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Effect of postoperative chemotherapy on blood glucose and lipid
metabolism in patients with invasive breast cancer
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Background: Chemotherapy can lead to abnormal metabolism and affect the quality of life of patients after
operation. Here we explore the effect of postoperative chemotherapy on blood glucose and lipid metabolism
in patients with invasive breast cancer and thus provide evidence for the prevention and treatment of blood
glucose and lipid disorders after surgery.

Methods: From January 2019 to December 2020, data from 141 patients with invasive breast cancer in our
hospital were retrospectively collected. The levels of fasting blood glucose and blood lipid profiles [including
total cholesterol, triglyceride, high-density lipoprotein (HDL), and low-density lipoprotein (LDL)] were
compared before and after chemotherapy. Meanwhile, the metabolic risk factors for abnormal blood glucose
and lipid profiles were analyzed.

Results: Fasting blood glucose levels significantly increased after treatment (5.21+0.89 vs. 4.87+0.71 mmol/L,
P=0.000), as did those of triglyceride (1.81£1.02 vs. 1.26+0.67 mmol/L, P=0.000), while HDL significantly
decreased (1.11+0.29 wvs. 1.32+0.33 mmol/L, P=0.000). There were no significant differences in the levels of
total cholesterol and LDL before and after treatment (P>0.05). Multivariate logistic regression analysis showed
that anthracycline-based chemotherapy was a protective factor for elevated fasting blood glucose [P=0.035,
95% CI: 0.248 (0.068-0.908)], whereas receiving >6 cycles of chemotherapy was a risk factor for elevated
fasting blood glucose (P=0.026, 95% CI: 4.036 (1.178-13.825)].

Conclusions: Postoperative chemotherapy can lead to the elevated triglyceride and fasting blood glucose
and decreased HDL in patients with breast cancer. Anthracycline-based chemotherapy is a protective factor
for the increase of fasting blood glucose, and more than 6 cycles of chemotherapy is a risk factor for the
increase of fasting blood glucose.
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Introduction survive for longer periods of time, with the condition being
. . . akin to a chronic disease. Thus, the quality of life after
Breast cancer is the most common malignancy in women,

and its prevalence has continued to rise (1-3). With breast cancer surgery has increasingly become a concern.

the advances in medical technology, the postoperative To lower the risk of breast cancer recurrence after surgery,
recurrence and mortality in women with breast cancer have postoperative chemotherapy is required for (I) patients
been significantly reduced (4,5), and most patients can with invasive tumors larger than 2 cm, (II) lymph node-
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positive patients, (III) hormone receptor-negative patients,
or (IV) human epidermal growth factor receptor 2 (HER2)-
positive patients. However, while killing residual tumor
cells, postoperative chemotherapy can also lead to a variety
of complications. Previous studies had confirmed that the
characteristics of blood lipid metabolism were different
between invasive breast cancer patients and benign breast
tumor patients. Moreover, patients with different molecular
types could have different characteristics of blood lipid
metabolism. Moreover, recent studies have shown that
neoadjuvant chemotherapy can cause abnormal glucose and
lipid metabolism in breast cancer patients (6,7). Therefore,
we hypothesized that postoperative chemotherapy on
blood glucose and lipid metabolism could also affect the
metabolism of glucose and lipid in invasive breast cancer
patients. However, the relevant data are still insufficient,
and therefore we designed and performed the current study
to clarify this issue. We present the following article in
accordance with the STROBE reporting checklist (available
at http://dx.doi.org/10.21037/gs-21-141).

Methods
General data

The clinical data of 141 invasive breast cancer patients who
were treated in our center from January 2019 to December
2020 were retrospectively collected. The inclusion criteria
were as follows: (I) with invasive breast cancer; (II) aged 18-
75 years; (III) receiving surgical treatment and subsequent
chemotherapy in our hospital; and (IV) with complete
clinicopathologic data. The exclusion criteria included the
following: (I) not undergoing standardized chemotherapy
as required; (II) with abnormal blood glucose and lipid
metabolism; (III) with hepatic and renal dysfunction;
(IV) with cardiac, cerebral, pulmonary, and/or other vital
organ dysfunction; (V) males with breast cancer; (VI) with
stage IV breast cancer at first presentation; (VII) with
metastatic or recurrent breast cancer; (VIII) with thyroid
disease; (IX) with accompanying malignant tumors; (X)
pregnant or lactating women; and (XI) with special types of
invasive breast cancer. A total of 141 patients with invasive
breast cancer treated with postoperative chemotherapy
were included during the study period according to the
inclusion and exclusion criteria. Individual consent for this
retrospective analysis was waived. The ethical approval
statement was not required due to the following reasons:
(I) the study protocol was consistent with the Declaration
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of Helsinki (as revised in 2013); (II) our study was a
retrospectively observational study, and we only studied
the clinical data of the patients, which would not bring any
harm to the patients; and (III) the personal information
provided by patients would not be disclosed.

