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Background: Previous studies indicated that the (neo)adjuvant chemotherapy for breast 
cancer can cause significant dyslipidemia in patients, but how long this abnormality can 
persist is unclear so far. The purpose of this study is to investigate whether (neo)adjuvant 
chemotherapy has a long-term effect on blood lipids in breast cancer patients.
Methods: A total of 159 newly diagnosed female breast cancer patients receiving the (neo) 
adjuvant chemotherapy subsequently and 159 female healthy controls were enrolled into the 
observational study. All participants’ blood lipid profiles which included TC, TG, HDL-C, 
and LDL-C before and at the end of the 1st and 12th month after chemotherapy were 
retrieved from the electronic medical record system. The blood lipid profiles and the 
percentage of dyslipidemia before and after chemotherapy in breast cancer patients and 
controls were compared.
Results: Compared with the baseline before chemotherapy, TC, LDL-C, and TG increased 
significantly at the end of the 1st month after chemotherapy, but only the abnormal increase 
in TG (2.98±0.71 mmol/L vs 2.82±0.63 mmol/L, P<0.05) and LDL-C (1.82±0.42 mmol/L vs 
1.59±0.42 mmol/L, P<0.05) continued until the 12th month after chemotherapy. Levels of 
HDL-C in breast cancer patients and all the blood lipid parameters in controls remained 
stable during the observation period. The percentage of dyslipidemia in breast cancer patients 
rose from 41.5% at baseline to 54.1% at the 12th month after chemotherapy. Subgroup 
analysis demonstrated that the increase in dyslipidemia percentage was more pronounced in 
patients with low body mass index and aged over 50 years.
Conclusion: The (neo)adjuvant chemotherapy used for treating breast cancers can cause 
significant abnormalities in blood lipid profiles, and the abnormal increase in LDL-C and TG 
can last at least 12 months after chemotherapy, which indicates long-term management of 
blood lipid is necessary for those patients.
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Introduction
Breast cancer has become the most frequently diagnosed malignant tumor and 
the second leading cause of cancer-related death among women worldwide.1–3 

Because of the huge advances in breast cancer treatment including the (neo) 
adjuvant chemotherapy over the past few decades, the breast cancer survival 
rate has improved significantly.3,4 However, due to the toxic and side effects of 
(neo)adjuvant chemotherapy drugs on cardiovascular system, and that many risk 
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factors are shared by breast cancer and cardiovascular 
disease, cardiovascular disease has become the leading 
cause of death for breast cancer survivors.5,6 Well man-
agement of cardiovascular risk factors for a long time 
may be an important measure to improve the prognosis of 
breast cancer survivors. Extensive literature have 
reported that those commonly used drugs for (neo)adju-
vant chemotherapy, such as anthracycline and taxane, can 
cause significant dyslipidemia in breast cancer patients 
after chemotherapy,7–9 which is the most well known risk 
factor for cardiovascular disease. At the same time, there 
is growing evidence showing that dyslipidemia is unfa-
vorable for the prognosis of breast cancer.10,11 However, 
most of those studies only focus on change in blood lipid 
profiles before and shortly after chemotherapy and few 
researchers have been able to draw on any structured 
research into long-term evaluation of blood lipid levels 
after chemotherapy. Based on the above, the present 
study intended to observe the change of blood lipid 
profiles in patients with breast cancer within 12 months 
after completing all cycles of chemotherapy, so as to add 
new evidence to the importance of strengthening long- 
term lipid management after (neo)adjuvant chemotherapy 
in breast cancer patients.

