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Background: CVD remains the leading global cause of mortality, especially in individuals with T2D and Pre-DM, where insulin
resistance increases cardiometabolic risk and early myocardial injury often goes unrecognized. This study aimed to evaluate baseline
serum concentrations of H-FABP and Hs-cTnl, biomarkers linked to myocardial injury, in newly diagnosed T2D, Pre-DM, and
normoglycemic individuals, to assess their predictive value for CVEs and the association between H-FABP and HOMA-IR.
Methods: In a prospective cohort study of 72 medication-free participants (25 T2D, 22 Pre-DM, 25 normoglycemic) without clinical
myocardial symptoms, baseline anthropometric and biochemical measurements were obtained, including H-FABP, Hs-cTnl, HbAlc,
fasting glucose, fasting insulin, and HOMA-IR was calculated. Participants were followed one year to evaluate the occurrence of CVE.
Results: Strong correlations between baseline H-FABP and Hs-cTnl across all glycemic groups (all p<0.01) with no significant
intergroup differences. In abnormal weight T2D participants, baseline fasting insulin correlated moderately with baseline H-FABP
(p=0.50, p=0.029) and strongly with baseline HOMA-IR (p=0.74, p<0.001). CVEs occurred in 33.3% of participants and were
associated with elevated baseline H-FABP and Hs-cTnl (p<0.001 and p=0.001), alongside strong biomarker inter-correlation (p=0.64
overall; p=0.84 in CVEs). Both biomarkers independently predicted CVEs; H-FABP had higher sensitivity and NPV, while Hs-cTnl
showed greater specificity and PPV. Glycemic status was not statistically associated with CVE occurrence, although higher HOMA-IR
and insulin were observed in the CVE group (p=0.073 and p=0.054).

Conclusion: These findings support H-FABP as a cardiac biomarker for myocardial injury across normoglycemic, Pre-DM, and T2D
groups. The link between H-FABP and insulin resistance in individuals with greater burden of metabolic disturbance highlights its role
as a cardiometabolic indicator. Both biomarkers predicted CVEs in asymptomatic individuals, with H-FABP potentially useful for
early risk exclusion and Hs-cTnl for confirming high-risk status.
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Background

Cardiovascular diseases (CVDs), affecting the heart and blood vessels, have been the leading cause of death worldwide
for decades, accounting for approximately one-third of all global mortality.' The number of CVD-related deaths has
increased markedly from 12.1 million in 1990 to 20.5 million in 2021."

Notably, CVDs are the number one cause of death among individuals with type 2 diabetes (T2D),” accounting for
approximately 75% of diabetes-related mortality.” Moreover, patients with T2D may have seemingly asymptomatic
cardiovascular damage, with ischemic episodes remaining undetected at a reported prevalence of one in three patients
with diabetes.*”” In addition, silent myocardial infarction is estimated to affect nearly 20% of this population.*

Furthermore, diabetic cardiac autonomic neuropathy—with a prevalence of up to 34% in T2D patients— may cause
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abnormalities in heart rate control and vascular dynamics that can result in asymptomatic ischemia, and painless
infarction.**

Therefore, cardiovascular sequelaec may develop much earlier than detected, with the disease only recognized once
symptoms are more pronounced.* However, patients with T2D often report only weakness and shortness of breath during
exertion, which in many cases might mask significant CVD.* These findings underscore the importance of employing
sensitive and specific biomarkers for the early detection of myocardial injury and proactive cardiovascular screening,
particularly in prediabetes (Pre-DM) and T2D populations.

In this context, heart-type fatty acid binding protein (H-FABP) is a 132-amino-acid, 15 kDa soluble cytoplasmic
protein that is abundantly present in cardiomyocytes, comprising 5—-15% of the total cytosolic protein pool, and is also
found in lower concentrations in extra-cardiac tissues.”'® Its primary function is to transport hydrophobic long-chain
polyunsaturated fatty acids (PUFAs) from the cell membrane to the mitochondria for oxidation.!' Recent studies have

10,12

identified H-FABP as a sensitive biomarker for acute myocardial damage, and have demonstrated associations

between H-FABP elevated circulating concentrations with the development of major adverse cardiac events and
increased mortality in patients with acute coronary syndrome (ACS)."*'°

Similarly, cardiac troponin I (cTnl), a key component of the troponin complex, is specific to cardiac tissue and
predominantly bound to the myocardial contractile apparatus, with a minor fraction present in the cytoplasm.'” High-
sensitivity cardiac troponin I (Hs-cTnl) assays have emerged as a cornerstone biomarker for detecting myocardial
injury.'” Furthermore, elevated circulating concentrations of Hs-cTnl have been linked to an increased risk of future
cardiovascular events (CVEs),'>'® potentially enhancing predictive accuracy and improving risk assessment."’

