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ABSTRACT

Cardiovascular diseases continue to be the leading cause of morbidity and mortality in
developed nations. Elevated liver function levels have recently been implicated as possible
risk factors for cardiovascular diseases in the adult population. This study aims to assess
the correlation of hepatic function tests with cardiac troponin I (cTnl) and high-sensitivity
C-reactive protein (hs-CRP) in adult males with unstable angina and to explore the
potential of these biomarkers as predictive tools. Conducted at AL-Ramadi Teaching
Hospital, Irag from October 2023 to January 2024, this study included 90 male adult
participants (60 healthy individuals and 30 patients with unstable angina).
Sociodemographic and biochemical variables were collected using a systematic
questionnaire and standardized measurement procedures. The average values for body
mass index, systolic blood pressure, diastolic blood pressure, triglycerides, total
cholesterol, low-density lipoprotein cholesterol, alkaline phosphatase, aspartate
aminotransferase, gamma-glutamyl transferase, c¢Tnl, and hs-CRP were significantly
higher (P<0.05) in the patients with unstable angina compared with those in the control
group. Furthermore, bilirubin, GGT, and AST levels showed a significant correlation with
c¢Tnl and hs-CRP levels in the patients with unstable angina. Our data indicated that
bilirubin, GGT, and AST have the best predictive value for the risk of unstable angina.
Continued monitoring of these biomarkers in patients suffering from liver function
disorders will help identify early signs of unstable angina and improve the prevention and
treatment of this disease.

Introduction

Cardiovascular diseases (CVDs) remain the
world’s top cause of morbidity and mortality and
represent one of the most serious issues faced by global
health systems [1]. Acute coronary syndrome (ACS) and
other coronary artery disorders are among the most
prevalent cardiovascular conditions [2]. Unstable angina
is an issue in which the heart receives inadequate blood
and oxygen, triggering chest discomfort or agony. It
represents a type of ACS that may lead to a myocardial
infarction [3]. Multiple causative factors, such as
dyslipidemia, hypertension, smoking, male gender,
advanced age, obesity, diabetes, and lifestyle with less
or no physical activity may increase an individual’s
susceptibility to atherosclerosis and other CVDs [4].

Despite efforts to identify, mitigate, and manage
risk factors, the overall death rate for coronary artery
disorders is still rising [5].

Liver markers, such as bilirubin, alanine
aminotransferase (ALT), y-glutamyl transferase (GGT),
aspartate aminotransferase (AST), and alkaline
phosphatase (ALP), have been used in the diagnosis of
nonalcoholic fatty liver disease and hepatic dysfunction
[6]. Some studies have recently unveiled the role of liver
enzymes in CVD development [7, 8]. Although several
researchers have focused on the correlations between
liver markers and risk factors for heart diseases, the
connections appear to be inconsistent [9]. A previous
study reported the existing relationship between GGT
activity and the prevalence of CVDS, including but not
limited to coronary heart disease, stroke, arterial
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increased risk of in-hospital mortality in patients with
acute myocardial infarction. By contrast, a previous
investigation did not reveal any sign of a connection
between ALT or AST and CVDs [12]. Kunutsor et al.
[13] indicated that adding total bilirubin to the existing
risk factors panel does not significantly enhance the
ability to predict the risk of CVDs.

Cardiac troponin | (cTnl) and C-reactive protein
(CRP) measurements provide excellent diagnostic and
prognostic accuracy in patients with acute myocardial
infarction [14]. However, the correlation between liver
markers and unstable angina in Anbar Governorate in
Irag has never been explored. This study aimed to assess
the contribution of liver function tests, hs-CRP, and cTnl
to the advancement of unstable angina in adult males
from Ramadi City, Iraq.

Subjects and Methods

Study Design and Participants

This study comprised a sample of 90 adult males aged
40-73 years from the Ramadi district in Irag. Among the
participants, 30 were newly diagnosed with unstable
angina at AL-Ramadi Teaching Hospital between
October 2023 and January 2024. Sixty individuals
without any health issues were included as a control

group.

Ethical Considerations

The research ethics committee of the University of
Anbar approved this study protocol following the World
Medical Association's Declaration of Helsinki (license
number: 147-24-12-2023). All the participants in this
study gave their informed consent for its publication.

