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ABSTRACT 
Background: Tumor necrosis factor – alpha (TNF-α)  has been proposed to play an important role  in the 
etiopathology of congenital heart diseases (CHD) worldwide. However, no previous  study about the role of 
TNF-α in the pathogenesis of CHDs in Mosul city / Iraq has been reported .  
Objectives: 1) To evaluate the serum levels of TNF-α cytokine in cyanotic and a cyanotic congenital heart 
diseases (CHDs and to compare the results with control healthy children in Mosul city 2) To find any 
association between the level of this pro-inflammatory marker  and other  demographic parameters such as 
age and gender  3) To test the diagnostic validity of this cytokine for the diagnosis of CHD at different cut-off 
values. 
Patients, materials and methods: A case-control study was conducted in the Department of Microbiology / 
College of Medicine / University of Mosul over two years and 3 months from April 2019 to July 2021. Twenty 
nine (29) child with a cyanotic congenital heart diseases and seventeen  (17) child with cyanotic heart 
diseases were included. Another Thirty one (31) healthy child were also included as a controls. . All patients 
were collected from Al-Khansa teaching hospital in Mosul city. The serum TNF-α concentration was 
measured in all participants by using ELISA. 
Results: Mean age of children with acyanotic heart diseases (2.7 ± 2.9 years) did not significantly differ from 
that of cyanotics (2.1 ± 1.9) or healthy controls (3.1 ± 1.7) ,  (P>0.05). The average TNF-α level in acyanotic 
heart diseases was 321.18 ± 325.71 ng/l compared to 120.63 ± 84.33 ng/l in cyanotics and 119.01 ± 139.71 
in healthy controls. TNF- α was significantly elevated in acyanotic heart diseases in comparison to healthy 
children (P = 0.003). No significant difference was noted between acyaotics and cyanotic heart diseases in 
regards to TNF- α concentrations (P = 0.07). No age or gender effects were noted on TNF-α concentration in 
both acyanotic and cyanotic heart diseases (P>0.05). At the best cut-off  value of 124 ng/l  TNF-α had a 
specificity of  90.32% , sensitivity of 48.28% and accuracy rate of 39% as indicated by AUC-ROC curve .  
Conclusion: The current study showed  higher TNF- α in acyanotic (but not in cyanotic)  heart diseases 
compared to healthy controls. TNF-α had poor diagnostic utility to discriminate between CHD and healthy 
individuals and  therefore not recommended as valuable biological marker for the diagnosis of CHD. 
  
Keywords: TNF- α , cyanotics and acyanotics, congenital heart diseases, Mosul city, Iraq. 
 

 امراض يف الفا TNF - للالتهاب المىالی للسایتىکاین يالمصل المستىي

 المىصل نةیمذ يف ةيالخلق القلة امراض نيوت ةيالزراق ةيالقلث التشىهات

 
 **احًذ عصًد يحًذ ، *احًذ عثذالله احًذ ، *انطائٙ فشاط ، *شٛرأ٘ صكٙ اعًاء

 صحح دائشج ، انرعهًٛٙ انخُغاء يغرشفٗ** ، انًٕصم جايعح ، انطة كهٛح ، انًجٓشٚح الاحٛاء فشع*

 انعشاق ، انًٕصم ، َُٕٖٛ

 

 الخلاصة

ا فٙ انًغثثاخ انًشضٛح لأيشاض انمهة انخهمٛح   - TNFٚهعة انغاٚرٕكاٍٚ انًٕانٙ نلانرٓاب   الخلفية العلمية للثحث: ًً انفا  دٔسًا يٓ

انمهة انخهمٛح أيشاض فٙ غثة انرفٙ انفا  -TNF. ٔيع رنك ، نى ٚرى الإتلاغ عٍ أ٘ دساعح عاتمح حٕل دٔس  فٙ جًٛع أَحاء انعانى