Taken together, these considerations support further investigation into the predictive potential of H-FABP and Hs-
c¢Tnl for future CVEs. Accordingly, this study aimed to evaluate and compare baseline serum concentrations of H-FABP
and Hs-cTnl in newly diagnosed patients with T2D, Pre-DM, and normoglycemic controls, to assess their predictive
value for CVE, and to investigate potential correlations between H-FABP concentrations and insulin resistance.

Materials and Methods
Study Population

This prospective cohort study was conducted from January 2024 to January 2025, encompassing a follow-up period of
approximately one year after sample collection. At the end of this period, participants were re-contacted to determine
whether they had experienced CVE during follow-up.

Between April 2023 and January 2024, participants were recruited using stratified randomization based on glycemic
status at the National University Hospital Endocrine Clinic and Al-Zahira Specialized Medical Centers Diabetic Clinic in
Damascus, Syria.

Ethical approval was obtained from the Biomedical Research Ethics Committee (BMREC) of Damascus University
(Session 5, Date 29/01/2022; Reference PH-290122-28). The study was conducted in accordance with the Declaration of
Helsinki (1964). Written informed consent was obtained from all participants prior to sample collection.

A total of of 72 medication-free participants without clinical myocardial symptoms were categorized into three groups
based on glycemic status: newly diagnosed T2D (n=25; 17 males and 8 females), Pre-DM (n=22; 13 males and 9
females), and normoglycemic controls (n=25; 13 males and 12 females).

Glycemic status was defined according to the American Diabetes Association (ADA, 2022) criteria. T2D was defined
by fasting plasma glucose >125 mg/dL and hemoglobin A1C (HbAlc) >6.4%, while prediabetes was characterized by
fasting plasma glucose between 100 and 125 mg/dL and HbAlc between 5.7 and 6.4%. Participants classified as
normoglycemic had fasting plasma glucose <100 mg/dL and HbAlc <5.7%.

Participants were selected based on the following inclusion criteria:

e Males aged 1865 years and females aged post-menopause to 65 years.
e Newly diagnosed, medication-free individuals with T2D or prediabetes.
e Absence of clinical myocardial symptoms.
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We excluded participants based on the following exclusion criteria:

Presence of congenital or acquired heart disease.

Diagnosed with type 1 diabetes (T1D), gestational diabetes (GD), specific types of diabetes.
e Diagnosed with type 2 diabetes and managed with medication.

Known dyslipidemia, renal dysfunction, hypertension, or clinical myocardial symptoms.

Ongoing treatment for chronic or acute medical conditions.

Smoking habits (current or former smoker).

Baseline clinical and anthropometric data were recorded, and blood samples were collected from all participants.
Measured biochemical parameters included H-FABP and Hs-cTnl serum concentrations, HbAlc, fasting glucose and
insulin. Insulin resistance was assessed using the homeostatic model assessment of insulin resistance (HOMA-IR).
Samples were analyzed according to the manufacturers’ standardized protocols.

In January 2025—approximately one year following the completion of sample collection—all participants were re-
contacted to collect clinical data related to CVE.

Clinical Examination
Participants completed a standardized questionnaire, to gather medical history, current medication use, and smoking
status. An anthropometric assessment was then conducted, including measurements of height (using a stadiometer),
weight (using a digital weight scale), and waist circumference (measured at the upper borders of the hip bones using
a standardized measuring tape).

Resting systolic and diastolic blood pressures were recorded using a mercury sphygmomanometer following a 5-minute
resting period. Body mass index (BMI) was calculated as body weight (kg) divided by height squared (m?).

Laboratory Investigation

Approximately 5 mL of fasting venous blood was collected via venipuncture and centrifuged at 1210 relative centrifugal
force (RCF) for 10 minutes. Plasma from heparin tubes was used for fasting glucose and insulin measurements, followed
by HOMA-IR calculation. Whole blood collected in EDTA tubes was analyzed for HbAlc levels. Serum from plain tubes
was aliquoted and stored at —80 °C until batch analysis for Hs-cTnl and H-FABP.

Laboratory Tests Methods and Principles

Serum concentrations of H-FABP and Hs-cTnl were analysed using two distinct commercial human sandwich enzyme-
linked immunosorbent assay (ELISA) kits from MyBioSource laboratories (USA), in accordance with the manufacturer’s
instructions. Absorbance was measured using a BioTek ELx800 Absorbance Microplate Reader.