Inclusion and Exclusion Criteria

This investigation included patients with unstable angina
who did not have a history of acute illness or terminal
disease. Alcoholism, malignancy, chronic renal disease,
liver disease, or drug-induced steatosis were among the
medical conditions that disqualified applicants.

Collecting Data and Sampling

A well-established questionnaire platform was utilized
to gather demographic data, lifestyle-related risk factors,
medical history, and prescribed medications for
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currently diagnosed or previously diagnosed underlying
disorders. Blood samples were collected within 24 hours
of the patient receiving a diagnosis of unstable angina.
In brief, 5 mL of whole blood was collected, transferred
to gel tubes, and centrifuged at 400xg for 10 minutes.
The serum was then stored in Eppendorf tubes until use
at 20 °C.

Body Mass Index (BMI) and Blood Pressure

The BMI was determined by dividing the weight of the
body in kilograms by the square of the height in meters.
Following a 10-minute interval of rest, the blood
pressure of each arm was monitored on two occasions
with a minimum time interval of 1 minute between each
pair of measurements. Average values from the two
measurements were computed for each arm. The highest
reading was used to determine the mean diastolic (DBP)
and systolic blood pressure (SBP) of both arms. High
blood pressure was indicated by a SBP of 130 mmHg
and a DBP of 80 mmHg [15].

Diagnostic Criteria and Measurement of Biochemical
Biomarkers

The patients with unstable angina were diagnosed by
cardiologists using cTnl and ECG tests in accordance
with the following diagnostic reference standards: total
cholesterol (T.C) > 200 mg/dL, triacylglycerol (TG) >
150 mg/dL, high-density lipoprotein cholesterol (HDL-
C) < 40 mg/dL, low-density lipoprotein cholesterol
(LDL-C) > 110 mg/dL, ALP > 126 U/L, AST > 59 U/L,
GGT > 40 U/L, bilirubin 0.3-1.0 mg/dL, and high-
sensitivity C-reactive protein (hs-CRP) > 2 mg/L. Serum
liver enzymes, bilirubin, lipid profile, and hs-CRP were
analyzed by enzyme colorimetric assay using a fully
automated Mindray-BS240 autoanalyzer following the

manufacturer’s recommendation [16, 17]. c¢Tnl
concentration was quantified using an
electrochemiluminescence immunoassay  System,

specifically the NIPIGON Robot R1, Ontario, Canada.
Two monoclonal antibodies specific to ¢Tnl were used
to quantify its level I. Fluorescence was measured at 350
nm [18].
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Statistical Analysis

The data were analyzed using version 8.0.1 of Graph
Pad Prism. The mean and standard deviation were
computed to provide clarity to the data. A t-test on
independent samples was utilized to identify any
significant differences between means. The degree of
relationship  between  continuous variables was
ascertained by utilizing Pearson's correlation coefficient
(r). Statistical significance was determined at a
probability threshold of 0.05. Version 22.021 of the
MedCalc software was utilized to compute the area
under the receiver operating curve (ROC curve), cut-off
value, sensitivity, and specificity of liver biomarkers.

Results

This study comprised 30 male patients diagnosed
with unstable angina. The age of the patients ranged
from 40 years to 73 years, with an average age of 60.13
+ 9.63 years. The control group consisted of 60 healthy
men whose average age was 56.77 + 8.33 years. The
BMI, SBP, DBP, TG, total cholesterol, LDL, AST,
GGT, bilirubin, cTnl, and hs-CRP levels in the patients
with unstable angina were significantly greater than
those in the control group (p<0.05). No notable
differences in ALP level were observed between the two
groups (P>0.05). The HDL in the patients was lower
than that in the control group (P>0.05) (Table 1).

