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Abstract
Aim: To explore the effect of TEC chemotherapy regimen (Docetaxel + Epirubicin + 
Cyclophosphamide) on traditional cardiovascular risk factors, atherosclerotic cardio-
vascular disease and cardiac electrical activity.
Design: 243 patients with first initially diagnosed breast cancer were collected who 
receiving TEC chemotherapy.
Methods: Univariate analysis, multivariate analysis, binary logistic regression analysis 
and statistical description were used to analyse the data.
Results: Among the first diagnosed patients, prevalence of hypertension and over-
weight/obesity in postmenopausal patients were significantly higher than premeno-
pausal group. Compared with initially diagnosed state, incidence of hyperlipidaemia 
increased significantly after TEC chemotherapy, blood glucose level was remarkably 
increased, and prevalence of hyperuricaemia was significantly increased, changes of 
blood pressure level and prevalence rate of hypertension were not significant, and 
there was no statistical difference. Different menopause status showed the same 
trend. Atherosclerotic cardiovascular disease risk stratification showed after chem-
otherapy low-risk patients decrease, medium-risk and high-risk people increased. 
Grouped by menstrual status, after chemotherapy, both groups showed the same 
trend. The independent influencing factors of increased heart rate after chemother-
apy were postmenopausal status. Postmenopausal patients had more cardiovascular 
risk factors than premenopausal patients. After receiving chemotherapy, levels of 
cardiovascular risk factors in both groups mostly changed to the direction of disease. 
Chemotherapy drugs increase the risk of atherosclerotic cardiovascular disease in 
breast cancer patients. It is necessary to strengthen interdisciplinary cooperation to 
dynamic assess the cardiovascular health of patients of breast cancer patients.
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1  | INTRODUC TION

Breast cancer is the most common malignant tumour among women 
worldwide. With the progress of diagnosis and treatment, more and 
more breast cancer patients are able to survive long term. Recently, 
it has been reported that cardiovascular disease has become the 
leading cause of death in patients with breast cancer (Patnaik et al., 
2011).

Chemotherapy can effectively reduce the risk of recurrence and 
metastasis of breast cancer. TEC regimen (Docetaxel + Epirubicin + 
Cyclophosphamide) was recommended by the National Committee 
on Computer Network guidelines, and its efficacy was widely rec-
ognized (Bevers et al., 2018). However, the drug toxicity caused by 
this regimen was much higher than other regimens. The drug can 
directly affect the cardiovascular system by the production of re-
active oxygen species (McGowan et  al.,  2017) or indirectly affect 
the prognosis by cardiovascular problems such as abnormal lipid me-
tabolism. Breast cancer patients with cardiovascular risk factors are 
more prone to develop drug-related cardiovascular problems after 
chemotherapy with anthracyclines (Harake et al., 2012). Therefore, 
it is necessary to understand the cardiovascular status of patients 
before and after chemotherapy. Although the effect of chemother-
apy drugs on cardiovascular health has been recognized clinically, 
there were few studies on the overall cardiovascular status assess-
ment and risk prediction of patients receiving TEC regimen, and the 
trend of its change was not entirely clear.

Therefore, the purpose of our study is to observe the routine 
clinical data of breast cancer patients before and after received TEC 
chemotherapy, to understand the initial state of cardiovascular risk 
factors and their evolution after chemotherapy, so as to propose 
whole-course cardiovascular protection for breast cancer patients.

2  | METHODS

2.1 | Study population and data collection

A total of 243 patients, with an average age of 50.88 ± 9.32 years, 
who were first diagnosed with primary breast cancer and received 
TEC chemotherapy were successively collected in the First Affiliated 
Hospital of Chongqing Medical University, Chongqing Breast Cancer 
Center, from January 2019 to January 2020. TEC chemotherapy in-
cluded Epirubicin (75 mg/m2), Cyclophosphamide (500 mg/m2) and 
Docetaxel (75 mg/m2). There were six courses of treatment, each of 
which lasted for three weeks.

The following exclusion criteria were applied: (a) a history of ma-
lignant cancer; (b) a history of chemotherapy or radiation; (c) non-
essential hypertension; (d) male patients; (e) distant metastases of 
breast cancer; (f) patient history of severe hepatic and renal dysfunc-
tion; (g) abnormal thyroid function; (h) patients who received anti-
hypertensive, lipid-lowering, hypoglycaemic and uric acid-lowering 
drugs before the first diagnosis of breast cancer until the end of che-
motherapy; and (i) abnormal heart rate requiring clinical intervention 

when diagnosis. The following clinical data were collected: baseline 
data for the first admission of breast cancer and blood pressure, 
blood lipids, blood glucose, renal function and electrocardiogram. 
This study was a retrospective survey, and the patient's data were 
anonymous. The informed consent and ethical approval were not 
required.