 . الأطفال فٙ يذُٚح انًٕصم / انعشاقعُذ 
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نرشْٕاخ الأطفال انًصاتٍٛ تأيشاض ا ايصالفٙ  انفا  - TNFنغاٚرٕكاٍٚ انًٕانٙ نلانرٓاب  ايغرٕٖ  ذمٛٛى ( 1 : اهذاف الثحث

أ٘ اسذثاط تٍٛ ٔجٕد  عٍ انرحش٘ ( 2 فٙ يذُٚح انًٕصم  ٔيماسَرٓا تًغرٕٚاذٓا عُذ الاطفال الاصحاءانمهثٛح انضسالٛح ٔانخهمٛح 

خرثاس انصلاحٛح انرشخٛصٛح نٓزا ا( 3أخشٖ يثم انعًش ٔانجُظ دًٕٚغشافٛح ٔيعاٚٛش  يغرٕٖ ْزا انغاٚرٕكاٍٚ انًٕانٙ نلانرٓاب 

 .انخهمٛح ٔانضسالٛح شخٛص أيشاض انمهة ذفٙ ٍٚ اٚرٕكاانغ

/ كهٛح  نًجٓشٚحأجشٚد فٙ لغى الأحٛاء ألذ " لاخ ٔانشٕاْذ حاانانذساعح عثاسج عٍ دساعح " َٕع ْزِ  المىاد وطرق العمل :

ذغعح ٔعششٌٔ شًهد انذساعح . 2121إنٗ ذًٕص /  2112يٍ َٛغاٌ / عهٗ يذٖ عايٍٛ ٔ ثلاثح اشٓش انطة / جايعح انًٕصم 

. كًا ذى ذضًٍٛ ٔاحذ  طفلا ٚعإٌَ يٍ أيشاض انمهة انضسالٛح  (11( طفم يصاب تأيشاض انمهة انخهمٛح ٔعثعح عشش )22)

ذى جًع جًٛع انًشضٗ يٍ يغرشفٗ انخُغاء انرعهًٛٙ فٙ يذُٚح انًٕصم.  . ذحكى ( طفلًا ٚرًرع تصحح جٛذج كعُاصش31ٔثلاثٍٛ )

 فحص الانٛضا انًُاعٙ . ل جًٛع انًشاسكٍٛ تاعرخذاو ايصاانفا  فٙ  - TNFذى لٛاط ذشكٛض 

عًش عُح( اخرلافاً كثٛشًا عٍ يرٕعظ  2.2±  2.1) انخهمٛحعًش الأطفال انًصاتٍٛ تأيشاض انمهة نى ٚخرهف يرٕعظ  النتائج :

يغرٕٖ (. كاٌ يرٕعظ P> 0.05( ، )1.1±  3.4)الاطفال الاصحاء ( أٔ 1.2±  2.1) انضسالٛحالأطفال انًصاتٍٛ تأيشاض انمهة 

  84.33 ± 120.63)    ( َإَغشاو / نرش يماسَح تـ ( 325.11±  321.13 ) انخهمٛحفٙ أيشاض انمهة  انفا  – TNFيصم 

انفا  تشكم  – TNFيغرٕٖ صاد  الاطفال الاصحاء.فٙ  ) 112.11±   132.11  (ٔ  انضسالٛح انمهة ذشْٕاخ َإَغشاو / نرش فٙ 

الاطفال انًصاتٍٛ تٍٛ  احصائٙ(. نى ٚلاحع أ٘ فشق P = 0.003) تالأطفال الاصحاءيماسَح انخهمٛح  انمهة  ذشْٕاخيهحٕظ فٙ 

نى كًا (. P = 0.07)انفا   – TNFًغرٕٚاخ فًٛا ٚرعهك ت انضسالٛحٔالاطفال انًصاتٍٛ ترشْٕاخ انمهة  انخهمٛحترشْٕاخ انمهة 

. عُذ أفضم  (P> 0.05) انضسالٛحٔ انخهمٛحانمهة  ذشْٕاخيٍ  انفا  فٙ كلا – TNFٚلاحع أ٘ آثاس نهعًش أٔ انجُظ عهٗ ذشكٛض 