The lower detection limit for H-FABP assay was 0.01 ng/mL, with an inter-assay coefficient of variation below 10% and
an intra-assay coefficient of variation below 8%. Similarly, the lower detection limit for Hs-cTnl assay was 3.62 ng/L, with
an inter-assay and intra-assay coefficients of variation below 10.0% and 8.0%, respectively.

The determination of HbAlc, fasting insulin, and fasting glucose was performed using turbidimetric inhibition
immunoassay (TINIA) with Cobas® Tina-quant Hemoglobin Alc Gen.3, sandwich electrochemiluminescence immu-
noassay (ECLIA) with Cobas® Elecsys Insulin, and enzymatic reference method with hexokinase via Cobas® Glucose
HK GLUCS, respectively, all from Roche Diagnostics (USA), analyzed on COBAS INTEGRA 400 plus, COBAS E601,
and COBAS C311 analyzers.

The HOMA-IR was calculated using the following formula:

HOMA—IR = fasting glucose (mmol/L) x fasting insulin (mIU/L)
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Study End Points

CVE status was assessed at the end of the one-year follow-up period from baseline sampling. The primary endpoint of
the study was the occurrence of CVE, defined as clinically significant events including arrhythmia, stable or unstable
angina, and nonfatal myocardial infarction. Clinical diagnoses were determined by experienced cardiologists, and data
were collected via structured telephone interviews.

Statistical Analysis
The statistical analysis was performed using IBM SPSS statistics (version 25) software, originally known as the
Statistical Package for the Social Sciences.

Categorical variables were expressed as counts and percentage (%), while continuous variables were presented as
mean + standard deviation (SD). Data normality was assessed using the Shapiro—Wilk and Kolmogorov—Smirnov tests.
When normality was not met, appropriate nonparametric tests were applied.

The chi-square test was used to evaluate the statistical association between categorical variables, assessing whether
differences in their distributions were significant.

Comparison of quantitative variables across the three groups was performed using one-way ANOVA for normally
distributed data and the Kruskal-Wallis H-test when the assumption of normality was not met.

Comparison of quantitative variables between two groups was performed using the independent samples ¢-test for
normally distributed data and the Mann—Whitney U-test when the assumption of normality was not met.

Spearman’s rank correlation coefficient was used to assess the strength and direction of associations between selected
parameters. Linear regression analysis was performed to evaluate the relationship between independent and dependent
variables.

Binomial logistic regression analysis was used to assess the effect of independent variables on the likelihood of
developing cardiovascular events.

The Receiver Operating Characteristics (ROC) Curves were constructed, and the Area Under the Curve (AUC) was
calculated to evaluate the predictive performance of H-FABP and Hs-cTnl serum concentrations for CVE. Optimal cut-
off values, along with corresponding sensitivity and specificity, were determined to assess classification accuracy.

A p-value < 0.05 was considered to indicate statistical significance.

Results

At baseline, we studied 72 participants, including 43 males (59.7%) and 29 females (40.3%). The mean age of males was
44.51+11.45 years (range: 21-65 years), with a mean BMI of 27.39+3.99 Kg/m? (range: 18.61-34.96 Kg/m?). Females had
a mean age of 54.66+5.53 years (range: 4565 years) and a mean BMI of 27.60+4.50 Kg/m? (range: 18.55-34.08 Kg/m?).

Participants were divided into three groups based on glycemic status: newly diagnosed T2D (n=25; 68.0% males,
32.0% females; mean age 50.80+9.42 years; BMI 29.11+£3.67 Kg/mz), Pre-DM (n=22; 59.1% males, 40.9% females;
mean age 51.73+8.35 years; BMI 29.22+3.45 Kg/m?), and normoglycemic controls (n=25; 52.0% males, 48.0% females;
mean age 43.64+12.25 years, BMI 24.30+3.40 Kg/m?). All participants were medication-free and showed no clinical
myocardial symptoms at the time of enrollment.

The mean age of the T2D patients was 50.80+9.42 years, Pre-DM patients 51.73+8.35 years, and normoglycemic
individuals 43.6412.25 years (p=0.076). The mean BMI was 29.11+3.67 Kg/m? for T2D patients, 29.22+3.45 Kg/m? for
Pre-DM patients, and 24.30+3.40 Kg/m? in the normoglycemic group (p<0.001). The mean waist circumference was
104.56+8.50 cm in T2D patients, 106.95£9.36 cm in Pre-DM patients, and 91.00+8.03 cm among normoglycemic group
(p<0.001).

