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Abstract 

Background: People with type 2 diabetes means they are more likely to progress many complications 

such as hyperglycemia, low-grade inflammation, insulin resistance, and accelerated heart disease. Diabetic 

heart disease (DHD) can be diabetic cardiomyopathy, heart failure (HF), and coronary heart disease. 

Methods: Blood samples from 100 patients with DHD, and 76 controls included   [diabetic patients without 

cardiac diseases 56, and 20 healthy individuals were collected. C reactive protein (CRP) and neutrophil-

lymphocyte ratio (NLR), vascular cell adhesion molecule (VCAM), B-type natriuretic peptide (BNP), were 

estimated in all study individuals. The area under receiver-operating characteristic curve (AUC) was used to 

evaluate the diagnostic accuracy of the single and combined markers. Results: Levels of CRP, BNP, and 

NLR had significant differences but VCAM had no significant differences among DHD, controls, diabetic, 

and healthy individuals groups.  Then VCAM marker was excluded from further analysis. CRP was the most 

efficient biomarker among markers for discriminating DHD patients from healthy individuals, diabetic 

patients and, controls with AUCs were 0.99, 0.87, and 0.89; respectively. We developed a new model based 

on three blood markers (CRP, BNP, NLR) for differentiated DHD.  Linear significant correlations were 

observed between model levels and candidate markers that included: CRP (r=0. 78; p <0.0001), NLR (r = 0. 

0.53; p <0.0001), BNP (r = - 0.55; p <0.0001). The AUC of the model was 1.0 with 100 % sensitivity and 

100 % specificity for discriminated patients with DHD from healthy individuals. For discriminate patients 

with DHD from diabetic patients, AUC was 0.90 with 92 % sensitivity and 81% specificity. For discriminate 

patients with DHD from controls, AUC was 0.93 with 92 % sensitivity and 83 % specificity.   

Conclusion: The combination of three candidate biomarkers CRP, BNP, and NLR can be used to improve 

the diagnosis of DHD patients with high diagnostic performances. 
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Introduction 

Diabetes is a group of metabolic disorders 

distinguished by high concentrations of blood 

glucose. That’s, results in the mutilation of the 

body’s ability to utilize glucose due to either the 

pancreas does not produce insulin, or the body 

cannot use insulin suitably (Refardt et al., 2020). 

The universal prevalence of diabetes mellitus type 2 

has been gradually rising worryingly over many 

years (Eizirik et al., 2020). Where 450 million 

adults with diabetes are excess across the globe, and 

this number was predictable to increase yearly 

(Sultana et al., 2021). Several studies have shown 

that diabetes mellitus is responsible for a range of 

cardiovascular diseases, defined as diabetic heart 

disease such as heart failure, cardiomyopathy, 

coronary artery disease, etc (Ritchie and Abe, 

2020). The cardiovascular diseases rate increased in 

patients with type 2 diabetes due to metabolic 

disorders and obesity (Sultan et al., 2020). NLR is a 

new addition to the list of these inflammatory 

biomarkers. NLR is easy to obtain, low-cost, 

commonly available inflammation index, which can 

help in the prediction of patients with different 

cardiovascular diseases (Afari and Bhat, 2016).  

Inflammation plays the main role in the pathogenesis 

of diabetes cardiac diseases. Inflammatory 

biomarkers (CRP and VCAM) can be used in the 

diagnosis of various cardiac diseases (Pedersen, 

2017; Liang et al., 2017). BNP is a member of a 

four-natriuretic peptide family, its blood levels are 

vital, not just as biomarkers of several 

cardiovascular deficiencies but also as an index of 

their severity (Goetze et al., 2020). The main aim of 

this study was the evaluation of the diagnostic value 

of biomarkers in diabetic heart diseases patients and 

the development of a model that can be used for 

discriminating DHD patients. 

Patients and methods 

Patients 

      In this study, the target population was 

individuals who have  Type-2  DM  with DHD 

(n=100),  and diabetic patients without  DHD (n=56) 