Methods
Study Population
This was a single-centered observational study conducted 
from March 2016 to August 2018 in the First Affiliated 
Hospital of Chongqing Medical University (CQMU). 
Adult females who were histologically diagnosed as breast 
cancer in this period were invited to participate in the 
current study continuously and excluded from the follow-
ing situations: the presence of other cancers; a known 
family history of dyslipidemia or having received drugs 
affecting lipid levels or combined with diseases that affect 
blood lipid metabolism or need blood lipid management, 
such as atherosclerotic cardiovascular and cerebrovascular 
diseases, diabetes, chronic liver disease, etc.; receiving 
combined endocrine therapy. In total, 159 women who 
met all the above criteria were enrolled. A control group 
was made up of 159 adult female volunteers of a similar 
age and no major diseases history who had not received 
any chemotherapy. In the current study, the (neo)adjuvant 
chemotherapy includes both adjuvant chemotherapy that is 
postoperative chemotherapy and neoadjuvant chemother-
apy that is preoperative chemotherapy.

The contents and purposes of this study were thor-
oughly explained to the participants prior to the study, 
and written consent was obtained from all of them. The 
study protocols were made according to the Declaration of 
Helsinki and received ethical approval from the First 
Affiliated Hospital of CQMU.

Data Collection and Biochemical 
Variables Determination
All clinical data were collected from the electronic medical 
records by two independent investigators. Height and weight 
were measured to the nearest 0.1 cm and 0.1 kg, respectively, 
when participants stood upright and barefoot in light clothes. 
Body mass index (BMI) was calculated as body weight (kg) 
divided by the squared height (m2). Total cholesterol (TC), 
triglycerides (TG), high-density lipoprotein cholesterol 
(HDL-C), and low-density lipoprotein cholesterol (LDL-C) 
levels were detected using fasting blood before and at the end 
of the 1st and 12th month after chemotherapy. Enzymatic 
methods were used to measure TC and TG levels, while 
homogeneous enzyme colorimetry methods were used to 
measure HDL-C and LDL-C levels. All the biochemical 
variables were tested in the central laboratory of the First 
Affiliated Hospital of CQMU on automatic biochemical 
analyzers (Roche Cobas C701, Basel, Switzerland). 
Dyslipidemia was defined as fasting serum TC>5.2 mmol/L 
or TG>1.7 mmol/L or LDL-C>3.1 mmol/L or HDL-C<1.0 
mmol/L.12,13 The chemotherapy regiments the patients 
received in the present study included TAC (docetaxel, dox-
orubicin, and cyclophosphamide, cycled every 3 weeks for 
six cycles), AC-T (doxorubicin and cyclophosphamide, 
cycled every 3 weeks for four cycles, followed by docetaxel, 
cycled every 3 weeks for four cycles) and CEF (5-fluorour-
acil, epirubicin and cyclophosphamide, cycled every 3 weeks 
for six cycles).

Data Analysis
All data analysis was performed using the SPSS (version 
19.0, IBM, Armonk, NY, USA). Continuous variables were 
presented as mean±standard deviation (SD) and categorical 
variables as frequency (proportion). In the descriptive analy-
sis, the basic characteristics of the breast cancer and normal 
controls were presented and compared. Continuous variables 
were compared with Student’s t-test or non-parametric tests 
based on distributional properties. Categorical variables were 
compared with χ2 test. All statistical tests were two-sided, 
and P-value<0.05 was regarded as significant.
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Results
Basic Characteristics of the Breast 
Cancer Patients and Controls
As shown in Table 1, the average age of breast cancer 
patients and controls was 48.42±9.86 years and 48.71 
±9.10 years, respectively. The proportion of premenopau-
sal women was slightly higher in controls than breast 
cancer patients (40.2% vs 38.4%, P>0.05). The rates of 
smoking and alcohol drinking among breast cancer 
patients are very low (5.7% and 13.2%), and there is no 
significant difference from the controls. In addition, breast 
cancer patients had a higher BMI compared with the 

controls (24.22±4.12 vs 22.19±3.27 kg/m2; P<0.05). 
Most of the patients were at stage I and II (77.3%), and 
no stage IV patients were enrolled. The most commonly 
used chemotherapy regimen is TAC (67.9%), followed by 
ACT (28.9%). And 40.9% of the breast cancer patients 
underwent breast-conserving surgery in the end. The pre-
valence of positive HER-2 and ER in enrolled breast 
cancer patients is 30.8% and 61.6%, respectively.