2.2 | Chemotherapy regimen

All enrolled patients received 6 cycles of TEC chemotherapy, with an 
average cumulative dose of 333.71 mg of anthracyclines. There was 
no significant difference in the cumulative dose of anthracycline be-
tween premenopausal and postmenopausal patients (p > .05). It has 
been previously reported that the cumulative dose of anthracycline 
was calculated as the result of Epirubicin cumulative dose *0.6(Herait 
et al., 1992; Nakamae et al., 2004). Each chemotherapy cycle lasted 
three days. From the first day, take Dexamethasone 10  mg twice 
a day for three consecutive days; on the second day, intravenous 
drip of 75  mg/m2 Epirubicin and 500  mg Cyclophosphamide; on 
the third day, patients received infusion of 75  mg/m2 Docetaxel. 
Chemotherapy plan took 21 days as one cycle.

2.3 | Laboratory examination

Total cholesterol (TC), total triglyceride (TG), high-density lipopro-
tein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-
C), apolipoprotein A1(ApoA1), apolipoprotein B (ApoB), lipoprotein 
α (LPα), fasting blood glucose (FBG), urea, creatinine and uric acid, 
all results were got from the First Affiliated Hospital of Chongqing 
Medical University medical examination centre. The medical exami-
nation centre was accredited by ISO15189 and certified by CAP.

2.4 | Diagnostic criteria

The diagnosis was based on following criteria: (a) the diagnostic cri-
teria for hypertension in the 2018 European Society of Cardiology 
and the European Society of Hypertension (ESC/ESH) guidelines 
(Williams et al., 2018) (blood pressure ≥140/90 mmHg in the con-
sultation room (blood pressure in the consultation room is meas-
ured repeatedly) or daytime blood pressure outside of the clinic 
≥135/85 mmHg and nocturnal blood pressure outside of the clinic 
≥120/70 mmHg); (b) the “Guidelines for the prevention and treat-
ment of dyslipidaemia in Chinese adults (2016 revised edition)” (Chu 
Junren et al., 2016) (at least one of the following: TC ≥ 6.2 mmol/L, 
TG ≥ 2.3 mmol/L, HDL-C < 1 mmol/L and LDL-C ≥ 4.1 mmol/L); 
(c) the 1999 World Health Organization/International Diabetes 
Federation diagnostic criteria for diabetes(Glucose tolerance 
and mortality, 1999) (including FBG ≥7.0  mmol/L, random glu-
cose ≥11.1  mmol/L, or 2  hr oral glucose tolerance test (OGTT) 
≥11.1  mmol/L);(d) the “Chinese multi-disciplinary consensus on 
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the diagnosis and treatment of hyperuricaemia and its related 
diseases” (Multi-Disciplinary Expert Task Force on Hyperuricemia 
and Its Related Diseases, 2017) (Fasting blood UA levels were ob-
served twice on different days on a normal purine diet, for female 
>420 umol/L (7.06 mg/dl)); (e)“The guidelines for the prevention 
and control of overweight and obesity in Chinese adults (2003)” 
(Chen et al., 2004) (in Chinese adults, the cut-off for overweight is 
a body mass index (BMI) of 24 kg/m2, while the cut-off for obesity 
is a BMI of 28 kg/m2); (f) the “Chinese Guidelines for Menopausal 
Management and Hormone Therapy (2018)” (Qi,  2018) (if 
12 months after the last menstrual period, there was still no men-
strual period, the patient could be clinically diagnosed with meno-
pause after the exclusion of the possibility of pregnancy); (g)the 
“Guidelines for the prevention and treatment of dyslipidemia in 
Chinese adults (2016 Revision)” (patients with a history of ASCVD 
were considered to be at extremely high risk, an ASCVD risk ≥10% 
was considered a high level of risk, an ASCVD risk from 5%–9% 
was considered a moderate level of risk, and an ASCVD risk <5% 
was considered a low level of risk) (Chu Junren et al., 2016); and 
(h) The Laboratory Department of the First Affiliated Hospital of 
Chongqing Medical University is a medical laboratory accredited 
by ISO15189 and certified by CAP.

2.5 | Blood pressure test

Within 2 days of admission, blood pressure was measured at differ-
ent time points in resting state, twice each time and take averaged.

2.6 | ECG examination

The ECG was recorded by “MEDED” mobile wireless network sys-
tem. ECG was measured at 25 mm/s speed and all data of statistical 
analysis were calculated and reported automatically. All data were 
automatically calculated, and reports were written by the same ECG 
specialist and reviewed by another ECG specialist.

2.7 | Statistical analysis

SPSS 26.0 statistical software was used for analysis. The categorical 
variables were described by frequency and compared by chi-square 
test. Means ± standard deviation (mean ± SD) was used to describe 
the continuous variables both satisfying the normal distribution 
and homogeneity of variance and compared by use of independent-
sample t test. Other continuous variables were expressed as median 
and interquartile range and compared by Mann–Whitney U test. 
p < .05 were regarded statistically different. Binary logistics regres-
sion looked for independent influencing factors for occurrence of 
increased resting heart rate. In this study, backward elimination was 
used to identify variables that were independent risk factors. p < .1 
was considered to indicate a significant difference.