patients from the clinic of Diabetes of  Alazhar 

University Hospital, New Damietta, Damietta, Egypt 

in addition to healthy individuals (n=20) i.e control 

group included 76 individuals.  The study protocol 

conforms to the ethical guidelines of the 1975 

Declaration of Helsinki. Diagnosis of diabetes was 

done based on the American  Diabetes Association 

criteria. Blood samples were obtained from each 

subject and collected in the morning after fasting for 

12 hours and another sample was collected two 

hours after breakfast. Part of the samples was 

collected on K-EDTA as an anti-coagulant and 

analyzed directly for complete blood picture and 

glycosylated hemoglobin (HbA1c). The other part of 

samples were collected on plain tubes allowed to 

clot at room temperature then centrifuged to collect 

the serum. Samples of serum were stored at -20°c 

until analysis. The routine laboratory investigations 

were determined on an automated biochemistry 

analyzer (BT1500; Biotecnica instruments S.P.A, 

Italy). Complete blood pictures were performed 

using an automated hematology analyzer (Micros 

60, Horiba Medical, Montpellier, France). NLR was 

calculated as a simple ratio between the absolute 

neutrophil and the absolute lymphocyte counts both 

obtained from the same automated blood sample at 

the admission of the study. HbA1c and CRP values 

were measured by using an automated analyzer 

(MISPA-i2, Agape, India). The levels of electrolytes 

were assayed by using Sensa-core, ST-200 plus, 

India. The levels of serum BNP and VCAM were 

assayed by using ELISA kit (Elabscience, 

Biotechnology Co. Lid, catalog NO; E-EL-H0598), 

(E-EL-H5587, Wuhan, Hubei, China), respectively.  

Exclusion criteria: Subjects having type-1 diabetes 

mellitus were excluded, non-diabetic  cardiovascular 

diseases and other causes of cardiovascular diseases. 

Statistical analysis 

      All statistical analysis was performed using the 

Statistical Package for the Social Sciences (SPSS) 

(SPSS Inc., Chicago, IL, USA) software, version 

22.0. The study variables were described as the 
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mean ± standard deviation (SD) and P-value <0.05 

was considered significant. Comparisons of 

parametric variables were done with ANOVA test, t-

test while the Mann–Whitney U test was used in 

cases with nonparametric variables. The correlations 

between variables were analyzed with the Pearson 

correlation coefficient. Multivariate discriminant 

analysis (MDA) was used to develop a novel model. 

The diagnostic value of biomarkers was assessed by 

the area under the receiver operating characteristic 

(ROC). The best cutoff points were selected, and 

diagnostic powers were determined. Common 

indicators of model performance were derived from 

a 2 × 2 contingency table. 

Results  

Patients’ characteristics 

     Demographic data and routine investigations of 

all patients and healthy individual groups are 

summarized in Table 1. With a mean age of 55±13.4 

years and male 62 (35%) and female 114 (65%). 

Diabetes profile parameters (FBG, PPBG, and 

HbA1c) and lipid profile parameters (cholesterol, 

triglycerides, high-density lipoprotein- cholesterol 

(HDL), and low-density lipoprotein- cholesterol 

(LDL), liver profile, and kidney functions showed 

different significant differences between DHD, 

diabetic, controls, and healthy individuals groups as 

shown in Table 1. Using multivariate analysis 

showed that the increase in CRP, BNP, and NLR 

were significant (p< 0.0001) associated with the 

presence of DHD. On another hand, candidate 

biomarkers are summarized in Table 2. CRP, BNP, 

and NLR except VCAM have significant differences 

among DHD, controls, diabetic, and healthy 

individuals groups. VCAM marker was excluded 

from further analysis. 

Diagnostic values of candidate biomarkers for 

discriminating DHD patients  

The diagnostic value of three biomarkers (NLR, 

BNP, and CRP) was assessed by using the ROC 

curve. CRP was the most efficient marker (AUC = 

0.99, 100 % sensitivity and 98 % specificity) for 

discriminant diabetics with DHD from healthy; for 

discriminant diabetics with DHD from patients with 

diabetic (AUC = 0.87, 84 % sensitivity and 86 % 

specificity) and for discriminant DHD from control 

individuals (AUC = 0.89, 84 % sensitivity and 88 % 

specificity). 

Development of a novel model for discriminant 

between DHD  

We developed a new model for differentiation 

between DHD based on three blood markers (CRP, 

BNP, NLR). It can be calculated as ((0.558+ 0.027× 

CRP) + (0.026× NLR) – (0.003× BNP)). The levels 

of the model were increased with the severity of the 

disease. Its level was 0.01±0.16 in healthy 

individuals; 0.43±0.18 in diabetic individuals and 

0.75±0.24 in DHD. Linear significant correlations 

were observed between model levels and candidate 

markers that included: CRP (r=0. 78; p <0.0001), 

NLR (r = 0. 0.53; p <0.0001), BNP (r = - 0.55; p 

<0.0001). The AUC of the model was 1.0 with 100 

% sensitivity and 100 % specificity for discriminated 

patients with DHD from healthy individuals. For 

discriminated patients with DHD from diabetic 

patients, AUC was 0.90 with 92 % sensitivity and 

81% specificity. Also, for discriminated patients 

with DHD from controls, AUC was 0.93 with 92 % 

sensitivity and 83 % specificity: Table 3. 
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Table 1. Comparison between levels of routine investigations of all patients and healthy 

individuals' groups: 