The Change of Blood Lipid Profiles 
Before and After the (Neo)adjuvant 
Chemotherapy
Table 2 shown the changes of blood lipids before and at 
the 1st month and 12th month after (neo)adjuvant che-
motherapy. In the breast cancer patients, with the excep-
tion of HDL-C, the levels of TC, TG, and LDL-C were all 
significantly increased at the end of the 1st month after 
chemotherapy compared with baseline before chemother-
apy (all P<0.05). Among them, the change in LDL-C 
levels was the most significant, with a 45.9% increase 
compared to baseline (1.59±0.42 vs 2.32±0.31, P<0.05). 
At the end of the12th month after chemotherapy, the levels 
of TC, TG, and LDL-C fell somewhat but were still above 
the baseline level. It should be noted that the TC level at 
the 12th month after chemotherapy was no longer statisti-
cally significant compared to baseline. HDL-C remained 
stable before and after chemotherapy. At the 12th month 
after chemotherapy, HDL-C was even slightly below base-
line. In the control group, all the above-mentioned blood 
lipid indexes did not have any statistically significant 
change during the follow-up period.

The Change of Dyslipidemia Percentage 
Before and After the (Neo)adjuvant 
Chemotherapy Stratified by Age, BMI, 
and Chemotherapy Regimens
As shown in Table 3, the total percentage of dyslipidemia 
increased by 23.3% from baseline of 41.5–64.8% at the 
end of the 1st month after chemotherapy, but fell back to 
54.1% at the 12th month. Patients were grouped according 
to age, BMI, and chemotherapy regimen and the trends of 
change in the proportion of dyslipidemia in each subgroup 
was further analyzed.

The effect of chemotherapy on dyslipidemia seemed to 
be related to age. In patients aged between 20–39 years, 
the changes in dyslipidemia did not reach statistical 

Table 1 Participants’ Demographics and Baseline Characteristics

Breast Cancer 
Patients (n=159)

Controls 
(n=159)

P

Age (years) 48.42±9.86 48.71±9.10 0.892

BMI (kg/m2) 24.22±4.12 22.19±3.27 <0.05

Premenopausal 
(n, %)

61 (38.4) 64 (40.2) 0.818

Smoking (n, %) 9 (5.7) 7 (4.4) 0.798

Alcohol drinking 
(n, %)

21 (13.2) 17 (10.7) 0.604

Stage of breast 
cancer

I 50 (31.4) – –

II 73 (45.9) – –
III 36 (22.6) – –

IV 0 – –

Chemotherapy 

regimens

TAC 108 (67.9) – –
AC-T 46 (28.9) – –

CEF 5 (3.1) – –

Beast surgery – –

Lumpectomy 65 (40.9) – –

Mastectomy 94 (59.1) – –

HER-2 status

Positive 49 (30.8) – –

ER status

Positive 98 (61.6) – –

Notes: P<0.05 was regarded as statistically significant. Continuous variables were 
compared with two-sampled Student’s t-test and categorical variables were com-
pared with χ2 test. 
Abbreviations: BMI, body mass index; TAC, docetaxel, doxorubicin, cyclopho-
sphamide; AC-T, doxorubicin, cyclophosphamide, docetaxel; CEF, 5-fluorouracil, 
epirubicin, cyclophosphamide; HER-2, human epidermal growth factor receptor-2; 
ER, estrogen receptor.
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significance. In patients aged between 40–49 years, the 
percentage of dyslipidemia increased by 21.8% at the 1st 
month after chemotherapy (35.9% vs 57.7%, P<0.05), but 
fell to 52.6% (vs baseline, P>0.05) at the 12th month. In 
patients aged over 50 years, the percentage of dyslipide-
mia increased to as high as 93.6% from 63.8% at baseline 
(vs baseline, P<0.05) and stayed at 83% (vs baseline, 
P>0.05) at the 12th month after chemotherapy.

