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Abstract

Background and objective: Breast cancer medications, including chemotherapy,
radiation, and targeted treatments, are linked to increased cardiovascular risk,
frequently leading to early cardiac dysfunction. This study examines cardiac and lipid
biomarker alterations throughout breast cancer chemotherapy and their correlation
with cardiovascular problems.

Methods: A case-control study involved 90 females, 60 breast cancer patients (30
before and 30 after treatment), and 30 healthy controls. Serum levels of lipid profile
(Total Cholesterol, Triglycerides, HDL-C, LDL-C, VLDL-C), the tumor marker CA 15-3, and
cardiac biomarkers Brain Natriuretic Peptide (BNP), Troponin T, CK-MB, Gamma-
Glutamyl Transferase (GGT), and C-reactive Protein (CRP) were assessed.

Results: The mean age was 4411.64 for the controls and 46.5311.14 in patients. The BMI
was significantly higher in breast cancer patients (P <0.001). Troponin T levels
significantly rose (95% confidence intervals post-treatment were (2.46 to 2.70,
P <0.001). Triglycerides, VLDL, and atherogenic index increased significantly P-values
(0.011, 0.011, 0.014). CA 15-3 concentrations were significantly elevated in both
pre-treatment and post-treatment groups as compared to controls (P-value = 0.016).
Post-treatment BNP (95% Cl: 52.7 to 131.7) levels were elevated, but lacked statistical
significance (P-value 0.081).

Conclusion: Elevated Troponin T and BNP levels after breast cancer treatment,
indicating early cardiac stress, which supports the need for routine monitoring of
cardiac biomarkers in patients undergoing therapy. Early detection of subclinical
cardiotoxicity could allow for timely intervention and help reduce long-term
cardiovascular complications.
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Introduction

Breast cancer is the predominant cause
of cancer-related mortality among
women globally. It is the primary cause
of death in women in undeveloped
nations and the second largest cause

among women in affluent nations (1).

Progress in breast cancer treatment,
encompassing chemotherapy, targeted
and has

treatments, radiotherapy,

markedly enhanced survival rates.
Nonetheless, these therapies often have
serious cardiovascular side effects,
which may affect overall quality of

life (2).

Cardiotoxicity arising from breast cancer
therapy is a growing issue, as indicated
by the number of
emphasizing the

linked to
oncological treatments. Anthracyclines,

rising studies
cardiovascular
hazards contemporary
a widespread class of chemotherapeutic
drugs, are recognized for their dose-
dependent cardiotoxicity, leading to
diseases such as cardiomyopathy and

heart failure (3).

Brain natriuretic peptide was first found
in swine brain tissue as a peptide
with natriuretic-diuretic and smooth
muscle relaxant characteristics. Soon
thereafter, they discovered that human
BNP was generated and secreted from

the heart as a cardiac hormone (4).

Cardiac troponins (cTn) are structural
proteins that bind to actin-containing
thin filaments in cardiac muscle and
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play a crucial role in regulating
myocardial contraction by modulating
calcium ion interaction and decreasing

the ATPase activity of actin-myosin (5).

B-type natriuretic peptides (BNPs)
and cardiac troponin levels have
been associated with  high-dose
chemotherapy (6). Serum cardiac

biomarker measurement offers a viable

and valuable tool for preliminary
assessment of risk, early cardiovascular
disease diagnosis during and after
treatment, identifying cancer patients
benefit

therapies

who might from

cardioprotective during
oncological treatment, and providing
prognostic value to determine patients

requiring long-term CVD monitoring (7).

Depending on the cancer therapy being
utilized, some cancer treatments might
have cardiotoxic side effects that raise
plasma troponin levels. Traditionally,
immune checkpoint inhibitors cause

heart inflammation, while
chemotherapy is linked to mitochondrial
damage and an increase in reactive

species (8).