3  | RESULTS

3.1 | Basic characteristics of the study population

Among 243 patients in this study, the average age was 51.43 years 
(27–72 years). 141 (58.02%) lived in cities and 102 (41.98%) lived in 
rural areas, 136 cases (55.97%) were premenopausal and 107 cases 
(44.03%) were postmenopausal. 228 (93.83%) had a history of fertil-
ity, and 15 (6.17%) had no history of fertility.

3.2 | Baseline combination of cardiovascular risk 
factors in the study population

Overall combination of cardiovascular risk factors in this group of 
patients: the whole group of 243 cases, 61 cases of hypertension 
(25.1%), 76 cases (31.3%) of hyperlipidaemia, 7 cases (2.9%) had 
type 2 diabetes, 6 cases (2.5%) were found to have hyperuricaemia, 
94 cases (47.0%) were overweight and obesity, and 5 cases (2.1%) 
have been diagnosed as coronary heart disease. The combination 
of cardiovascular risk factors in premenopausal and postmenopau-
sal breast cancer patients: the prevalence of postmenopausal group 
complicated with hypertension, hyperlipidaemia and diabetes was 
statistically significantly different from that in the premenopausal 
group (p < .05) (Table 1).

3.3 | Effects of TEC chemotherapy regimens on 
cardiovascular risk factors in breast cancer patients

3.3.1 | Blood pressure

After receiving TEC chemotherapy, there was no significant change 
in blood pressure of breast cancer patients compared with before 
chemotherapy. The prevalence of hypertension was slightly higher 
than that before chemotherapy, but there was no statistically signifi-
cant difference (p > .05). Grouped according to menopause or not, 
there was no significant change in blood pressure level after chemo-
therapy compared with before; the prevalence of hypertension was 
higher than that before chemotherapy, but there was no statistically 
significant difference (p > .05) (Table 2).

3.3.2 | Blood lipid

After receiving TEC chemotherapy, the levels of TC, TG, LDL-C and 
ApoA1 in breast cancer patients increased; while the levels of HDL-C 
and ApoA1 decreased, there was a statistically significant difference 
compared with those before chemotherapy (p < .05), and the preva-
lence of hyperlipidaemia was also significantly increased, and the 
difference was statistically significant (p < .05). Grouping by meno-
pausal or not, the levels of TC, TG, LDL-C and ApoB were increased 
in premenopausal breast cancer patients, while the levels of HDL-C 
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and ApoA1 were decreased, showing statistically significant differ-
ences compared with those before chemotherapy (p < .05). Similarly, 
the levels of TC, TG, LDL-C and ApoB in postmenopausal breast 
cancer patients increased, while the levels of HDL-C and ApoA1 
decreased, and the levels of TG, HDL-C and ApoA1 ApoB were sig-
nificantly different from those before chemotherapy (p  <  .05). In 
addition, compared with before chemotherapy, the prevalence of 
hyperlipidaemia after chemotherapy was significantly increased in 
both groups (p < .05) (Table 3).

3.3.3 | Blood glucose

After receiving TEC chemotherapy, fasting blood glucose levels in 
breast cancer patients increased and there were significantly differ-
ent from those before chemotherapy (p  <  .05); the prevalence of 
diabetes increased, but there was no statistically significant differ-
ence from that before chemotherapy (p <  .05). Grouped according 
to whether menopause, fasting blood glucose level in both groups 
was increased and the difference was significant compared with that 
before chemotherapy (p < .05), but there was no significant increase 
in the prevalence of diabetes compared with before chemotherapy 
(p > .05) (Table 4).

3.3.4 | Renal function

After receiving TEC chemotherapy, urea and creatinine levels in 
breast cancer patients decreased significantly. The levels of uric acid 
increased significantly; the difference was significant compared with 
that before chemotherapy (p < .05). The prevalence of hyperuricae-
mia was increased, with statistically significant difference (p < .05). 
Grouping analysis according to menopause or not, the levels of cre-
atinine in breast cancer patients in the two groups were significantly 
different from those before chemotherapy (p  <  .05) The levels of 
serum uric acid and the prevalence of hyperuricaemia in premeno-
pausal patients increased after chemotherapy, and there were sig-
nificant differences compared with those before chemotherapy 
(p <  .05). The levels of urea and creatinine in menopausal patients 
were significantly changed before and after chemotherapy (p < .05) 
(Table 5).

3.4 | The effect of TEC chemotherapy regimen on 
ECG of breast cancer patients

After receiving TEC chemotherapy, breast cancer patients have 
increased resting heart rate and prolonged QTc interval, and the 

TA B L E  1   Baseline combination of cardiovascular risk factors in the study population (n = 243)

Characteristics
All (n = 243)
No.(%)

Premenopausal (n = 132)
No.(%)

Postmenopausal (n = 111)
No.(%) χ2 p

Overweight/Obesity 94 (47.00) 44 (41.12) 50 (53.76) 3.192 0.074

Missing 43 (Of the total) 25 (Of the total) 18 (Of the total)

Hypertension 61 (25.10) 24 (18.18) 37 (33.33) 7.362 0.007

Hyperlipidaemia 76 (31.28) 31 (23.48) 45 (40.54) 8.160 0.004

Type 2 diabetes 7 (2.88) 1 (0.76) 6 (5.40) 4.656 0.031

Hyperuricaemia 6 (2.47) 3 (2.27) 3 (2.70) 0.046 0.830

Note: Bold values indicate P < 0.005.