In the patients with unstable angina, Pearson
correlation and linear regression analyses revealed the
significant positive correlation (p<0.05) of serum cTnl
with age, SBP, triglyceride, and total cholesterol.
Furthermore, an examination of cTnl levels revealed no
correlation with BMI, DBP, high-density lipoprotein
(HDL), and low-density lipoprotein (LDL) as presented
in Table 2. A significant positive correlation (p<0.05)
with serum cTnl concentration was observed for the
levels of bilirubin, AST, and GGT in the patients with
unstable angina (Table 2, Figure 1). According to the
Pearson correlation coefficient values (Table 2, Figure
1D), the strongest correlation (r = 0.503, p<0.05) was
observed between c¢Tnl and bilirubin. AST, SBP, and
GGT were also found to have a moderate correlation
with cTnl.

Journal of University of Anbar for Pure Science (JUAPS)

156

Open Access

Table 1. Characteristics (including demographic and
clinical aspects) of the groups being studied.

Variables Patient group | Control group p-value
Mean | £SD | Mean | £SD
Age (year) 60.13 | 9.63 | 56.77 | 8.33 0.0900
BMI (kg/m’) 27.36 | 1.59 | 2641 | 2.22 0.0410
SBP (mmHg) 137.0 | 12.29 | 121.3 | 5.88 | <0.0001
DBP (mmHg) 85.50 | 16.47 | 80.75 | 4.20 0.0376
TG (mg/dL) 169.2 | 44.36 | 1354 | 23.19 | <0.0001
T.C. (mg/dL) 197.0 | 39.88 | 173.8 | 28.49 | 0.0024
HDL (mg/dL) 3593 | 6.84 | 38.54 | 6.93 0.1035
LDL (mg/dL) 130.6 | 34.84 | 117.3 | 23.49 | 0.0455
ALP (U/L) 95.39 | 22.75 | 92.44 | 20.51 | 0.5399
AST (U/L) 24.55 | 6.03 | 16.82 | 6.73 0.0223
GGT (U/L) 2473 | 7.6 | 2117 | 7.09 0.0436
Bilirubin (mg/dL) | 0.448 | 0.128 | 0.185 | 0.084 | <0.0001
cTnl (ng/mL) 0.031 | 0.007 | 0.013 | 0.001 | <0.0001
hs-CRP (ng/L) 8.636 | 3.124 | 2.444 | 1.718 | <0.0001

Data are presented as mean * standard deviation (SD).
Utilizing the Student's t-test to distinguish unstable angina
patients from the control group. BMI- body mass index, SBP-
systolic blood pressure, DBP- diastolic blood pressure, TG-
triglyceride, T.C.- total cholesterol, HDL- high-density
lipoprotein, LDL- low-density lipoprotein, ALP- alkaline
phosphatase, AST- aspartate transaminase, GGT- gamma-
glutamyl transferase, Tcnl- troponin 1, hs-CRP- high-
sensitivity C-reactive protein. P<0.05 was considered a
statistically significant difference.

Table 2. Serum cTnl concentration levels with studied

variables.

Variable 1 Variable 2 r* p-value
Age (year) 0.3468 0.0008

BMI (kg/m?) 0.1961 0.0654
SBP (mm Hg) 0.4751 | <0.0001

DBP (mm Hg) 0.0829 0.4372

TG (mg/ dL) 0.3561 0.0006

T.C. (mg/ dL) 0.2730 0.0101

cTnl (ng/mL,) HDL (mg /dL) 20.0104 | 0.9221
LDL (mg/ dL) 0.1531 0.1645

ALP (U/ L) 0.0990 0.3585

AST (U/ L) 0.4778 | <0.0001

GGT (U/L) 0.3137 0.0052
Bilirubin (mg/dL) | 0.5036 | <0.0001

cTnl- troponin I, BMI- body mass index, SBP- systolic
blood pressure, DBP- diastolic blood pressure, TG-
triglyceride, T.C.- total cholesterol, HDL- high-density
lipoprotein, LDL- low-density lipoprotein, ALP-
alkaline phosphatase, AST- aspartate transaminase,
GGT- gamma-glutamyl transferase.

*r- Pearson's coefficient correlation of parameters.
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Figure 1. Correlations between troponin I and hepatic
markers. A: correlation with alkaline phosphatase (ALP), B:
correlation with aspartate transaminase (AST), C: correlation
with y-glutamyl transferase (GGT), D: correlation with
bilirubin.