Treatment regimens

At least 4 cycles of anthracycline-based chemotherapy regimen
or non-anthracycline-based chemotherapy regimen were
administered after surgery. At least 1 breast ultrasound was
performed every 2 cycles. Targeted therapy was used in human
epidermal growth factor receptor 2 (HER2)-positive patients,
and radiotherapy was offered to patients in the presence of the
following: (I) primary tumor with maximum diameter >5 cm,
or tumor invasion of breast skin or chest wall; (IT) >4 positive
axillary lymph nodes; (II) breast-conserving surgery; (IV) stage
T\, with 1-3 positive lymph nodes; (V) simple mastectomy
combined with sentinel lymph node biopsy for stage T,
breast cancer, with positive sentinel lymph nodes and without
subsequent axillary lymph node dissection.

Main measures

The main indicators included the following: (I) fasting blood
glucose; and (II) blood lipids status, including that of total
cholesterol, triglycerides, high-density lipoprotein (HDL),
and low-density lipoprotein (LDL). Other indicators
included age, body mass index, involved site(s), history of
diabetes, history of hypertension, and size of primary mass;
estrogen receptor (ER), progesterone receptor (PR), Ki-67,
HER?2, and lymph node metastasis status; type of surgical
procedure; total chemotherapy cycles; and the status of
axillary lymph node dissection, postoperative endocrine
therapy, radiotherapy, and chemotherapy regimen.

Definitions

The positive cutoffs for ER, PR, and Ki-67(%) were >210%,
>10%, and >14%, respectively. Increased triglycerides
or fasting glucose was defined as triglycerides or fasting
glucose being higher after chemotherapy than before
chemotherapy, while decreased HDL was defined as HDL
being lower after chemotherapy than before chemotherapy.

Quality control

In our study, we designed strict inclusion and exclusion
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Table 1 Clinical features of 141 patients with invasive breast cancer

treated with postoperative chemotherapy

Clinical features Values
Age (years) 49.13+9.65
Body mass index (kg/m?) 24.58+3.14
Mass size before surgery

Length (cm) 2.73+1.52

Width (cm) 2.07+1.21

Height (cm) 1.58+0.92
Total chemotherapy cycles 6.94+1.48
Chemotherapy regimen

Anthracycline-based chemotherapy 99 (70.21%)

regimen

Non-anthracycline-based chemotherapy
regimen

Site of breast cancer
Left
Right
History of diabetes
History of hypertension
ER positive
PR positive
Ki-67 positive
HER2
)
1+
(2+)
(3+)
Lymph node positive
Surgical procedures
Total mastectomy
Breast-conserving surgery
Axillary lymph node dissection
Endocrine therapy
Radiotherapy
Targeted therapy

42 (29.79%)

76 (53.90%)
65 (46.10%)
7 (4.96%)
20 (14.18%)
89 (63.12%)
85 (60.28%)
128 (90.78%)

20 (14.18%)
30 (21.28%)
60 (42.55%)
31 (21.99%)
80 (56.74%)

128 (90.78%)
13 (9.22%)
119 (84.40%)
94 (66.67%)
92 (65.25%)
40 (28.37%)

© Gland Surgery. All rights reserved.

Qi et al. Effect of chemotherapy on blood glucose and lipid metabolism

criteria. In addition, we chose objective indicators to avoid
recall bias. Finally, we chose two persons to input data
independently. If the data was inconsistent, a third person
would check it.

Statistical analysis

Statistical analysis was performed in the SPSS 22.0 software
package (IBM Corp.), and a P value of less than 0.05 was
considered statistically significant. Changes in glucose and
lipids before and after chemotherapy were analyzed using
paired samples 7-test, and the data are presented with mean
+ standard deviation. Risk factors for changes in glucose and
lipids in patients with invasive breast cancer were analyzed
using multivariate logistic regression analysis.

Results

Clinical features of 141 patients with invasive breast
cancer treated with postoperative chemotherapy

The clinical features of 141 patients with invasive breast
cancer are summarized in Table 1.

Comparison of glucose and lipids before and after
chemotherapy

Fasting blood glucose levels significantly increased after
treatment (5.21+0.89 vs. 4.87+0.71 mmol/L, P=0.000) as did
triglyceride levels (1.81+1.02 vs. 1.260.67 mmol/L, P=0.000),
while those of HDL significantly decreased (1.11£0.29 vs.
1.32+0.33 mmol/L, P=0.000). There were no significant
differences in the levels of total cholesterol and LDL before
and after treatment (P>0.05; Tizble 2 and Figure I).