The
cardiovascular biomarkers are affected

study aims to assess how
by breast cancer treatment and how
those changes are related to heart
failure, to improve treatment outcomes
and quality of life for breast cancer

survivors.
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Methods

A case-control study was conducted in
Erbil City/lraq, and the current study
was conducted from 29™ September
to14™ January 2025. A total of 90
female blood samples were collected
the healthy
controls (Group 1), which were randomly

and categorized into

selected and did not exhibit any signs of

disorders, and they were age and
gender matched to ensure
comparability and minimize

confounding variables. The patients
(Group 1) comprised 30 patients before
included 30

patients after treatment who were

therapy, and Group Il

diagnosed with breast cancer and were

picked from Nanakali Hospital and

Rizgary Teaching Hospital. They were
aged from 26 to 67 vyears, including
chemotherapy,

patients undergoing

hormonal therapy, and targeted

therapy. A structured questionnaire was
specifically developed for the study. The

initial section focused on collecting
demographic information, including
name, age, BMI, marital status,

residency, and occupation. The second
part consists of questions of cancer
treatment history, including (stages,
grades, cycles, side of the breast cancer,
type of treatment that was received,
duration of receiving treatment, and
side effects or symptoms related to the
cardiovascular system during
treatment). The third part was related
to medical history (diabetes mellitus,

hypertension, heart disease, and other
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diseases). The fourth part was family
history and menopausal status, and the
fifth part of the questionnaire was
composed of questions related to
lifestyle data as smoking and physical

activity.
Exclusion criteria

Women who aged less than 26 and
more than 67, hemolysis of blood
samples, finished their treatment plan
for the post-treatment group, patients
on medications known to significantly

alter cardiovascular biomarkers
independently of cancer treatment,
those did not complete their

investigation and having unknown stage
or lymph node, the one who undergoing
with
condition such as Down syndrome and

radiotherapy, and patients
those who were previously pregnant

with breast cancer.
Ethical consideration

The study was approved by the Ethics
Committee of the College of Health
Medical
and verbal approval was obtained from

Sciences/Hawler University,

each patient. Confidentiality was
assured, and all pieces of information

about each patient were kept private.
Blood Collection

Five milliliters (ml) of venous blood
samples were collected and placed in a
serum separator tube (SST); the serum
was then centrifuged for 10 minutes at
3500 rpm after remaining at room
temperature for 20 minutes. The serum
was transferred into sealed Eppendorf
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tubes and directly stored at -50 °C. The
separated blood serum was used to
perform biochemical tests, including
ELISA for B-type natriuretic peptide,
Cobas E411 for Troponin T, CK-MB,
and CA 15-3
6000 for
(TC),

lipoprotein

antigen, and Cobas

total cholesterol
(TG),

and

serum
triglycerides
(HDL),
lipoprotein (LDL).

high-density
low-density

Statistical Analysis

The SPSS (Statistical Package for Social
Science) (Version 26) was utilized for
statistical analysis. Descriptive statistics
were presented as the mean * standard
error for the variables of interest. The
association between categorical
variables across groups was assessed
using the chi-square test; for continuous
variables such as BMI and age, the case
and control groups were compared
using an independent t-test. The ANOVA
test was used to differentiate between
more than two means. A general linear
model (GLM) was used to evaluate the
effect of demographic factors on the
cardiac biomarker, in addition to 95%
confidence intervals, reported to show
the proportion of variance. P-values

under 0.05 were considered significant.
Results

Age, marital status, residency, smoking,
the
socioeconomic and demographic traits

and exercise are among
of the control group that have been
observed in the results. No statistically

significant changes were found between
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the patient and control groups, with the
P-values (0.205, 0.100, 0.067, 0.213, and
0.473). Meanwhile, other risk factors
between the study population’s case
and control groups, the Chi-square and
t-test analysis of differences in risk
factors between patients and healthy
people revealed statistically significant
differences between the two groups of
subjects in the majority of risk factors
such as occupation, menstrual cycle,
family history, and BMI with a P-value of
(0.002, 0.03, 0.014, and <0.001). The
mean * standard error (Mean *SE) age
of the control group was 44.00 + 1.637,
also the patient group was 46.53 + 1.14
with a range of 26 - 67 years old, the
mean * standard error (Mean *SE) body
mass index (BMI) of females with breast
cancer was 33.050.78 (Kg/m?), and the
control group was 27.512+0.75 (Kg/mz).
This information is provided in Table 1.