Demographic characteristics
Baseline 
condition

Post-treatment 
condition

U/χ2 
valves p valves

Overall situation

Systolic pressure (mmHg) 122 (111, 135) 120 (115, 133) −0.004 0.997

Diastolic blood pressure (mmHg) 78 (71, 84)) 76 (72, 81) −1.421 0.155

Hypertension, n (%) 61 (25.10) 63 (25.93) 0.043 0.835

Premenopausal group

Systolic pressure (mmHg) 118 (110, 128) 119 (112, 127) 0.397 0.691

Diastolic blood pressure (mmHg) 77 (71, 83) 76 (70, 80) −1.545 0.122

Hypertension, n (%) 24 (18.18) 25 (18.94) 0.025 0.874

Postmenopausal group

Systolic pressure (mmHg) 128 (116, 143) 125 (116, 140) −0.566 0.572

Diastolic blood pressure (mmHg) 79 (71, 85) 78 (74, 85) −0.473 0.636

Hypertension, n (%) 37 (33.33) 38 (34.23) 0.020 0.887

TA B L E  2   Blood pressure of enrolled 
patients (n = 243)
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differences were statistically significant compared with those be-
fore chemotherapy (p < .05). Grouped by whether menopause, the 
resting heart rate and the QTc interval prolonged in both groups in-
creased, and the difference was significant compared with that be-
fore chemotherapy (p < .05) (Table 6).

3.5 | ASCVD risk stratification in breast cancer 
patients before and after TEC chemotherapy

ASCVD status of first diagnosed breast cancer patients: ASCVD 
risk stratification in first-diagnosis breast cancer patients: low-risk 

TA B L E  3   Blood lipid of enrolled patients (n = 243)

Demographic characteristics Baseline condition Post-treatment condition U/T/χ2 valves p valves

Overall situation

Total cholesterol (mmol/L) 4.42 (3.87, 4.92) 4,71 (4.15, 5.24) 3.057 0.002

Total triglycerides (mmol/L) 1.09 (0.78, 1.44) 1.51 (1.08, 2.11) 6.885 0.000

High-density lipoprotein cholesterol (mmol/L) 1.43 (1.19, 1.67) 1.23 (0.99, 1,45) −6.055 0.000

Low-density lipoprotein cholesterol (mmol/L) 2.73 (2.31, 3.25) 2.99 (2.55, 3.53) 3.627 0.000

Apolipoprotein A1 (mmol/L) 1.49 (1.31, 1.68) 1.38 (1.21, 1.51) −5.156 0.000

Apolipoprotein B (mmol/L) 0.85 (0.72, 1.02) 0.95 (0.82, 1.11) 4.600 0.000

Lipoprotein(a) (mmol/L) 75.00 (36.00, 211.00) 91.00 (42.00, 226.50) 1.138 0.225

Hyperlipidaemia, n (%) 76 (31.28) 117 (48.15) 14.447 0.000

Premenopausal group

Total cholesterol (mmol/L) 4.24 (3.79,4.70) 4.62 (4.03, 5.12) 3.565 0.000

Total triglycerides (mmol/L) 1.04 (0.71, 1.38) 1.44 (1.08, 2.03) 5.628 0.000

High density lipoprotein cholesterol (mmol/L) 1.41 (1.18, 1.64) 1.24 (0.99, 1.50) −3.579 0.000

Low density lipoprotein cholesterol (mmol/L) 2.52 (2.22, 3.16) 2.89 (2.42, 3.45) 3.612 0.000

Apolipoprotein A1 (mmol/L) 1.44 (1.27, 1.65) 1.38 (1.17, 1.53) −2.284 0.022

Apolipoprotein B (mmol/L) 0.79 (0.67, 0.94) 0.94 (0.78, 1.04) 4.386 0.000

Lipoprotein(a) (mmol/L) 68.00 (34.50, 154.75) 95.00 (39.50, 211.50) 1.207 0.227

Hyperlipidaemia, n (%) 31 (23.48) 57 (43.18) 11.523 0.001

Postmenopausal group

Total cholesterol (mmol/L) 4.73 (4.12, 5.31) 4.75 (4.21, 5.29) 0.551 0.582

Total triglycerides (mmol/L) 1.21 (0.85, 1.56) 1.54 (1.08, 2.18) 4.081 0.000

High-density lipoprotein cholesterol (mmol/L) 1.46 (1.20, 1.71) 1.18 (1.00, 1.42) −5.063 0.000

Low-density lipoprotein cholesterol (mmol/L) 3.00 (2.50, 3.46) 3.17 (2.69, 3.62) 1.456 0.145

Apolipoprotein A1 (mmol/L) 1.54 (1.36, 1.72) 1.37 (1.22, 1.50) −5.305 0.000

Apolipoprotein B (mmol/L) 0.92 (0.77, 1.07) 0.98 (0.86, 1.17) 2.156 0.031

Lipoprotein(a) (mmol/L) 85.00 (44.00, 271.50) 89.00 (47.00, 265.00) 0.362 0.718

Hyperlipidaemia, n (%) 45 (40.54) 60 (54.05) 4.066 0.044

Note: Bold values indicate P < 0.005.