Variables Healthy  Diabetic Control   DHD P-value*  

FBG (mg/dl) 79.3±8.6 232.7±87.7 192.3±101 208.9±87.3 0.16 

PPBG (mg/dl) 99.0±8.1 324.3±107.0 265±135 303.5±86.7 0.1 

HBA1C (%) 5.1±0.3 8.5±1.6 7.7±2.0 8.4±1.4 0.03 

Cholesterol (mg/dl) 174.8±14.5 170.5±28.8 171.6±25.7 166.2±36.4 0.57 

Triglycerides (mg/dl)  86.0±14.6 175.2±57.4 151±63.5 174.3±69.2 0.1 

HDL (mg/dl) 59.3±4.9 39.0±7.0 44.3±11.1 36.0±5.6 <0.0001 

LDL (mg/dl) 98.3±14.5 96.7±27.2 97.1±24 95.3±30.8 0.82 

ALT (U/L) 27.6±6 30.6±23 29.8 ±20 26.3±15 0.35 

AST (U/L) 27.7±8.2 32.9±19 31.6 ±17 37.6±37 0.3 

Albumin(gm/dl)   4.3±0.19 3.3±0.6 3.54±0.7 3.2±0.6 0.03 

Bilirubin(mg/dl)   0.5±0.13 0.63±0.4 0.6±0.3 1.0±0.8 0.003 

INR  1.05±0.06 1.1±0.18 1.1±0.16 1.3±0.9 0.08 

Creatinine (mg/dl) 0.92±0.13 1.3±1.0 1.18±0.8 1.5±1.1 0.13 

Urea (mg/dl) 30±4.0 56.3±57 49.4±50 64.8±51 0.16 

Uric acid (mg/dl) 4.5±2.3 5.6±0.83 5.3±2.1 7.3±2.0 <0.0001 

Sodium (mmol/L) 141.3±4.2 151.8±13.2 149.1±12.4 149.5±20.8 0.9 

Potassium (mmol/L) 4.1±0.18 3.6±0.4 3.73±0.4 3.9±0.8 0.2 

Calcium (mmol/L) 1.1±0.6 0.84±0.11 0.9±0.14 0.8±0.16 
0.003 

*Comparison between DHD vs control groups 
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Table 2. Comparison between levels of candidate biomarkers of all patients and healthy 

individuals' groups: 

Variables Healthy  Diabetic Control   DHD P-value*  

Neutrophils (109/l) 53.8±5.7 72.6±6.6 67.7±10.5 77.2±9.7 <0.0001 

Lymphocytes (109/l) 38.2±6.1 13.2±3.3 19.8±1.2 11.2±3.6 <0.0001 

NLR (%) 1.5±0.3 6.2±2.6 4.9±3.1 8.1±4.2 <0.0001 

CRP (mg/L) 2.2±1.0 6.6 ±4.4 4.1 ±1.3 12.9±11.7 <0.0001 

BNP (pg/ml) 212.4±46.3 127.3±60.1 147.1±67 82±45.2 <0.0001 

VCAM (ng/ml)  367.9±46.6 314.8±182.9 314.8±182.9 326.4±182.9 0.9 

*Comparison between DHD vs control groups 
 

 

 

 

Tables 3:  diagnostic performance for single and combined markers: 
 

Variables  AUC (95% CI) P-value Cut-off Sensitivity Specificity PPV NPV Efficiency 

DHD vs Healthy 

CRP (mg/L) 0.99    < 0.0001 4.0 100 91 98 100 98.3 

NLR (%) 0.98 < 0.0001 4.1 98 91 98 90 96.7 

BNP (pg/ml) 0.95 < 0.0001 164 96 88 100 97 97.1 

CRP- NLR- BNP 1.0  < 0.0001 0.58 100 100 100 100 100 

DHD vs Diabetic 

CRP (mg/L) 0.87 < 0.0001 6 84 86 92 75.4 85 

NLR (%) 0.65 < 0.05 5.4 72 57 75 53.3 66.7 

BNP (pg/ml) 0.73 < 0.001 106 84 62 80 69 76.3 

CRP- NLR- BNP 0.90 < 0.0001 0.58 92 88 93 86 90.4 

DHD vs control (Diabetic + healthy) 

CRP (mg/L) 0.89 < 0.0001 5.8 84 88 90 81 85.8 

NLR (%) 0.74 < 0.001 5.1 82 58 72 71 71.6  

BNP (pg/ml) 0.79 < 0.0001 105.5 84 70 76 76.8 77.8 

CRP- NLR- BNP 0.93 < 0.0001 0.46 92 83 88 86.8 87.5 
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Discussion 

Cardiac diseases are often clinically silent in 

diabetes and commonly are not discovered until the 

advanced stages of disease (Marwick et al., 2018). 