There is an increase of 95% confidence
intervals in BNP levels after treatment
(52.7 — 131.7) compared to both control
(56.7 — 69.7) and pre-treatment levels
(53.6 — 62.9), but the P value (0.081)
is not statistically significant. Troponin T
levels significantly increased post-
treatment (95% Cl: 2.46 - 2.70,
P <0.001). There is a decreasing trend
in CK-MB levels post-treatment, but the
P value (0.155) suggests no statistically
significant difference. GGT diminished
in post-treatment compared to pre-
treatment but remained higher than in
the control group. However, the high
(0.32)

standard error and P-value
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suggest no statistically significant However, the P-value (0.088) is not
difference. CRP levels increased post- statistically significant. This information
treatment (95% Cl: 4.23 — 12.18), which can be summarized in Tables 2 and 3.

may indicate increased inflammation.

Table 1. Demographic and social characteristics of participants' groups

Parameters Control Patient
Group n=30 group n=60 P-value
No. (%) No. (%)
Marital status Married 25 (83.3) 57 (95) 0.067
Single 5(16.7) 3(5)
Residency City 10 (33.3) 31(51.7) 0.100
Countryside 20 (66.7) 29 (48.3)
Occupation Employed 13 (43.3) 8(13.3) 0.002*
Housewife 17 (56.7) 52 (75.4)
Smoking Non-smoker 30 (100) 57 (95) 0.213
Ex-smoker 0(0.0) 3(5)
Exercise Yes 8 (26.7) 12 (20) 0.473
No 22 (73.3) 48 (80)
Menopausal Postmenop 14 (46.7) 42 (70) 0.031*
status ausal
Premenopa 16 (53.3) 18 (30)
usal
Family history Yes 6 (20) 28 (46.7) 0.014*
No 24 (80) 32 (53.3)
Age Mean + SE 440+ 1.64 0.205
46.53+£1.14
BMI Mean + SE 27.51+£0.75 <0.001*
33.05+0.78

* The mean difference is significant at the 0.05 level.
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Table 2. Chemical parameters of serum BNP, Troponin T, CK-MB, GGT, and CRP in the

studied groups

Parameters Control Pre-treatment Post-treatment P value
Mean + SE Mean * SE Mean + SE

BNP Pg/mL 63.18 £ 3.17 58.28 +2.25 92.18 + 19.33 0.081

TroponinT Pg/mL 1.73+£0.95 2.06£0.01 2.57 £0.06 <0.001*

CK-MB ng/mL 1.30+£0.25 1.01+£0.15 0.76 £ 0.18 0.155

GGT U/L 18.23+£2.21 48.43 £ 23.09 33.70£6.92 0.32

CRP mg/dL 3.75+£0.92 5.66+1.17 8.20 £ 1.95 0.088

* Significant difference

Table 3. 95% Confidence Intervals of biomarkers across study groups

Parameters Control Pre-treatment Post-treatment
95% (Cl) 95% (Cl) 95% (Cl)
BNP Pg/mL 56.7-69.7 53.7-62.9 52.7-131.7
TroponinT Pg/mL 1.54-1.92 1.86—-2.26 2.46-2.70
CK-MB ng/mL 0.75-1.76 0.71-1.31 0.38-1.13
GGT U/L 13.70-22.8 1.22 -95.7 19.55-47.85
CRP mg/dL 1.88-5.62 3.26 -8.06 4.23-12.18
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Table the
between Troponin T levels and the