Demographic characteristics
Baseline 
condition

Post-treatment 
condition

U/T/χ2 
valves p valves

Overall situation

Fasting blood glucose (mmol/L) 5.20 (4.90, 5.60) 5.54 (5.22, 5.94) 6.746 0.000

Diabetes, n (%) 7 (2.88) 16 (6.58) 3.697 0.055

Premenopausal group

Fasting blood glucose (mmol/L) 5.05 (4.80, 5.40) 5.33 (5.07, 5.72) 5.125 0.000

Diabetes, n (%) 1 (0.76) 5 (3.79) 2.729 0.213

Postmenopausal group

Fasting blood glucose (mmol/L) 5.40 (5.00, 5.80) 5.84 (5.50, 6.30) 4.984 0.000

Diabetes, n (%) 6 (4.55) 11 (8.33) 1.593 0.207

Note: Bold values indicate P < 0.005.

TA B L E  4   Diabetes of enrolled patients 
(n = 243)
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TA B L E  5   Renal function of enrolled patients (n = 243)

Demographic characteristics Baseline condition Post-treatment condition U/T/χ2 valves p valves

Overall situation

Carbamide (mmol/L) 4.80 (4.00, 5.70) 4.50 (3.70, 5.40) −2.642 0.008

Creatinine (mmol/L) 60.00 (54.00, 65.25) 53.00 (48.00, 58.00) −8.034 0.000

Urea acid (mmol/L) 267.50 (236.00, 312.00) 296.00 (256.50, 335.00) 4.317 0.000

Hyperuricaemia, n (%) 6 (2.47) 18 (7.41) 6.312 0.012

Premenopausal group

Carbamide (mmol/L) 4.40 (3.80, 5.20) 4.55 (3.68, 5.33) −0.396 0.692

Creatinine (mmol/L) 59.00 (53.00, 64.00) 53.00 (47.00, 57.00) −5.967 0.000

Urea acid (mmol/L) 259.00 (228.00, 305.00) 300.00 (256.00, 339.00) 4.148 0.000

Hyperuricaemia, n (%) 3 (2.27) 13 (9.85) 6.653 0.010

Postmenopausal group

Carbamide (mmol/L) 5.20 (4.20, 6.20) 4.50 (3.70, 5.70) −3.461 0.001

Creatinine (mmol/L) 61.00 (55.00, 67.00) 54.00 (48.00, 60.00) −5.488 0.000

Urea acid (mmol/L) 282.00 (243.00, 319.00) 290.00 (261.00, 332.00) 0.916 0.134

Hyperuricaemia, n (%) 3 (2.70) 5 (4.50) 0.519 0.471

Note: Bold values indicate P < 0.005.

TA B L E  6   The effect of TEC chemotherapy regimen on ECG of breast cancer patients (n = 243)

Demographic characteristics Baseline condition Post-treatment condition U/T/χ2 valves p valves

Electrocardiogram data

Heart rate, Mean ± SD 76.20 ± 10.89 80.32 ± 10.76 −4.194 0.000

QT, Median (IQR) 374.00 (360.00, 392.00) 372.00 (354.00, 390.00) −1.755 0.079

QTc interval, Median (IQR) 421 (409, 432) 427 (416, 436) −3.752 0.000

PR interval, Median (IQR) 146 (136, 162) 150 (138, 164) −1.890 0.059

Idiopathic QRS axis catheter ablation, 
Mean ± SD

38.71 ± 30.74 36.26 ± 29.46 0.897 0.370

QRS, Median (IQR) 39 (16, 61) 35 (15, 58) −0.977 0.329

RV5+SV1, Mean ± SD 1.77 ± 0.54 1.72 ± 0.53 1.127 0.260

Premenopausal group

Heart rate, Mean ± SD 77.41 ± 11.75 80.54 ± 11.62 −2.176 0.030

QT, Median (IQR) 370.00 (356.50, 389.50) 372.00 (350.00, 388.00) −0.614 0.539

QTc interval, Median (IQR) 420.00 (406.00, 432.00) 426.00 (413.00, 435.75) 2.089 0.037

PR interval, Median (IQR) 146.00 (136.00, 160.00) 148.00 (138.00, 164.00) 1.473 0.141

Idiopathic QRS axis catheter ablation, 
Mean ± SD

43.42 ± 31.45 42.35 ± 30.33 0.282 0.778

QRS, Median (IQR) 80.00 (74.00,84.00) 80.00 (72.00, 86.00) 0.120 0.905

RV5+SV1, Mean ± SD 1.73 ± 0.53 1.71 ± 0.53 0.374 0.709

Post-menopausal group

Heart rate, Mean ± SD 74.75 ± 9.63 80.05 ± 9.70 −4.084 0.000

QT, Median (IQR) 378.00 (362.00, 398.00) 370.00 (356.00, 392.00) −2.003 0.045

QTc interval, Median (IQR) 421.00 (411.00, 433.00) 430.00 (419.00, 437.00) 3.341 0.001