Factors influencing blood glucose in patients with invasive
breast cancer treated with postoperative chemotherapy

Multivariate logistic regression analysis showed that
anthracycline-based chemotherapy was a protective factor
for elevated fasting blood glucose [P=0.035, 95% CI: 0.248
(0.068-0.908)], whereas receiving >6 cycles of chemotherapy
was a risk factor for elevated fasting blood glucose [P=0.026,
95% CI: 4.036 (1.178-13.825); Tble 3].
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Table 2 Comparison of glucose and lipids before and after chemotherapy (mmol/L)

. . Total cholesterol ) . Low-density High-density
Categories Fasting blood sugar (T0) Triglyceride lipoprotein lipoprotein
Before chemotherapy (n=141) 4.87+0.71 4.40+0.88 1.26+0.67 2.89+0.80 1.32+0.33
After chemotherapy (n=141) 5.21+0.89 4.45+0.82 1.81+1.02 2.92+0.80 1.11+0.29
t 5.427 0.915 8.478 0.591 9.539
P 0.000 0.362 0.000 0.556 0.000

6 P=0.000
5
4
3
P=0.000
P=0.000
2 C———

Fasting blood glucose total cholesterol

triglyceride
m Before chemotherapy

Low density lipoprotein high density lipoprotein
u After chemotherapy

Figure 1 Comparison of glucose and lipids before and after chemotherapy (mmol/L).

Table 3 Factors influencing blood glucose in patients with invasive breast cancer treated with postoperative chemotherapy

Factors B value Standard error Wald value P value 95% confidence interval
Constant coefficient 0.885 0.530 2.788 0.095 -

Endocrine therapy -0.248 0.488 0.258 0.612 0.781 (0.300-2.031)
Radiotherapy 0.380 0.456 0.695 0.404 1.463 (0.598-3.578)
Targeted therapy 0.594 0.480 1.534 0.216 1.811 (0.707-4.636)
Anthracycline-based chemotherapy regimen -1.394 0.662 4.435 0.035 0.248 (0.068-0.908)
>6 chemotherapy cycles 1.395 0.628 4.932 0.026 4.036 (1.178-13.825)

Factors influencing increased triglyceride in patients
with invasive breast cancer treated with postoperative
chemotberapy

The elevated triglycerides in patients with invasive
breast cancer treated with postoperative chemotherapy
was not significantly correlated with endocrine therapy,
radiotherapy, targeted therapy, chemotherapy regimen, or
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chemotherapy cycle (all P>0.05; Table 4).

Factors influencing reduction of HDL in patients
with invasive breast cancer treated with postoperative
chemotherapy

The decreased HDL in patients with invasive breast
cancer treated with postoperative chemotherapy was
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Table 4 Factors influencing increased triglyceride in patients with invasive breast cancer treated with postoperative chemotherapy

Factors B value Standard error Wald value P value 95% confidence interval
Constant coefficient 0.854 0.541 2.493 0.114 -

Endocrine therapy 0.063 0.512 0.015 0.903 1.065 (0.390-2.903)
Radiotherapy 0.207 0.494 0.176 0.675 1.230 (0.467-3.240)
Targeted therapy 0.515 0.527 0.954 0.329 1.673 (0.595-4.702)
Anthracycline-based chemotherapy regimen 0.767 0.788 0.948 0.330 2.154 (0.460-10.089)
>6 chemotherapy cycles -0.469 0.793 0.349 0.554 0.626 (0.132-2.961)

Table 5 Factors influencing reduction of HDL in patients with invasive breast cancer treated with postoperative chemotherapy

Factors B value Standard error Wald value P value 95% confidence interval
Constant coefficient 0.936 0.569 2.708 0.100 -

Endocrine therapy 0.017 0.528 0.001 0.975 1.017 (0.361-2.863)
Radiotherapy 0.398 0.496 0.642 0.423 1.488 (0.563-3.937)
Targeted therapy 1.005 0.598 2.825 0.093 2.732 (0.846-8.829)
Anthracycline-based chemotherapy regimen 0.101 0.752 0.018 0.893 1.106 (0.253-4.830)
>6 chemotherapy cycles -0.089 0.741 0.015 0.904 0.915 (0.214-3.906)

not significantly correlated with endocrine therapy,
radiotherapy, targeted therapy, chemotherapy regimen, or
chemotherapy cycle (all P>0.05; Table 5).

Discussion
Study findings

Postoperative chemotherapy reduces the postoperative
recurrence and mortality rates in patients with invasive
breast cancer and has played an important role in the
postoperative adjuvant treatment of invasive breast cancer.
However, chemotherapy is associated with a variety of
side effects. While the effects of chemotherapy on the
gastrointestinal tract, skin, hair, and bone marrow have
been widely investigated, few studies have been performed
that evaluate its effects on glucose and lipid metabolism. In
our current study, we explored the effects of postoperative
chemotherapy on blood glucose and lipids in patients
with invasive breast cancer and found postoperative
chemotherapy could lead to the increased levels triglyceride
and fasting blood glucose and decreased HDL in patients
with breast cancer. Further multivariate logistic regression
analysis showed that anthracycline-based chemotherapy was
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a protective factor for the increase of fasting blood glucose,
whereas more than 6 cycles of chemotherapy was a risk
factor for the increase of fasting blood glucose.

