s11892-012-0258-7.
Galic S, Oakhill JS, Steinberg GR. Adipose tissue as an endocrine organ.
Mol Cell Endocrinol. 2010;316(2):129–39.
Despres JP, Lemieux I. Abdominal obesity and metabolic syndrome.
Nature. 2006;444(7121):881–7.
Dev R, Bruera E, Dalal S. Insulin resistance and body composition in
cancer patients. Ann Oncol. 2018;29(suppl_2):ii18–26.
Courneya KS, Segal RJ, Mackey JR, Gelmon K, Friedenreich CM, Yasui Y,
et al. Effects of exercise dose and type on sleep quality in breast cancer
patients receiving chemotherapy: a multicenter randomized trial. Breast
Cancer Res Treat. 2014;144(2):361–9.
Courneya KS, Sellar CM, Trinh L, Forbes CC, Stevinson C, McNeely ML, et al.
A randomized trial of aerobic exercise and sleep quality in lymphoma
patients receiving chemotherapy or no treatments. Cancer Epidemiol
Biomark Prev. 2012;21(6):887–94.
Rogers LQ, Fogleman A, Trammell R, Hopkins-Price P, Vicari S, Rao K, et al.
Effects of a physical activity behavior change intervention on inflam‑
mation and related health outcomes in breast cancer survivors: pilot
randomized trial. Integr Cancer Ther. 2013;12(4):323–35.
Dieli-Conwright CM, Courneya KS, Demark-Wahnefried W, Sami N,
Lee K, Buchanan TA, et al. Effects of aerobic and resistance exercise on
metabolic syndrome, sarcopenic obesity, and circulating biomarkers in
overweight or obese survivors of breast cancer: a randomized controlled
trial. J Clin Oncol. 2018;36(9):875–83.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