Our study showed no significant difference in baseline serum concentrations of H-FABP and Hs-cTnl among the
T2D, Pre-DM and normoglycemic groups (p=0.165, p=0.467, respectively). Baseline characteristics and biochemical
parameters of the subjects are summarized in Table 1.

No significant correlation was found between baseline serum concentrations of H-FABP and HOMA-IR in the overall
study group (p=0.381). Similarly, baseline serum concentrations of Hs-cTnl showed no statistically significant correlation
with HOMA-IR (p=0.310).
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Table | Baseline Characteristics of Participants in Normoglycemic, Pre-DM, and

T2D Groups
Parameter Normoglycemic Pre-DM T2D P-value
n=25 n=22 n=25
Sex n (%) 0.513°
Male 13 (52.0) 13 (59.1) 17 (68.0)
Female 12 (48.0) 9 (40.9) 8 (32.0)
Age (year) 43.64%12.25 51.73+8.35 50.80+9.42 0.076°
Weight (Kg) 67.60£10.72 81.36+9.98 83.52+13.94 | <0.001**
Height (cm) 166.68+8.29 167.09+9.06 169.16£9.79 0.612*
BMI (Kg/m?) 24.30+3.40 29.22+3.45 29.11£3.67 <0.001**
Waist (cm) 91.00+8.03 106.95+9.36 104.56+8.50 | <0.001%*
Glucose (mg/dL) 90.20+5.73 106.45+5.98 194.80£50.64 | <0.001%*
HbAIlc (%) 5.35+0.21 6.13+0.25 9.50+1.77 <0.001>*
Insulin (nIU/mL) 5.63£1.62 10.86+3.65 12.03+4.84 <0.001°*
HOMA-IR 1.26+0.38 2.83+0.89 5.60+2.21 <0.001°*
H-FABP (ng/mL) 4.23%2.12 3.71£2.46 4.57+3.82 0.165°
Hs-cTnl (ng/L) 271.13£110.29 256.45+153.62 | 299.37+209.54 | 0.467°

Notes: Data is shown as mean * SD or percentage, *One Way ANOVA test, ®Kruskal-Wallis H test, “Chi-
Square test, *Significance level is 0.05.

Abbreviations: T2D, type 2 diabetes; Pre-DM, prediabetes; BMI, body mass index; HbAlc, hemoglobin
Alc; HOMA-IR, homeostatic model assessment of insulin resistance; H-FABP, heart-type fatty acid binding
protein; Hs-cTnl, high-sensitivity cardiac troponin I; SD, standard deviation.

Participants were divided into two subgroups based on the upper limit of the normal BMI range, normal weight and
abnormal weight. In the abnormal weight T2D subgroup, baseline fasting insulin concentrations showed a moderate
positive correlation with baseline serum H-FABP concentrations (p=0.50, p=0.029), and a strong positive correlation
with baseline HOMA-IR levels (p=0.74, p<0.001). In the normal weight T2D subgroup, baseline fasting insulin
concentrations showed strong positive correlation with baseline HOMA-IR levels (p=0.83, p=0.042), whereas no
statistically significant correlation was found with baseline serum H-FABP concentrations (p=0.787).

A strong positive correlation was observed between baseline serum concentrations of H-FABP and Hs-cTnl in the
overall study group (p=0.64, p<0.001). Similarly, strong positive correlations were found within the normoglycemic
group (p=0.57, p=0.003), Pre-DM group (p=0.55, p=0.008) and T2D group (p=0.66, p<0.001), as shown in Figures 1-4,
respectively.

Linear regression analysis revealed a significant linear relationship between Hs-cTnl and H-FABP baseline serum
concentrations in the overall study group (p<0.001). The regression coefficient for Hs-cTnl was 16.27 (p<0.001), while
the model intercept was not statistically significant (—306.35, p>0.05), as detailed in Table 2.

Based on the regression model, for every 1-unit increase in Hs-cTnl, H-FABP concentrations increase by 16.27 units,
described by the equation:

H — FABP = 16.27 x Hs—cTnl

The coefficient of determination (R?) was 0.83, indicating that 83.0% of the variability in H-FABP concentrations is
explained by Hs-cTnl concentrations.
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Figure | Correlation between baseline serum concentrations of H-FABP and Hs-cTnl in the overall study group.
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Figure 2 Correlation between baseline serum concentrations of H-FABP and Hs-cTnl in the normoglycemic group.
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Figure 3 Correlation between baseline serum concentrations of H-FABP and Hs-cTnl in the Pre-DM group.