حغاعٛح ان٪ 21.32ٔ  انخهمٛحفٙ ذشخٛص ذشْٕاخ انمهة انفا  –   TNF د خصٕصٛح َإَغشاو / نرش كاَ 124لًٛح لطع لذسْا 

 . AUC-ROCكًا ْٕ يٕضح تٕاعطح يُحُٗ ٔ٪ 32ذلح ان٪ ٔيعذل 43.23

 انخهمٛحانٕلادٚح انفا  فٙ أيشاض انمهة  – TNFنهغاٚرٕكاٍٚ  انًغرٕٚاخ انًصهٛح شخ انذساعح انحانٛح اسذفاع أظٓ  الاستنتاجات :

انفا  فائذج ذشخٛصٛح ضعٛفح  – TNFكاٌ نـ ٔيع ْزا . تالأطفال الاصحاء( يماسَحً انضسالٛحانٕلادٚح )ٔنكٍ نٛظ فٙ أيشاض انمهة 

لا ًٚكٍ اعرخذايّ كعلايح تٕٛنٕجٛح فعانح فٙ ذشخٛص  عهّٛالأصحاء ، ٔٔالاطفال  ٛحانخهمانٕلادٚح نهرًٛٛض تٍٛ أيشاض انمهة 

 .انمهة انٕلادٚحأيشاض 

 

 .يذُٚح انًٕصم ، انعشاق،  ايشاض انمهة انضسالٛح ،  انخهمٛح، ايشاض انمهة انفا   – TNF الكلمات المفتاحية :

 

INTRODUCTION 
ongenital heart diseases (CHDs) are among  

the commonest congenital abnormalities 

affecting children 
1
. Their prevalence reaches up to 

9 per 1000 live births and usually presented as 

defects in one or more structures of the heart that 

occur before birth. 
2,3

. They are considered as one 

of the major causes of morbidity and mortality 

among children after birth 
2, 3

. The CHDs are 

usually classified into cyanotic and acynotic 

congenital heart diseases 
4
. 

Tumor necrosis factor alpha (TNF-α)  is a 

cytokine with pro-inflammatory features that 

belongs to tumor necrosis factor super family 
5
 . It 

presents in two forms, free and transmembrane - 

bound forms 
6
. The 17 kDa free TNF-α peptide that 

is composed of 157 amino acids is released after 

the cleavage of the bound transmembrane 26 kDa 

TNF-α peptide, which is composed of 233 amino 

acids via TNF-α cleavage enzyme
 6, 7

. TNF-α level 

increases in the acute phase stage of inflammatory 

reaction and synthesized by different cells in the 

body as adipocytes, NK cells, granulocytes, 

mononuclear cells, neurons and muscles and 

many other cells 
8
. It has a crucial importance in 

remodeling of bones, leucocyte trafficking, immune 

system response against various infections, 

autoimmune diseases, tumor immunology and  

insulin resistance 
9,10

. TNF-α persuades its 

functions after binding to either of these two  

receptors, the TNF receptor (TNFR1) and TNF 

receptor 2(TNFR2) that are expressed on variable 

immune cells, endothelial lining of blood vessels 

and other body tissues 
11,12 

 . 

TNF-α has been proposed to be implicate in the 

etiopathology of several kinds of cardiac diseases 

worldwide 
13, 14,15,16,17

 . However, previous  reports 

about the role of TNF-α in the pathogenesis of 

CHDs in Iraq  is somewhat lacking. Therefore, the 

current research was aimed :1)  To assess  the 

level of TNF-α in a sample of Iraqi children with 

CHDs in Mosul city. 2) To investigate its diagnostic 

validity and  3) To find any association of this 

cytokine with some other parameters such as 

gender and age. 

 

 

C 
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MATERIALS & METHODS 

2.1 Ethical Approval 
 Approval  for this research was obtained from 

“Medical Research Ethics Committee (MREC)” of 
the  College of Medicine / University of Mosul 
[(Ref. no: MREC/2019 (12)] on  26/3/2019. Parents 
of all children enrolled in this study gave written 
consent for participation on behalf of their children. 
 