4 presents association

combination of variables:
BMI,
status; significant differences were only

participant
groups, age, and menopausal
shown between individual groups (P-
value <0.001) with an R? of 0.406,
indicating that approximately 40.6% of
the variability in Troponin T could be
explained by the included variables. In
contrast, age (P = 0.093), BMI (P = 0.78),

and menopausal status (P = 0.99) were

with
Troponin T variation. Data from Table 5

not  significantly  associated
of the lipid profile and tumor marker CA
15-3 among breast cancer patients
revealed significant modifications post-
treatment. While total cholesterol, HDL,
LDL did exhibit

statistically significant variations across

and levels not
groups, each of TG, VLDL-c, atherogenic
index, and the tumor marker CA15-3
showed significant differences with P-

values (0.011, 0.011, 0.014, and 0.016).

Table 4. The combination of (age, BMI, menopausal status, and participant groups) and
variation in Troponin T

Variables F-Value P-Value
Corrected Model 11.50 <0.001*
Participant groups 14.84 <0.001*
Age 2.89 0.093
BMI 0.081 0.78
Menopausal status <0.001 0.99

*Significant at the 0.05 level (R squared = 0.406)

Table 5. Serum levels of TC, TG, HDL-c, LDL-c, VLDL-c, LDL/HDL ratio, Atherogenic Index,
and CA 15-3 of the studied groups

Parameter Control Pre-treatment Post-treatment P-value
mg/dL Mean * SE Mean * SE Mean * SE

Cholesterol 149.73 £+ 5.86 162.16 £ 6.71 167.64+7.94 0.176

Triglyceride 112.79 £9.74 125.11 +11.52 166.10 + 16.29 0.011*
HDL-c 44.47 +1.59 41.21+2.6 4321 +3.15 0.628

LDL-c 82.87 +5.35 93.87 +6.13 94.10 +5.47 0.281

VLDL-c 22.54 +1.95 25.02+2.31 33.22 +3.26 0.011*
LDL/HDL ratio 1.95+0.15 2.35+0.21 2.43+0.13 0.101

Atherogenic 0.36 £0.49 0.42 +0.54 0.57+£0.48 0.014*
Index of

Plasma (AIP)

CA 15-3 u/mL 6.67 £0.33 17.055 +3.02 23.39+3.62 0.016*

*Significant difference
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Discussion
Cardiotoxic effects of established
therapeutic regimes and innovative

treatments have contributed to an
increased cardiovascular morbidity and
death in cancer survivors (9).

In this study, we investigated changes in
cardiac biomarkers and lipid parameters
before and after breast cancer therapy,
compared with a healthy control group,
and explored their association with
cardiovascular dysfunction. The data
analysis demonstrated that statistically
significant differences were observed
between the control and patient groups
regarding several risk factors, including
family history, occupation, suggesting
that patients were more likely to be
housewives than employed, which may
reflect differing physical activity levels
linked
to cardiovascular health. Furthermore,

and stress exposure factors
a higher incidence of post-menopausal
status was noted in the patient group
(70%) compared to controls (46.7%),

which was statistically significant P-value

equal (0.031). This hormonal shift
mayincrease cardiovascular risk,
consistent with prior studies that

menopause to both cancer progression
and cardiac disease (10-12).

Body Mass Index (BMI) was significantly
higher in the patient groups
(33.05%0.78) than in controls (27.51 +
0.75), with a P- value <0.001. Obesity
and overweight in women greatly
increase the risk of breast cancer; also,
BMI is

elevated independently
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associated with worse cardiovascular
outcomes and could potentiate the
cardiotoxic effects of chemotherapy (13,
14).