15.00
5
£
2
U
I 1000
s
c
S
E p-value < 0.001
§ p =066
8
£ 500 Strong Positive Correlation
5
7]
o
£
©
©
a1]
00

.00 200.00 400.00 600.00 800.00 1000.00

Baseline serum concentration of Hs-cTnl (nhgi/L)

Figure 4 Correlation between baseline serum concentrations of H-FABP and Hs-cTnl in the T2D group.
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Table 2 Linear Relationship Coefficients Between Hs-cTnl and H-FABP Concentrations

Coefficients

Model Unstandardized Coefficients | Standardized Coefficients t Sig.
B Std. Error Beta

(Constant) —306.35 281.18 -1.09 | 0.280

Hs-cTnl Concentrations 16.27 0.88 091 18.50 | <0.001*

Notes: Dependent Variable: H-FABP Concentrations, Predictors: (Constant), Hs-cTnl Concentrations, *Significance level is 0.05.
Abbreviations: H-FABP, heart-type fatty acid binding protein; Hs-cTnl, high-sensitivity cardiac troponin I; Std. error, standard error.

One year after sampling, all participants were re-contacted to collect clinical data related to CVE. Based on CVE
occurrence, participants were categorized into two outcome groups: the developed-CVE group (n=24, 33.3%) and the
non-CVE group (n=48, 66.7%).

The mean age in the developed-CVE group was 50.92+6.26 years, and 47.44+12.25 years in the non-CVE group (p=0.507).
The mean BMI in the developed-CVE group was 28.12+4.31 Kg/m?, while in the non-CVE group was 27.15+4.11 Kg/m*
(p=0.225). The mean waist circumference was 101.96+11.32 c¢m in the developed-CVE group, and 99.90£11.00 cm in the non-
CVE group (p=0.460).

Baseline glycemic status (normoglycemic, Pre-DM, and T2D groups) was not significantly associated with CVE
development at the end of the one-year follow-up period (p=0.319), participants who developed CVE exhibited a trend
toward higher baseline HOMA-IR and fasting insulin concentrations (p=0.073 and p=0.054, respectively). The char-
acteristics and biochemical parameters of subjects are summarized in Table 3.

Table 3 Baseline Characteristics of Participants in Developed-CVE
and Non-CVE Groups

Parameter Non-CVE Developed-CVE | P-value
N=48 N=24
Sex n (%) 0.865°
Male 29 (60.4) 14 (58.3)
Female 19 (39.6) 10 (41.7)
Glycemic status n (%) 0.319¢
Normoglycemic 19 (39.6) 6 (25.0)
Prediabetic 15 (31.3) 7(29.2)
Type 2 Diabetic 14 (29.2) 11 (45.8)
Age (year) 47.44£12.25 50.92+6.26 0.507°
Weight (Kg) 76.19+13.38 79.63%14.13 0.317%
Height (cm) 167.4619.41 168.08+8.32 0.784*
BMI (kg/m2) 27.15%4.11 28.12+4.31 0.225°
Wiaist (cm) 99.90+11.00 101.96x11.32 0.460*
Glucose (mg/dL) 128.40+56.79 137.67+53.87 0.162°
HbAIc (%) 6.872.19 7.36x1.97 0.130°
Insulin (RIU/mL) 8.83+4.46 10.68+4.61 0.054°
HOMA-IR 2.97£2.29 3.80+2.29 0.073°

Notes: Data is shown as mean + SD or percentage, *Independent Samples t-test, "Mann—
Whitney U test, “Chi-Square test, Significance level is 0.05.

Abbreviations: CVE, cardiovascular event; BMI, body mass index; HbAlc, hemoglobin
Alc; HOMA-IR, homeostatic model assessment of insulin resistance.
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Our study revealed a significant difference in baseline serum concentrations of H-FABP and Hs-cTnl between the
developed-CVE and non-CVE groups at the end of the one-year follow up period (p<0.001, p=0.001 respectively).
Notably, baseline serum concentrations of both biomarkers were higher in the developed-CVE group, as shown in
Figures 5 and 6, respectively.

In addition, baseline serum concentrations of H-FABP and Hs-cTnl were positively correlated in both the developed-
CVE and non-CVE groups. The correlation was stronger in the developed-CVE group (p=0.84, p<0.001), whereas
a moderate positive correlation was observed in the non-CVE group (p=0.45, p=0.001), as shown in Figures 7 and 8,
respectively.