Statistical analysis revealed the positive
correlation (Table 3) of hs-CRP levels with age, SBP,
DBP, TG, total cholesterol, and LDL in the patients with
unstable angina. Furthermore, ¢Tnl was found to be
inversely associated with HDL (P > 0.05). Among the
liver functions studied, a significant positive correlation
with serum hs-CRP levels was observed for AST (r =
0.52, p<0.05) and GGT (r = 0.50, p<0.05) (Figure 2).

Table 3. Correlations of serum hs-CRP levels with
studied variables.

hs-CRP- high-sensitivity C-reactive protein.

*r- Pearson's coefficient correlation of parameters.

Variable 1 Variable 2 r* p-value
Age (year) 0.2655 | 0.0196

BMI (kg/m?) 0.1386 | 0.2324

SBP (mm Hg) 0.5258 | <0.0001

DBP (mm Hg) 0.2506 | 0.0276

TG (mg/ dL) 0.3811 | 0.0006

T.C. (mg/ dL) 0.2407 | 0.0350

hs-CRP (ng/L) HDL (mg/dL) | -0.1841 | 0.1090
LDL (mg/ dL) 0.3300 | 0.0044

ALP (U/L) 0.2234 | 0.0557

AST (U/ L) 0.5252 | <0.0001

GGT (U/L) 0.5061 | <0.0001

Bilirubin (mg/dL) | 0.3669 | 0.0013
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Figure 2. Correlations between high-sensitivity C-reactive
protein and liver function tests. A: correlation with alkaline
phosphatase (ALP), B: correlation with aspartate transaminase
(AST), C: correlation with y-glutamyl transferase (GGT), D:
correlation with bilirubin.

The best cutoff value for GGT was 27.3 for the patients
with unstable angina. This threshold had a sensitivity of
43.3% and a specificity of 87.5%. The AUC was 0.671,
with a 95% CI ranging from 0.555 to 0.773. The most
optimal cutoff value for bilirubin was determined to be
0.3, with a sensitivity of 92.6% and a specificity of
83.3%. The AUC was 0.844 with a 95% CI of 0.751 to
0.913 as presented in Table 4 and Figure 3.

Table 4. ROC (area under the receiver operating
characteristic curve) of hepatic markers in patients with
unstable angina.

Cardiac Std. 95% Confidence
AUC . p-value

markers Error interval
ALP (U/L) 0.552 0.0682 0.443 to 0.658 0.4432
AST (U/L) 0.788 0.0492 0.686 to 0.870 <0.0001
GGT (U/L) 0.671 0.0640 0.555 to 0.773 0.0076
Bilirubin 0.844 0.0447 0.751 to 0.913 <0.0001
(mg/dL)

AUC- area under the curve, ALP- alkaline phosphatase, AST-
aspartate transaminase, GGT- gamma-glutamyl transferase.
P<0.05 was considered a statistically significant difference.
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Figure 3. Receiver operating characteristic curves of hepatic
function tests in patients with unstable angina. A: ROC curve
of alkaline phosphatase (ALP), B: ROC curve of aspartate
transaminase (AST), C: ROC curve of y-glutamyl transferase
(GGT), D: ROC curve of bilirubin.

Discussion

Unstable angina is a prevalent condition frequently seen
in the emergency room. Approximately 10% of
individuals diagnosed with ACSs have unstable angina,
which is a clinical condition characterized by
myocardial ischemia occurring at rest or during modest
activity without immediate myocardial necrosis or
damage [19].

This research comprised male patients who experienced
unstable angina within 24 hours following an injury.
Their BMI and levels of blood triglycerides, total
cholesterol, and LDL were elevated. Conversely, their
serum HDL levels were low. Dyslipidemia is a common
risk factor found in individuals with ACSs, with a higher
prevalence in males than in females [20]. A death rate of
13.5% was recorded among individuals with CVD who
have a high BMI [21]. Our findings were consistent with
a previous investigation on patients in a hospital in
Ukraine [4]. The study’s data indicated that individuals
with unstable angina exhibited disruptions in fat
metabolism compared with the control group, signifying
a reduction in HDL and an increase in total cholesterol,
triglycerides, and LDL [4]. Ketelhuth et al. [22]
discovered that patients with unstable angina had higher
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levels of total cholesterol, TG, and LDL than the control
group but found no significant difference in HDL levels
between them.