The prevalence of dyslipidemia in patients stratified by 
BMI varied from 15.0% to 55.4%. Chemotherapy had 
a dramatic effect on the blood lipid levels of breast cancer 
patients with low-weight (BMI<18 kg/m2), with the dysli-
pidemia rate rising sharply from 15.0% before chemother-
apy to 55.0% (P<0.05) at the 1st month after 
chemotherapy. The dyslipidemia rate was also as high as 
40.0% at the 12th month after chemotherapy, which was 
almost three times the baseline level. Chemotherapy had 
similar effects on blood lipid levels in normal (18 kg/m2-
<BMI<24 kg/m2) and overweight (BMI>24 kg/m2) breast 
cancer patients. The rate of dyslipidemia increased by 
around 20.0% from baseline at the 1st month after che-
motherapy in the two groups (38.6% vs 59.0%, P<0.05; 
55.4% vs 76.8%, P<0.05), which was still about 10.0% 
above baseline at the 12th month but with no statistical 
significance (38.6% vs 49.4%, P>0.05; 55.4% vs 66.1%, 
P>0.05).

As to the effects of chemotherapy regimens on blood 
lipid levels, TAC’s seemed longer lasting than that of AC- 
T. In those receiving TAC, the dyslipidemia rate increased 
from 30.8% to 62.0% (P<0.05) at the 1st month after 
chemotherapy and fell to 52.8% (P<0.05) at the 12th 
month after the end of chemotherapy. The corresponding 

rate for those receiving AC-T was 54.3%, 78.3% (P<0.05), 
and 63.0% (P>0.05).

Discussion
Many previous studies have noted that the (neo)adjuvant 
chemotherapy can increase the prevalence of cardiovascu-
lar disease risk factors in breast cancer patients, and car-
diovascular disease has surpassed breast cancer itself as 
the first cause of death for them.5 In recent years, many 
studies have focused on the effect of the (neo)adjuvant 
chemotherapy on blood lipid levels, and the immediate 
rise in cholesterol and triglyceride levels after chemother-
apy in breast cancer patients has almost become an indis-
putable fact.14–16 But we need to note that most studies did 
not follow the change of blood lipids after chemotherapy 
for a long time. The long-term effect of chemotherapy on 
blood lipids determines whether long-term management of 
patients’ lipid metabolism is necessary, which has been 
proven to play a major role in reducing atherosclerotic 
cardiovascular disease by massive research. Our results 
showed that the effect of chemotherapy on blood lipids 
would gradually get weak over time, but the incidence of 
dyslipidemia in patients within 12 months after che-
motherapy was still higher than baseline. If we consider 
the fact that breast cancer patients already have higher 
prevalence of cardiovascular risk factors, the result must 
be taken seriously.

We must also emphasize that whether the effect of 
chemotherapy on blood lipids is long-lasting is still con-
troversial in the literature. Arpino et al14 observed the 
change of blood lipid levels in breast cancer patients for 
2 years after adjuvant chemotherapy. In their study, the 

Table 2 The Change of Blood Lipid Profiles Before and After (Neo)adjuvant Chemotherapy in Breast Cancer Patients and Controls

Blood Lipid Profiles Before Chemotherapy The 1st Month after Chemotherapy The 12th Month after Chemotherapy

Breast cancer patients (n=159)
TC (mmol/L) 4.52±0.87 4.91±0.72* 4.67±0.98

HDL-C (mmol/L) 1.29±1.08 1.32±1.17 1.27±0.84

LDL-C (mmol/L) 1.59±0.42 2.32±0.31* 1.82±0.42*
TG (mmol/L) 2.82±0.63 3.27±0.92* 2.98±0.71*

Controls (n=159)