The troponin T and troponin | isoforms
are specific to cardiac muscle and are
commonly used in the diagnosis and
prognosis of cardiovascular disease (5).
In the current study, Troponin T levels
significantly increased post-treatment
(from 2.06 + 0.01 to 2.57 + 0.06;
P <0.001), which was influenced by
treatment-related factors rather than
demographic and physiological factors
such as age, BMI, and menopausal
with a non-significant effect
0.93, 0.78, and 0.99).

are sensitive markers of

status,
(P-value =
Troponins
and are
detect
cardiotoxicity,

cardiac muscle damage

frequently used to
chemotherapy-induced
which emphasizes the predictive value
levels in

of elevated troponin

anticipating late-onset cardiac
dysfunction in breast cancer patients
undergoing chemotherapy, targeted
treatment, and hormonal therapy. The
current study findings suggest that
troponin T is a reliable early marker for

cardiotoxicity (15).

Zhang et al. (2019) revealed a significant
change in brain natriuretic peptide
(BNP) levels post radiotherapy. Similarly,
(2019) assessed BNP as

a predictive marker for anthracycline-

Lu et al.

induced cardiotoxicity. Although our
study examined BNP, a marker of

ventricular stress and heart failure, the
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confidence intervals revealed that BNP

levels remained relatively stable
between control and pre-treatment but
showed a wide range post-treatment
(95% Cl: 52.7 — 131.7). While this

increase was not statistically significant

(P-value = 0.081), the upward trend
aligns with literature reporting BNP
elevation in patients receiving

cardiotoxic drugs (16-18). Even if BNP
increased after chemotherapy, the small
sample size, heterogeneity of treatment
regimens, and the large standard error
may indicate individual variability or
delayed response.

C-reactive protein, a marker of systemic
inflammation, increased from 5.66 #*
1.17 to 8.20 * 1.95 post-treatment (95%
Cl: 4.23 — 12.18), P-value was equal
(0.088), in contrast to the findings of
prospective showed

analysis no

association between circulating
inflammation and breast cancer risk
(19). This may be due to a modest
sample size, with disagreement with
another study that reported higher CRP
left

ventricular ejection fraction following

levels in patients with reduced
chemotherapy, further linking systemic
inflammation with cardiac injury (20).

The lipid profile disruptions observed
post-treatment support findings, which
role in

discuss  chemotherapy’s

promoting atherogenic dyslipidemia.
The significant rise in the atherogenic
index in this study strengthens this link

and underscores the need for aggressive
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lipid monitoring in breast

patients (21).

cancer

A previous study reported that high
blood lipid levels have been linked to
chronic inflammation by starting the
proinflammatory  signaling  cascade
reaction, according to studies (22), and
because the development of breast
cancer is linked to inflammation. It is
hypothesized that the early onset of
hyperlipidemia may be linked to breast
cancer in postmenopausal patients.
Early screening is recommended for
people with postmenopausal breast
cancer. This study also reveals that the
levels of TG and VLDL were increased
significantly during chemotherapy, HDL-
c levels fell following treatment, the
prevalence of hyperlipidemia also
increased significantly (P <0.05), and
blood lipid levels were in the direction

of growing atherosclerosis (23, 24).

In our study, serum CA 15-3 levels were
significantly higher in breast cancer
with  healthy
controls, in agreement with a previous
study that demonstrated CA 15-3
significantly increased in patients with

patients  compared

breast cancer compared with controls
(25).

In  conclusion, a lack of highly
associations between these biomarkers
and cardiac dysfunction is due to the
small sample size because it was difficult
to obtain samples within the study
requirements and short period, and
variability in treatment types, which will

require further studies with a larger
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sample size to determine the effect of
each of treatments on BNP and the role
of inflammation in cardiotoxicity.

Conclusion

The potential cardiac effects of breast
cancer therapy were indicated by the
considerable increase in Troponin T
levels following treatment, as well as
the increase in BNP levels relative to
both control and pre-treatment values.
In patients with breast cancer, Troponin
T may be a trustworthy early biomarker
for identifying heart problems brought

on by treatment.
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	Results
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	The potential cardiac effects of breast cancer therapy were indicated by the considerable increase in Troponin T levels following treatment, as well as the increase in BNP levels relative to both control and pre-treatment values. In patients with breast cancer, Troponin T may be a trustworthy early biomarker for identifying heart problems brought on by treatment.