PR interval, Median (IQR) 148.00 (138.00, 162.00) 152.00 (140.00, 166.00) 1.199 0.230

Idiopathic QRS axis catheter ablation, 
Mean ± SD

33.10 ± 29.04 29.06 ± 26.81 1.076 0.283

QRS, Median (IQR) 80.00 (74.00, 84.00) 78.00 (74.00, 84.00) −1.579 0.114

RV5+SV1, Mean ± SD 1.82 ± 0.54 1.73 ± 0.53 1.262 0.208

Note: Bold values indicate P < 0.005.
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203 (83.5%), medium-risk 14 (5.8%), high-risk 21 (8.6%) and extreme 
high-risk 5 (2.1%). ASCVD risk stratification of premenopausal and 
postmenopausal breast cancer patients: the number of premeno-
pausal breast cancer patients was significantly more than that of 
postmenopausal breast cancer patients in low-risk population, and 
the difference was statistically significant (p < .05). In moderate-risk 
and high-risk groups, the number of postmenopausal group was sig-
nificantly higher than that of premenopausal group, and difference 
was statistically significant (p < .05) (Table 7).

ASCVD status of breast cancer patients after chemotherapy: 
ASCVD risk stratification in breast cancer patients after TEC che-
motherapy: 183 (75.3%) patients had a low risk, 22 (9.1%) patients 
had a moderate, 33 (13.6%) patients had a high-risk and 5 (2.1%) pa-
tients had an extreme risk. The results showed after chemotherapy, 
the number of low-risk group decreased, the number of medium-
risk group increased, the number of an extreme risk group did not 
change before and after chemotherapy, and there was no statistical 
difference. ASCVD risk stratification of premenopausal and post-
menopausal breast cancer patients showed that the number of low-
risk patients decreased and the number of medium-risk patients 
increased in the premenopausal group after chemotherapy, while in 
the post-menopausal group, the opposite trend was shown. In the 
low-risk patients, the number of premenopausal patients was signifi-
cantly higher than that of post-menopausal patients, with statistical 
significance (p < .05). In the moderate-risk and high-risk groups, the 
number of postmenopausal group was significantly higher than that 
of premenopausal group, and the difference was statistically signif-
icant (p < .05).

3.6 | Effects of TEC chemotherapy regimen and 
cardiovascular risk factors on resting heart rate in 
breast cancer patients

Univariate analysis showed that age, menopausal status, hyper-
lipidaemia and carbonyldiamide level are the influencing factors of 

heart rate increase after chemotherapy for breast cancer patients. 
Binary logistics regression analysis showed that menopausal status 
(p  =  .005) is the risk factor for elevated heart rate. Patients with 
postmenopausal status were 0.47 times more likely to elevated 
heart rate than patients with premenopausal status (Table 8).

4  | DISCUSSION

Early detection and treatment of breast cancer can prolong survival. 
The leading cause of death in women with breast cancer is cardio-
vascular disease, not the tumour itself. This phenomenon was closely 
related to the common risk factors of the two diseases themselves 
(Rasmussen-Torvik et al., 2013), the toxicity of therapeutic drugs and 
clinicians identification and intervention of potential cardiovascular 
risks. This study investigated the effects of TEC chemotherapy regi-
mens on cardiovascular outcomes in breast cancer patients before 
and after chemotherapy.

Breast cancer patients have remarkably higher risk of cardiovas-
cular disease than the general population. Traditional risk factors of 
cardiovascular risk factors include hypertension, hyperlipidaemia, 
diabetes, overweight and obesity, and smoking. This study showed 
that the prevalence of hypertension in breast cancer patients was 
25.1%, which was higher than that in Chinese adult women (Hu 
Shengshou et al., 2019). This result may be related to: breast cancer 
and hypertension have common pathophysiological pathways in in-
flammation, metabolic disorders and so on. This may be also linked 
to blocking and altering of apoptosis by hypertension (Hamet, 1996). 
But until now, the causal relationship between breast cancer and 
hypertension are not unclear. The incidence of hypertension in 
postmenopausal breast cancer patients was higher than that in pre-
menopausal patients (33.33% versus 18.18%) and higher than that in 
other Asian countries (30.60%). After receiving TEC chemotherapy, 
there was no significant change in blood pressure levels between 
premenopausal group and postmenopausal group. The conclusion of 
this study is consistent with the results of Lifu  (2015). Their study 

TA B L E  7   Changes of ASCVD in postmenopausal and premenopausal breast cancer patients before and after chemotherapy (n = 243)

Characteristics
All (n = 243)
No.(%)

Premenopausal (n = 304)
No.(%)