Binomial logistic regression models were employed to evaluate the likelihood of developing CVE one year after
sampling. Each model incorporated a distinct biomarker—H-FABP or Hs-cTnl—alongside the same five additional
predictor variables: glycemic status, sex, age, BMI, and HOMA-IR.
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Figure 5 Comparison of H-FABP baseline serum concentrations between developed-CVE and non-CVE groups.
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Figure 6 Comparison of Hs-cTnl baseline serum concentrations between developed-CVE and non-CVE groups.
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Table 4 Predictive Value of Baseline Serum Concentrations of H-FABP and Hs-cTnl in CVE Development

Variables | Total(n) | TP | FP | TN | FN Sensitivity Specificity PPV NPV AUC
TPI/(TP+FN) (%) | TN/(TN+FP) (%) | TP/(TP+FP) (%) | TN/(TN+FN) (%)

H-FABP 72 15 6 42 9 62.5 87.5 71.4 82.3 0.77

Hs-cTnl 72 12 2 46 12 50.0 95.8 85.7 793 0.73

Abbreviations: H-FABP, heart-type fatty acid binding protein; Hs-cTnl, high-sensitive cardiac troponin |; TP, true positive; FP, false positive; TN, true negative; FN, false
negative; PPV, positive predictive value; NPV, negative predictive value; AUC, area under the curve.

Model |: H-FABP as a Predictor

The regression model evaluating baseline serum H-FABP concentrations as a predictor was statistically significant (p<0.001),
explaining 43.9% of the variance in CVE development (Nagelkerke’s R?) and correctly classifying 79.2% of cases.

Among the six predictor variables, only H-FABP was statistically significant (p<0.001), with an odds ratio (OR) of
2.62 (95.0% CI: 1.33-5.15) per unit increase in baseline serum H-FABP concentrations, indicating an increased
likelihood of CVE development.

Model 2: Hs-cTnl as a Predictor

Similarly, the regression model assessing baseline serum Hs-cTnl concentrations as a predictor was statistically
significant (p<0.001), explaining 42.1% of the variance in CVE development (Nagelkerke’s R?) and correctly classifying
79.2% of cases.

Among the six predictor variables, only Hs-cTnl was statistically significant (p<0.001), with an OR of 1.02 (95.0%
CI: 1.00-1.03) per unit increase in baseline serum Hs-cTnl concentrations, indicating an increased likelihood of CVE
development.

The cut-off values for baseline serum concentrations of H-FABP and Hs-cTnl (4.04 ng/mL and 297.62 ng/L,
respectively) were determined using ROC curve analysis, based on enrolment blood samples and comparison between
patients who developed CVE and those who did not.

H-FABP demonstrated better predictive performance, with an AUC of 0.77 (95.0% CI: 0.65-0.89, p<0.001),
compared to Hs-cTnl, which had an AUC of 0.73 (95% CI: 0.60-0.86, p=0.001).

Using the H-FABP cut-off value among 72 participants, 15 patients were true positive (TP), 6 were false positive
(FP), 9 were false negative (FN), and 42 were true negative (TN). However, using the Hs-cTnl cut-off value, there were
12 TP, 2 FP, 12 FN, and 46 TN. The sensitivity, specificity, positive predictive value (PPV), and negative predictive value
(NPV) for H-FABP and Hs-cTnl are presented in Table 4.

Discussion
At baseline, the study cohort comprised newly diagnosed patients with T2D and Pre-DM, as well as normoglycemic
participants. All were medication-free with no clinical myocardial symptoms. After one year, some participants had
developed clinical CVE.

The purpose of this study was to evaluate and compare baseline serum concentrations of H-FABP and Hs-cTnl in
newly diagnosed patients with T2D, Pre-DM, and normoglycemic controls, to assess the predictive value of these
biomarkers for CVE, and to investigate potential correlations between H-FABP concentrations and HOMA-IR.

15,16

Apart from myocardial infarction, recent research has focused on H-FABP and its association with myocardial

injury in the context of various metabolic disturbances, including diabetes, prediabetes, obesity, and non-alcoholic fatty
liver disease, highlighting possible relationships between H-FABP and these metabolic conditions.?* >

In line with existing literature, our study demonstrated a strong and significant positive correlation between baseline
serum concentrations of H-FABP and the established myocardial injury biomarker Hs-cTnl across participants with T2D,
Pre-DM and normoglycemic groups.

These findings may indicate that cardiomyocytes are the likely source of baseline serum H-FABP concentrations and

suggest that H-FABP could potentially reflect myocardial injury in T2D, Pre-DM, and normoglycemic groups. This is
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supported by the exclusive presence of ¢Tnl within cardiomyocytes, in contrast to the broader tissue distribution of
H-FABP.">**

Moreover, based on the regression model, our study demonstrated that for every 1-unit increase in Hs-cTnl, H-FABP
concentrations increased by 16.27 units. This finding may be explained by the fact that, within cardiomyocytes, H-FABP
is abundantly located in the cytoplasm in a freely soluble form, whereas cTnl is predominantly bound within the
contractile apparatus (despite of its cytoplasmic small fraction, approximately 3.0-4.0% of cardiac troponin I).”'”