The global prevalence of diabetes mellitus has given 

an increase to an epidemic of diabetes mellitus-

induced HF. Although the significant research 

attention this phenomenon, termed diabetic 

cardiomyopathy (Ritchie and Abel, 2020). In this 

study, we represented the diagnostic values of some 

biomarkers for the investigation of diabetic heart 

diseases patients such as CRP, BNP, NLR, and 

VCAM. We reported that all biomarkers CRP, BNP, 

and NLR except VCAM can discriminate the 

diabetic patients with or without DHD from healthy 

individuals. Diabetes is a metabolic disorder, Much 

of this cardiac inflammation in the diabetic heart 

may be  triggered or amplified by increased  levels of 

inflammatory biomarkers, Infiltration of other  

inflammatory cells as neutrophils (Ritchie and Abe, 

2020). Calle and Fernandez (2012) have reported 

that CRP, a well-established, inflammatory 

biomarker strongly associated with diabetes. BNP is 

frequently used in the diagnosis of HF, chronic renal 

failure, type 2 diabetes, and acute coronary 

syndrome (Maries and Manitiu, 2013). 

Furthermore, VCAM is considered an inflammatory 

marker for predicting cardiovascular diseases which 

have an important role in atherosclerosis (Zhang 

and Mao, 2020). In our study, we assessed by using 

the ROC curve the diagnostics value of NLR, BNP, 

and CRP for discriminating DHD patients from 

diabetic patients, controls, and healthy individuals. 

CRP was the most efficient index among others with 

AUCs were 0.87, 0.89, and 0.99; respectively. Then 

NLR which has AUCs were 0.65, 0.74, and 0.98; 

respectively. Then BNP have AUCs were 0.73, 0.79, 

and 0.95; respectively. Li et al (2018) reported that 

CRP levels are elevated in DHD patients and 

correlate with the plaque composition like in patients 

who suffer from HF complications. In addition to 

increasing evidence suggests that CRP participates 

directly in atherogenesis. However, the level of BNP 

was assessed for a diagnosis of structural heart 

disease with AUC (0.77), sensitivity (61%), and 

specificity (92%) (Nakamura et al., 2005). NLR 

has been proposed as a reliable biomarker of 

immune inflammation, activation, and oxidative 

stress injury, and, elevated for predicting mortality 

in cardiovascular disease patients, with AUC (0.76) 

was significantly higher than that of the neutrophil 

count (0.59) (Turcato et al., 2019). Several studies 

were reported that AUCs of BNP, VCAM-1, and 

CRP were 0.89, 0.80, 0.76 for prediction of HF 

(Lino DOC, et al., 2019; Stumpf et al.,  2017; Steg 

et al., 2005). Al Aseri et al (2019) reported that 

CRP at acute myocardial infarction had AUC (0.84), 

specificity (79%), and sensitivity (83%) to predict 

HF.  In this study, to improve the discrimination of 

DHD from diabetic patients we developed a model 

based on the combination of CRP, NLR, and BNP, 

with high degrees of sensitivity, specificity, PPV, 

NPV, and efficiency were 92%, 88%, 93%, 86% and 

90.4%; respectively. Several studies have been used 

a multimarker strategy and developed a score based 

on a combination of several biomarkers for the 

prediction of DHD (Stengaard et al., 2017; Yanishi 

et al., 2016; O’Donoghue et al., 2016). Konev et al              

(2020), showed that the AUC of the carboxy-

terminal fragment of IGFBP-4 (CT-IGFBP-4), NT-

proBNP, and CRP for the diagnosis of HF were 

0.73, 0.68, and 0.67; respectively. Where the model 

based on a combination of these three biomarkers 

had AUC was 0.79. 

 In conclusion: CRP is the most sensitive marker 

for discriminant DHD patients. The three combined 

markers were the most efficient model for 

discriminant than of diabetic patients with DHD 

from diabetic patients without DHD.   
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