Postmenopausal (n = 296)
No.(%) T p

Baseline condition

Low-risk, n (%) 203 (83.5) 124 (93.9)a 79 (71.2)b 24.73 0.000

Medium-risk, n (%) 14 (5.8) 1 (0.8)a 13 (11.7)b

High-risk, n (%) 21 (8.6) 6 (4.5)a 15 (13.5)b

Extreme-risk, n (%) 5 (2.1) 1 (0.8) 4 (3.6)

Post-treatment condition

Low-risk, n (%) 183 (75.3) 117 (88.6)a 66 (59.5)b 30.10 0.000

Medium-risk, n (%) 22 (9.1) 3 (2.3)a 19 (17.1)b

High-risk, n (%) 33 (13.6) 11 (8.3)a 22 (19.8)b

Extreme-risk, n (%) 5 (2.1) 1 (0.8) 4 (3.6)

Note: Bold values indicate P < 0.005.
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showed that there was no statistical difference in systolic and di-
astolic blood pressure between breast cancer patients whether 
received anthracycline chemotherapy or not. This result may be re-
lated to the minor damage effect of TEC chemotherapy regimen on 
vascular endothelium.

Hyperlipidaemia is a major risk factor for cardiovascular disease; 
people with hyperlipidaemia were double risk to develop cardiovas-
cular disease than people with normal lipid levels. Studies showed 
that prevalence of hyperlipidaemia in healthy adults in China is 
greatly affected by menstrual status, and the prevalence has grad-
ually increased from perimenopause (Cui Wenxin et al., 2014). 
However, in this study, among the first diagnosed breast cancer 
patients, the prevalence of hyperlipidaemia was significantly differ-
ent between premenopausal and postmenopausal women (23.48% 
versus 40.54%, p  <  .05). Studies have found that high blood lipid 
level may initiate the pro-inflammatory signalling cascade reaction 
and cause chronic inflammation (Hovland et al., 2015), and inflam-
mation is associated with the development of breast cancer. It is 
speculated that the occurrence of breast cancer in postmenopausal 
patients may be related to the early occurrence of hyperlipidaemia. 
It is suggested that postmenopausal breast cancer patients should 
be tested as early as possible. In addition, our study shows such a 
result that many indexes of blood lipid increased significantly after 
chemotherapy; the levels of blood lipids were in the direction of 
promoting atherosclerosis, and the prevalence of hyperlipidaemia 
also increased significantly (p < .05). Our research is consistent with 
the results of Tian et al. (2019) and Sharma et al. (2016) Therefore, 
we suggest that breast cancer patients receiving anthracycline-
based chemotherapy should undergo rigorous lipid management, 
so as to prevent atherosclerotic disease. Further analysis found 
that there was no significant difference in TC and LDL-C levels in 
the menopausal group before and after chemotherapy, which was 

different from the results of most studies (Sun et al., 2020). A meta-
analysis by Touvier et al. (2015). showed that TC level was inversely 
correlated with the severity of breast cancer. The small change of 
LDL-C level after chemotherapy may be related to increased LDL-C 
receptor activity in malignant cells and lead to high uptake and high 
degradation of LDL-C (Vitols et  al.,  1985). It suggested that post-
menopausal patients with breast cancer may be more serious than 
premenopausal patients, and breast cancer screening should be ac-
tively undertaken.

In our study, the prevalence rate of first diagnosed breast can-
cer with diabetes was 2.9% and that after chemotherapy was 6.6%. 
However, the prevalence of diabetes in Chinese women was 10.2% 
(Hu Shengshou et al., 2019). This may be related to the fact that peo-
ple who have started diabetes medication are not included in the 
study population. Because patients do not routinely perform OGTT 
test, many breast cancer patients with latent diabetes or pre-diabetes 
are missed diagnosis, which is not conducive to the risk assessment, 
prognosis management and intervention of cardiovascular diseases. 
At the same time, it is suggested that people should pay attention to 
the fasting blood glucose level of breast cancer patients and actively 
carry out OGTT test screening at the beginning of diagnosis.

SUA is an important biomarker of cardiovascular disease. Apart 
from causing the deposition of urate crystals, hyperuricaemia may 
be involved in the pathophysiological processes of cardiovascular 
disease by impairing vascular endothelial function, stimulating oxi-
dative stress, promoting platelet adhesion and altering haemorheol-
ogy (Ndrepepa, 2018). We found that blood uric acid levels and the 
prevalence of hyperuricaemia were significantly increased after re-
ceiving anthracycline-based chemotherapy (p < .05). Moreover, uric 
acid changes were more prominent in premenopausal breast can-
cer patients, which was consistent with the study of Bu Hanli et al. 
(2020). It may be associated with transient or premature permanent 

TA B L E  8   Univariate and bivariate logistic regression models of risk factors for increased heart rate (n = 243)