2.2 Subjects and Study Design 
A Case – Control study conducted in the 

Department of Microbiology / College of Medicine / 
University of Mosul over two years and 3 month 
from April  2019 to July 2021. Seventy – seven 
(77) children were recruited from Al-Khansa 
teaching hospital in Mosul city to participate in this 
study. Some interruptions in samples collection 
were occur due to COVID-19 pandemic. The 
patients  included (29) children with acyanotic 
heart diseases and (17) children with cyanotic 
heart diseases in addition  to 31 healthy children 
as controls. The inclusion criteria included children 
with confirmed diagnosis of CHD which was made 
by specialist pediatric echo-cardiologists and 
verified by ECHO cardiograph. Exclusion criteria 
included 1) children with acquired heart diseases 
such as rheumatic heart diseases 2) other co-
diseases that might affect TNF-α level such as co-
existent acute infections, sepsis, juvenile 
rheumatoid arthritis and the presence of 
autoimmune diseases as determined by specialist 
pediatrics. Demographic data for patients such as 
age, sex, residence, presenting symptoms, 
medical history, family history and drug history 
were all documented. In addition past obstetric 
history such as time of birth  and mode of delivery 
were also detailed and reported.   
 

2.3 Methods 

2.3.1 Blood Sampling 

Human venous blood were collected from all 
patients and controls in plain tubes. After 
collection, 1 ml of the blood were centrifuged at 
4000 rpm within 1-2 hours for serum dissociation. 
The serum was frozen at -20 ºC for estimation of 
TNF-α by ELISA. 
 

2.3.2 Determination of Serum TNF-Α 

Protein by ELISA 
The TNF-α levels were determined in the sera of 

children with CHDs and healthy controls by 
quantitative  sandwich TNF-α 96-well ELISA kit 
(Bioassay Technology, China, Cat. No E0082Hu) 
according to manufacturer instructions. This kit has 
a minimum sensitivity of 1.52ng/L. 

 

2.4 Statistical Analysis  
Mann-Whitney test was implemented to compare 

the means of  TNF-α concentrations between 
patients with CHDs and healthy individuals. Chi 
square test was used to compare frequencies of 
nominal data.  “Area under the Receiver Operating 
Characteristics (AUC-ROC) curve” was employed 
to test the validity of TNF-α in the diagnosis of 
CHD at different cut-off values. Pearson 
Correlations co-efficient was utilized to evaluate 
correlations. MedCalc® Statistical Software 
version 20 (Belgium)  was adopted to perform 
statistical analysis and construct figures and 
graphs throughout this study. 
 

RESULTS 

3.1 Sample’s Demographics 
Table 1 summarizes the demographic 

characteristics of the samples in this study. There 
were 29 children with acyanotic CHDs, 17 with 
cyanotic CHDs and 31 healthy controls. Among the 
studied populations, acyanotic heart diseases were 
seen more predominantly in females (n = 17, 
58.6%) than in  males (n = 12, 41.4%), whereas 
cyanotic heart diseases were more prevalent in 
males (n =12, 70.6%) than in females (n = 5, 
29.4 %) respectively. However, no real difference 
was reported between  females and males in both 
acyanotic and cyanotic heart diseases (χ2 = P = 
0 .0556).  In addition, the mean age of children 
with acyanotic heart diseases (2.7 ± 2.9 years) did 
not significantly differ from that of cyanotics (2.1 ± 
1.9) or healthy controls (3.1 ± 1.7) (P>0.05). 
Interestingly, more than 82 % of children with CHD 
were with history of normal vaginal delivery 
compared to less than 18% with history of 
cesarean section. Ventricular septal defect (VSD) 
was the most frequent acyanotic heart diseases 
while tetralogy of fallot (TOF) was the most 
common cyanotic heart disease among our 
patients. Most patients with acyanotic heart 
diseases (86.2%) and cyanotic heart diseases 
(76.5%) had no other associated congenital 
abnormality.  
 