TC (mmol/L) 4.57±0.89 4.58±0.92 4.54±0.87

HDL-C (mmol/L) 1.21±0.98 1.27±0.92 1.24±0.93
LDL-C (mmol/L) 1.54±0.57 1.52±0.64 1.49±0.73

TG (mmol/L) 2.80±0.73 2.78±0.84 2.81±0.76

Notes: *P<0.05 vs the value before chemotherapy. The data were compared with a single-sample Student’s t-test or non-parametric tests based on the distributional 
properties. 
Abbreviations: TC, total cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
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plasma level of LDL-C cholesterol increased by 5.4 mg/dL 
per year and that of triglycerides increased by 10.73 mg/ 
dL per year, which was consistent with ours. In this study, 
the vast majority of patients used endocrine therapy alone 
or combined with chemotherapy, less than 20% of patients 
used chemotherapy alone, and the chemotherapy regimen 
used was not described in detail. In another study with 
a similar design, with the exception of TG levels, the 
effect of chemotherapy on other blood lipids largely dis-
appeared within 6 months after chemotherapy in patients 
receiving anthracycline plus taxane chemotherapy.17 Our 
study showed the presence of dyslipidemia would last 
longer in patients treated with the TAC regimen compared 
to those with the AC-T regimen, which indicated patients 
exposed to anthracyclines for less time might have a lower 
chance for developing dyslipidemia after chemotherapy.

The results of the present study indicated that the 
impact of the (neo)adjuvant chemotherapy on lipid levels 
of breast cancers varied with age. This was consolidated 
by one retrospective study conducted in Chinese to deter-
mine the elements associated with lipid profiles after che-
motherapy, which showed age of over 50 years was 
a strong and independent risk factor for the elevation of 
LDL-C and TC.7 But, beyond this, no more evidence was 
found to support our result after extensive literature 
searching. This study also found that obese/overweight 
could significantly contribute to the increase of LDL-C 

and TC after chemotherapy, which was inconsistent with 
ours that suggested chemotherapy had a greater effect on 
lipid profiles in patients with light body weight 
(BMI<18 kg/m2).7 However, considering the sample size 
of the low-weight population was small in the current 
study, we need to treat this result with caution.

In breast cancer patients, weight gain and dyslipidemia 
after chemotherapy have attracted much attention.14–20 and 
some certain potential mechanisms under this have been 
revealed. Studies have shown that doxorubicin, which was 
widely used for the (neo)adjuvant chemotherapy for breast 
cancer, could regulate a series of genes involved in lipo-
protein metabolism in liver cells such as ATP binding 
cassette transporter A1 (ABCA1) and apoA1.8 

Meanwhile, it was found that doxorubicin and paclitaxel 
could increase apoB protein levels and paclitaxel could 
decrease low density lipoprotein receptor (LDLR) protein 
level.8 Another study found that short-time infusion of 
paclitaxel could dysregulate the cholesterol pathway by 
gene ontology analysis in breast cancer patients.21,22 In 
addition, some previous studies in rats have shown that 
cyclophosphamide could depress cytochrome P450 activ-
ity, which in turn may cause reduction in the activity of 
fat-splitting enzymes, such as lecithin cholesterol acyl 
transferase (LCAT) and lipoprotein lipase (LPL).23,24 But 
until now, there have been no well-designed studies to see 
how long these changes can last, and whether these 

Table 3 The Change of Dyslipidemia Percentage Before and After (Neo)adjuvant Chemotherapy According to Age, BMI, and 
Chemotherapy Regimens

Percentage of Dyslipidemia 
(n=159)

Before 
Chemotherapy

The 1st Month after 
Chemotherapy

The 12th Month after 
Chemotherapy

All 66 (41.5) 103 (64.8)* 86 (54.1)*

Age stratification
20–39 years (n=34) 8 (23.5) 14 (41.2) 6 (17.6)

40–49 years (n=78) 28 (35.9) 45 (57.7)* 41 (52.6)
≥50 years (n=47) 30 (63.8) 44 (93.6)* 39 (83.0)