Univariate Multivariate

β OR 95%CI p-valve β OR 95%CI p-valve

Cumulative measurement 
of anthracyclines

0.000 1 0.998–1.002 0.826

Age 0.035 1.035 1.006–1.065 0.018 −0.001 0.999 0.957–1.042 0.945

Menopausal status −0.782 0.457 0.268–0.780 0.004 −0.766 0.465 0.272–0.794 0.005

Hypertension 0.219 1.245 0.691–2.246 0.466

Hyperlipidaemia 0.295 0.587 0.329–1.045 0.070 −0.403 0.668 0.368–1.214 0.186

LP (a) 0.000 1 0.999–1.002 0.441

Type II Diabetes mellitus 0.178 1.195 0.261–5.463 0.818

Hyperuricaemia 0.473 1.604 0.317–8.120 0.568

Carbonyldiamide level 0.180 1.195 0.997–1.437 0.054 0.136 1.146 0.943–1.392 0.171

Creatinine level 0.005 1.005 0.982–1.029 0.685

Overweight and obesity −0.256 0.774 0.439–1.365 0.376

Note: β, Regression coefficient.
Abbreviations: CI, confidence interval; OR, odds ratio.
Bold values indicate P < 0.005.
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amenorrhoea in premenopausal patients with anthracycline chemo-
therapy. In other words, oestrogen has a decreased inhibitory effect 
on uric acid. Therefore, it is very necessary to strengthen the health 
management of hyperuricaemia in premenopausal breast cancer 
patients.

ASCVD risk stratification scheme recommended by Chinese 
Guidelines for Prevention and Treatment of Dyslipidemia. Through 
the comprehensive index data of age, diabetes, ASCVD history, 
blood lipid and so on, it establishes the mathematical model to pre-
dict the risk of ASCVD disease in the general population of China 
(Chu Junren et al., 2016). According to our study, the risk stratifica-
tion of ASCVD in the first diagnosed breast cancer patients mainly 
had a low risk. The number of low-risk ASCVD patients after che-
motherapy was significantly lower than that before chemotherapy. 
In addition to postmenopausal oestrogen protection of the body 
weakened, it can cause myocardial injury and lead to myocardial 
ischaemia by damaging the cardioprotective factor. When combined 
with traditional CVRF such as hypertension, hyperlipidaemia and di-
abetes, the protective effect of STAT3 will be weakened, making the 
myocardium more vulnerable to injury (Ferdinandy et al., 2014). In 
addition, lipid metabolism may indirectly increase the risk of ASCVD 
(Malarkodi et al., 2003). Therefore, ASCVD risk assessment should 
be actively given early in breast cancer patients, especially post-
menopausal breast cancer patients.

Normally, resting heart rate (RHR) was negatively related to QTc 
prolongation. However, we found that QTc interval prolonged and 
RHR significantly accelerated after chemotherapy (76.20  ±  10.89 
versus 80.32 ± 10.76, p < .05). Stachowiak et al. (2018) also found 
that RHR increased in breast cancer patients using anthracyclines. 
In our research, we also found that menopausal status may be major 
risk factors for increased RHR. Increased HR is a sign of abnormal 
autonomic nerve regulation and excessive sympathetic excitation 
of the circulatory system. Postmenopausal women are prone to au-
tonomic dysfunction due to decreased oestrogen, and anticancer 
drugs such as anthracycline may damage the autonomic nervous 
system (Caru et al., 2019). A follow-up study of 4,980 breast can-
cer survivors in South Korea showed that breast cancer patients 
with a higher RHR had a poor prognosis, and RHR was positive re-
lated to FBG, TG level and BP level of breast cancer survivors (Lee 
et  al.,  2018). These factors may further exacerbate cardiovascular 
disease risk. Postmenopause is an independent risk factor for RHR 
increase, so we should pay more attention to cardiovascular status 
of these patients.

Although changes in the above indicators after chemotherapy 
can affect cardiovascular health, they belong to different depart-
ments of diseases. The management of DM, hyperlipidaemia and 
SUA may need the participation of endocrinology and nutrition de-
partments. The management of HBP, ECG and ASCVD may require 
intervention from the cardiology department, and the use of chemo-
therapeutic agents requires the involvement of the medical oncol-
ogy department. For a part of breast cancer patients, psychological 
counselling in the psychiatric department is also very important.

5  | STUDY LIMITATIONS

This is a single-centre study, and the sample size is not enough. Thus, 
the results may be biased and do not fully represent the results of 
real-world research.

6  | CONCLUSION

1.	 Compared with premenopausal patients, postmenopausal pa-
tients have more cardiovascular risk factors and higher risk of 
ASCVD at the initial diagnosis of breast cancer.

2.	 After chemotherapeutic, the levels of cardiovascular risk factors in 
both groups changed to pathogenic direction. Chemotherapeutic 
agents raised the risk of ASCVD in these patients, especially in the 
medium-risk population.

3.	 Postmenopausal breast cancer patients are more likely to have a 
faster resting heart rate after chemotherapy.

7  | IMPLIC ATIONS OF THE FINDINGS FOR 
NURSING RESE ARCH AND PR AC TICE

It is suggested that multidisciplinary cooperation should be strength-
ened, so as to promote dynamic cardiovascular fitness evaluation 
during the diagnosis and cure of breast cancer patients.
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