The unique localization, molecular form, and distribution of H-FABP and Hs-cTnl may impact their sensitivity and
specificity, highlighting their potential utility as myocardial injury indicators in T2D, Pre-DM, and normoglycemic
populations.

Notably, no statistically significant correlation was observed between baseline myocardial injury indicators (H-FABP
and Hs-cTnl) and insulin resistance, as measured by HOMA-IR, in the overall study population. Furthermore, our study
found no significant differences in the baseline serum concentrations of these indicators across T2D, Pre-DM, and
normoglycemic groups.

Our findings suggest that the newly identified type 2 diabetes without cardiometabolic comorbidities—representing
a less advanced form of metabolic disturbance compared to established diabetes with complications—did not signifi-
cantly impact the incidence of myocardial injury. This observation may, in part, be influenced by the relatively small
sample size. However, prolonged exposure or progression to more advanced metabolic disturbances may contribute to
significant myocardial damage and warrants further investigation. Additionally, the potential presence of subclinical or
undetected cardiac risk factors may have influenced biomarkers concentrations among normoglycemic and prediabetic
participants, potentially contributing to myocardial injury at a subclinical level.

The study by Akbal et al,*® reported that serum H-FABP concentrations were significantly higher in diabetic patients
with metabolic syndrome (MTS) compared to nondiabetic MTS patients. Additionally, a significant difference was
observed between nondiabetic MTS patients and control subjects, further supporting the association between H-FABP
concentrations and the severity of metabolic disturbance.

In our study, T2D individuals with abnormal weight, reflecting a greater burden of metabolic disturbance relative to
those with normal weight, exhibited a moderate positive correlation between baseline fasting insulin and baseline serum
H-FABP concentrations.

This correlation highlights a broader metabolic interplay, where insulin resistance, through its influence on fasting
insulin, may contribute to variations in H-FABP concentrations. These findings suggest a possible metabolic link between
H-FABP and insulin resistance, particularly in individuals with greater burden of metabolic disturbances. This relation-
ship likely reflects the effect of insulin resistance on the regulatory mechanisms governing H-FABP expression and
serum concentrations.

H-FABP is involved in lipid transport and cardiomyocyte metabolic homeostasis. Its expression is influenced by
microRNA-1 (miR-1), which is downregulated by insulin-like growth factor 1 (IGF-1).° Additionally, fatty acids
contribute to FABPs transcription through peroxisome proliferator-activated receptor o (PPAR-a).?’ As ligand-
activated transcription factor, PPAR-a regulates genes associated with fatty acid oxidation, including intracellular free
fatty acid (FFA) transporters, mitochondrial import proteins, and essential enzymes for lipid metabolism.*®

These insights could support the potential role of H-FABP as a cardiometabolic indicator of myocardial injury and
may enhance its sensitivity, especially in conditions characterized by insulin resistance.

In addition, the present study demonstrated a positive correlation between baseline serum concentrations of H-FABP
and Hs-cTnl in both the developed-CVE and non-CVE groups, with the association appearing more pronounced among
individuals who subsequently developed CVE. This finding reinforces the notion that cardiomyocytes are the likely
source of elevated baseline serum H-FABP concentrations.

Baseline serum concentrations of H-FABP and Hs-cTnl were significantly higher among participants who developed
CVE compared to those who did not, suggesting that latent cardiac damage in the form of subclinical myocardial injury
may have been present at baseline. Over the following year, this injury appeared to progress to clinical myocardial injury,
manifesting as a CVE.
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Binary logistic regression analysis, adjusted for glycemic status, HOMA-IR, sex, age, and BMI, revealed
a statistically significant association between baseline serum concentrations of H-FABP and Hs-cTnl with CVE
occurrence at the end of the one-year follow-up period. Both models demonstrating good predictive accuracy at 79.2%.

Sensitivity and specificity analysis demonstrated that the H-FABP model outperformed in terms of sensitivity, with an
odds ratio of 2.62 (95.0% CI: 1.33-5.15). Conversely, the Hs-cTnl model showed superior specificity, with an odds ratio
of 1.02 (95.0% CI: 1.00-1.03).

The predictive characteristics of the two biomarkers become evident at their respective cutoff values (4.04 ng/mL for
H-FABP and 297.62 ng/L for Hs-cTnl). However, given the preliminary nature of this assessment, larger and more
diverse cohorts are needed to validate their stability and clinical applicability.