Studies on individuals with ACS have demonstrated
significant variability in the predictive significance of
abnormalities seen in the biochemical markers of liver
function tests. Thus, the present research sought to
determine the hepatic indicators of males within 24
hours after being admitted for unstable angina.
According to this investigation, individuals with
unstable angina often had increased levels of liver
enzymes and bilirubin. The results of our study did not
align with the prior data, which suggested that AST,
ALT, ALP, and bilirubin levels are within the normal
range for most patients with unstable angina [10].
Nevertheless, a recent investigation has verified that
elevated levels of typical indicators of liver damage
(GGT, ALT, AST, ALP, and bilirubin) are linked to a
high likelihood of developing CVDs [23].

The liver has a high level of metabolic activity.
Therefore, any change in blood flow to the liver during a
sudden heart attack directly or indirectly affects the
circulation and structure of the liver, leading to
increased ALT and AST levels. In addition, liver
congestion can result in a sudden dysfunction of the
right ventricle, causing increased levels of hepatic
transaminases. The leading causes implicated in this
case were venous congestion, impaired hepatocyte
oxygen extraction capacity, and reperfusion injury [11].
Heart failure is a condition when the heart is unable to
pump enough blood to fulfill the body’s metabolic
needs. It is often caused by a malfunctioning heart and
can sometimes show indications of a noncardiac
problem, including liver diseases. Elevated liver
enzymes and direct and indirect serum bilirubin might
result from passive hepatic congestion caused by
increased central venous pressure. Acute hepatocellular
necrosis accompanied by significant increases in serum
aminotransferases may be inherent in compromised
perfusion resulting from reduced cardiac output [24].

The timely identification of people at high risk and
accurate prediction of prognosis is equally important as
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validating the diagnosis of unstable angina. The
predictive significance of liver biomarkers in individuals
with unstable angina remains uncertain. Only a few
studies have evaluated the correlation between cardiac
biomarkers and liver function. Therefore, we
investigated the correlation of ¢Tnl and hs-CRP levels
with liver function tests in patients with early-stage
unstable angina, intending to use this connection as a
prognostic indicator. The findings of our study
demonstrated a good link between c¢Tnl levels and AST
and bilirubin levels. Although a considerable connection
was found between cTnl and GGT, no statistically
significant link was observed between c¢Tnl and ALP
within 24 hours following unstable angina.

Concerning hs-CRP, our findings demonstrated its
excellent association with AST and GGT, a moderate
correlation with bilirubin, and a poor correlation with
ALP. Jasiewicz et al. [25] found a favorable correlation
between the amount of cTnl in the blood and the levels
of ALT and AST in patients with ACS precisely 12
hours after admission. In addition, Demirelli et al. [26]
observed a significant correlation between gamma-
glutamyl transferase activity and troponin. Another
investigation demonstrated a statistically significant but
weak correlation between the highest levels of cTnl and
ALP in plasma (correlation coefficient: 0.21, P = 0.003)
[27]. Previous research has shown a favorable
correlation between hs-CRP and elevated blood GGT
levels. This difference was also found to be significant
in individuals with acute myocardial infarction [28].

The current ROC results indicated that liver function
biomarkers, particularly AST, GGT, and bilirubin, may
help predict the risk of unstable angina. Predicted
outcomes for patients undergoing acute myocardial
infarction can be ascertained using liver indicators as
indicated by prior research. Increased levels of liver
enzymes are associated with a heightened CVD risk.
They can be attributed to heart failure and have a strong
correlation with mortality [29]. Furthermore, the results
of the present investigation aligned with the conclusion
drawn by Xu et al. [30], who determined that increased
levels of bilirubin may be used to predict significant
adverse cardiac events in individuals with ACS.
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Conclusions

This study found that elevated liver function levels were
linked to a high likelihood of developing CVDs. High
concentrations of bilirubin, GGT, and AST were also
found to be correlated with a high likelihood of
developing unstable angina. The findings indicated that
liver enzymes, bilirubin, cTnl levels, and hs-CRP can be
utilized for the early identification of unstable angina.
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