BMI stratification
<18 kg/m2(n=20) 3 (15.0) 11 (55.0)* 8 (40.0)

18–24 kg/m2(n=83) 32 (38.6) 49 (59.0)* 41 (49.4)
≥24 kg/m2(n=56) 31 (55.4) 43 (76.8)* 37 (66.1)

Chemotherapy regimens
TAC (n=108) 41 (38.0) 67 (62.0)* 57 (52.8)*

AC-T (n=46) 25 (54.3) 36 (78.3)* 29 (63.0)

Notes: *P<0.05 vs the value before chemotherapy. The data were compared with χ2 test. 
Abbreviations: BMI, body mass index; TAC, docetaxel, doxorubicin, and cyclophosphamide, cycled every 3 weeks for six cycles; AC-T, doxorubicin and cyclophosphamide, 
cycled every 3 weeks for four cycles, followed by docetaxel, cycled every 3 weeks for four cycles.
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changes are parallel to those in blood lipid profiles. More 
research is needed to reveal the mechanism of dyslipide-
mia caused by chemotherapy.

There is growing evidence that long-term lipid man-
agement is essential for patients with breast cancer to 
improve their prognosis.25 Dyslipidemia, especially ele-
vated LDL-C level, is the most important independent 
risk factor for atherosclerotic cardiovascular disease 
(ASCVD). Our study adds new evidence that dyslipide-
mia caused by chemotherapy does not diminish rapidly 
after chemotherapy. Persistent dyslipidemia, along with 
other risk factors which have high prevalence among 
breast cancer survivors, could significantly increase 
their risk for ASCVD. To make matters worse, it has 
been shown that even short-term chemotherapy could 
quickly cause the release of inflammatory factors in vas-
cular walls and endothelial dysfunction, which in turn 
lead to lipid deposition and thickening of carotid intima, 
indicating that chemotherapy could significantly acceler-
ate the formation of atherosclerosis.26,27 In addition, it 
was reported that hypercholesterolemia was associated 
with a decreased response of tumors to endocrine thera-
pies. Cholesterol can be converted to 27- 
hydroxycholesterol which could increase estrogen recep-
tor-dependent growth and liver X receptor-dependent 
metastasis in a mouse models of breast cancer.28 Thus, 
lowering circulating cholesterol levels may be a useful 
strategy to prevent significant cardiac morbidity and mor-
tality and improve the long-term prognosis for breast 
cancer survivors.

Our study has several limitations. First of all, the 
current study is single-centered and the sample is rela-
tively small, which will inevitably undermine the persua-
siveness of the results. We are cautious to extend the 
results to other populations. Secondly, endocrine therapy 
such as tamoxifen, toremifene and aromatase inhibitors is 
essential for breast cancer patients,29–31 which can also 
lead to dyslipidemia. We did not include patients using 
these drugs due to the limited sample size, which makes it 
impossible to carefully distinguish their effect on blood 
lipids from that of (neo)adjuvant chemotherapy. Thirdly, it 
is well known that the blood lipid profiles can be affected 
by various elements such as diet pattern, physical exercise, 
comorbidities, and so on. We did not adjust for the effects 
of diet and physical exercise because of the unavailability 
of proper and easy tools. We ruled out those with comor-
bidities which can affect lipids metabolism such as dia-
betes and chronic liver diseases when enrolling 

participants to minimize the confounding effects of these 
factors.

Conclusions
The (neo)adjuvant chemotherapy used for the treatment of 
female breast cancers can cause significant abnormalities 
in blood lipid profiles. The abnormal increase in LDL-C 
and TC caused by chemotherapy can last at least 12 
months. In addition, the (neo)adjuvant chemotherapy can 
also lead to an obvious increase of the percentage of 
dyslipidemia which is more profound in patients with 
older age and lower BMI. The above results suggest that 
long-term management of blood lipid profiles is necessary 
for breast cancer patients who have received (neo)adjuvant 
chemotherapy.
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