Effect of postoperative chemotherapy on blood lipids in
patients with invasive breast cancer

The relevant mechanisms remain unclear. Although
postoperative adjuvant chemotherapy can kill residual tumor
cells, it can also damage some normal tissue cells, causing
systemic oxidative stress and cellular catabolism, which may
produce abnormal lipids. Changes in lifestyle (e.g., diet and
exercise) during postoperative adjuvant chemotherapy for
breast cancer may also affect patients’ lipid metabolism.
Anthracycline-based chemotherapy regimens have been
shown to depress peroxisome proliferators, thus decreasing
ATP-binding cassette transporter Al (ABCAL) via an
activation of the peroxisomal proliferator activated receptor
v (PPARY) and liver X receptor o (LXRa) transcription
factors, which can result in blood lipid disorders (8).
Other research has shown that neoadjuvant chemotherapy
can cause a significant elevation of triglycerides, total
cholesterol, and LDL in breast cancer patients, with
anthracycline regimens having less impact on lipid profile
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compared to taxane-containing regimens (6). In our
current study, the triglyceride levels significantly increased
after chemotherapy (1.81£1.02 vs. 1.26+0.67 mmol/L,
P=0.000) whereas the levels of HDL significantly decreased
(1.11£0.29 vs. 1.32+0.33 mmol/L, P=0.000) in patients with
invasive breast cancer. There were no significant changes
in the levels of total cholesterol and LDL before and
after chemotherapy. One study found that chemotherapy
might also cause abnormalities in lipid metabolism in
breast cancer patients, especially in younger patients (7). In
another study, the incidence of dyslipidemia was shown to
be low in breast cancer patients, and chemotherapy resulted
in a significantly higher incidence of dyslipidemia; the
authors thus recommended that lipid metabolism should
be tested during chemotherapy (9). Dyslipidemia has been
shown to be associated with the efficacy and sensitivity of
chemotherapeutic treatment (10). In addition, dyslipidemia
can trigger cardiovascular diseases in breast cancer
patients (11-14). Therefore, blood lipids need to be closely
monitored and managed in patients undergoing adjuvant
chemotherapy for breast cancer.

Effect of postoperative chemotherapy on fasting blood
glucose in patients with invasive breast cancer

Chemotherapy may lead to weight gain in breast cancer
patients (15-18). Obesity not only leads to decreased quality
of life and increased incidence of cardiovascular disease
but also increases the risk of postoperative recurrence in
breast cancer patients (19). Abnormalities in adipokines,
insulin, and insulin-like growth factors have been suggested
as potential contributors to weight gain. Adipokines,
insulin, and insulin-like growth factors are all major factors
affecting glucose metabolism, and therefore adjuvant
chemotherapy can lead to abnormal glucose metabolism in
breast cancer patients. A study performed in 2009 showed
that neoadjuvant chemotherapy could lead to increased
blood glucose in patients (20). Similarly, in our current
study, the triglycerides were significantly increased after
chemotherapy, and further multivariate logistic regression
analysis showed that anthracycline-based chemotherapy
was a protective factor for elevated fasting blood glucose
[P=0.035,95% CI: 0.248 (0.068-0.908)], whereas more than
6 cycles of chemotherapy was a risk factor for the increase
of fasting blood glucose [P=0.026, 95% CI: 4.036 (1.178-
13.825)]. Anthracyclines (including adriamycin, epirubicin,
erythromycin, and aclacinomycin) are cardiotoxic but have
relatively small effects on blood glucose and lipid profiles.
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In contrast, long-course chemotherapy has greater effects
on adipokines, insulin, and insulin-like growth factors
and thus increases the risk for abnormally elevated blood
glucose.

Limitation

The number of patient samples in this study is too small,
and a large sample study is needed to confirm these results.
Moreover, due to the limitation of this retrospective
study, we failed to study the different effects of other
chemotherapy drugs on the glucose metabolism.

Summary

Anthracycline-based chemotherapy is a protective factor
for the increase of fasting blood glucose, and more than 6
cycles of chemotherapy is a risk factor for the increase of
fasting blood glucose.

Conclusions

Postoperative chemotherapy can lead to the elevated
triglyceride and fasting blood glucose and decreased
HDL in patients with breast cancer. Anthracycline-based
chemotherapy is a protective factor for the increase of fasting
blood glucose, and more than 6 cycles of chemotherapy is a
risk factor for the increase of fasting blood glucose.
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