H-FABP exhibited higher sensitivity (62.5%) and a superior negative predictive value (82.3%), but lower specificity
(87.5%) and positive predictive value (71.4%) compared to Hs-cTnl. Conversely, Hs-cTnl demonstrated greater
specificity (95.8%) and a higher positive predictive value (85.7%) but had lower sensitivity (50.0%) and a negative
predictive value (79.3%) compared to H-FABP.

Based on the findings, the significance of both biomarkers cannot be overlooked, as each exhibits distinct character-
istics that enhance its role as a cardiac biomarker. Given the superior sensitivity and negative predictive value of H-FABP
compared to Hs-cTnl, future studies—if aligned and complementary—may benefit from utilizing H-FABP for the early
exclusion of myocardial injury and indicating a reduced likelihood of developing CVE in the near future.

This advantage is attributed to its rapid release into the bloodstream upon myocardial injury, occurring earlier and at
a higher rate than cardiac troponin due to its lower molecular weight and abundant free soluble presence within
cardiomyocytes.'®

H-FABP is believed to leak into the systemic circulation upon a transient increase in sarcolemmal membrane
permeability, even following short-term ventricular stress, a phenomenon referred to as “wounding” of myocytes."'
Additionally, its serum concentrations can rise to more than 100 times those of cardiac troponin,'® which is predomi-
nantly bound to the myocardial contractile apparatus despite of its small cytoplasmic fraction.'’

The high specificity of Hs-cTnl and its superior positive predictive value compared to H-FABP may be beneficial in
strengthening the confirmation of myocardial injury and the cardiac origin of these biomarker concentrations in the
bloodstream. Additionally, it may help indicate an increased likelihood of developing CVE in the future, following the
initial indication of myocardial injury via H-FABP. This is attributable to the exclusive presence of cTnl within
cardiomyocytes, in contrast to the broader distribution of H-FABP.'>*

In our study, baseline glycemic status did not have a significant impact on cardiac outcomes. However, a tendency
toward higher HOMA-IR and fasting insulin concentrations was observed among participants who developed CVE,
potentially due to several factors, including differences in medication management, patient compliance, dietary habits,
blood sugar control, familial history or the presence of undetected cardiac risk factors. These variables may have
contributed to CVE risk throughout the follow-up period. Additionally, this trend may have been influenced by the
relatively small sample size of the study groups.

This follow-up study was conducted over approximately one year following sample collection, which may have
limited our ability to capture the full clinical spectrum of CVEs, including symptoms that could emerge over a longer
observation window. Furthermore, the limited sample size and the absence of repeated measurements of serum
concentrations of the cardiac biomarkers H-FABP and Hs-cTnl following the initial sampling restricted our ability to
fully assess their association with specific types of CVEs.

Additionally, the lack of cardiologist assessment at baseline may have impacted the identification of congenital or
acquired cardiac conditions. Furthermore, CVE occurrence data was collected via phone interviews, introducing potential
recall bias and limiting the accuracy of event verification.

Further studies are required to validate our findings. Larger prospective studies are essential to investigate the
potential associations of H-FABP with various metabolic conditions, conventional myocardial injury indicators, athero-

sclerosis, and inflammatory markers.
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Conclusions

The strong correlation found between H-FABP and Hs-cTnl concentrations across T2D, Pre-DM, and normoglycemic
groups highlights the potential utility of H-FABP as a cardiac biomarker for myocardial injury across different glycemic
statuses. In cases of newly identified glucose dysregulation without cardiometabolic comorbidities, myocardial damage
may not be significantly affected, although subclinical or undetected cardiac risk factors may still contribute. However,
among individuals with a greater burden of metabolic disturbance, a potential link between H-FABP and insulin
resistance, suggesting that H-FABP may serve as a cardiometabolic indicator of myocardial injury in metabolic disorders,
especially in conditions associated with insulin resistance.

This study suggests that baseline serum concentrations of H-FABP and Hs-cTnl could have predictive value for CVEs
in medication- free individuals newly diagnosed with T2D, prediabetes, or normoglycemia, and without clinical
myocardial symptoms. Both biomarkers were independently associated with CVE occurrence after adjustment for
confounding variables.

H-FABP appeared to demonstrate greater sensitivity and negative predictive value, which may support its potential
use in early exclusion of myocardial injury and in identifying individuals at lower short-term risk. Conversely, Hs-cTnl
showed relatively higher specificity and positive predictive value, indicating its possible utility in confirming myocardial
injury and identifying those at higher short-term risk for future CVE.
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