 
 
 
 
 
 
 
 
 
 



Asmaa Zeki Sheetawi                                                                                       The Serum Level of Proinflammatory ..  

4                                                                                                                  Ann Coll Med Mosul June 2022 Vol. 44 No.1 

Table 1 : Demographic characteristics of the samples 

 Acyanotics Cyanotics Controls  

Gender n = 29 n = 17    n = 31  

Female  17 (58.6%) 5 (29.4%) 12   
Male  12 (41.4%) 12 (70.6%) 19 * P = 0 .0556 

Age (years)     

Mean ± SD 
a
2.7 ± 2.9 

b
 2.1 ± 1.9 

c
3.1 ± 1.7 

**a vs. b,  P = 0.451 
**a vs. c,  P = 0.514 
**b vs. c,  P = 0.068 

Mode of delivery     

Normal 24 (82.6%) 14 (82.4%) -  
Cesarean section 5 (17.4%) 3 (17.6%) -  

Type of abnormality     

VSD 8 - -  
ASD 6 - -  
PDA 4 - -  
BiCuspid aortic valve 1 - -  
Aortic stenosis 1 - -  
ASD + VSD 5 - -  
VSD+PDA 2 - -  
ASD + Pulmonary stenosis 1 - -  
ASD+Arotic stenosis 1 - -  

     

TOF - 12 -  
Ebstein abnormality - 2 -  
Endocardial cushing defect - 1 -  
Total venous return - 1 -  
AVF - 1 -  

Other abnormalities     

-  ve 25 (86.2%) 13 (76.5%) -  
 + ve 4 (13.8%) 4 (23.5%) -  

 Family history of CHD     

ve 29 17 -  
+ ve  0 0 -  
Drug history during 
pregnancy 

    

ve 29 17   
+ ve 0 0   - - 

TNF-α (ng/l)       

Range 59.43 -1213.47 37.65 - 339.34 
29.32 - 
611.38 

 

Mean  321.18 120.63 119.01  

95% CI for mean 198.04-445.84 77.00- 163.71 
67.76 - 
170.26 

 

SD for mean 325.17 84.33 139.71  
Median 113.90 92.11 80.98  
Skewness 1.16 1.64 2.99  

     

*Chi square test , ** Mann Whitney test, VSD = Ventricular septal defects, ASD=Atrial septal defects, PDA = 
Patent ductus arteriosus TOF = Tetralogy of fallot, 
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3.2 TNF- α concentration in acyanotic 

CHDs, cyanotic CHDs  and healthy 

controls  

For children with acyanotic heart diseases the 
mean TNF serum level ± SD was 321.18 ± 325.71 
ng/l compared to 120.63 ± 84.33 ng/l in cyanotics 
and 119.01 ± 139.71 in healthy controls (Figure 
1) . No significant difference was noted between 
acyaotics and cyanotic heart diseases in regards to 
TNF- α concentrations (P = 0.07). However, TNF- 
α was remarkably  increased in acyanotic heart 
diseases compared to healthy controls (P = 
0.003) , but not between cyanotics and healthy 
controls (P = 0.27) . 
 

      

 
 
 
 
 
 
 
 
 
 
 
Figure 1 : TNF-alpha concentration in acyanotic 
CHD, cyanotic CHDs and healthy controls. TNF-
alpha significantly increased in acyanotic heart 
diseases compared to healthy controls (P = 0.003).  
No statistical difference was found between 
acyanotic and cyanotic groups (P = 0.07). Red 
squares represent the means of each of the three 
groups respectively.  
 

3.3 TNF -  Α Concentration According 

to Gender and Age 
In  acyanotic group, the mean TNF- α 

concentration  among females (396.05 ± 372.17 
ng/l) did not significantly differ  from that of male 
population  (216.94 ± 219.21) , P = 0.27 (Figure 2). 
Similarly TNF- α concentration was not significantly 
different among females (106.47 ± 64.75) and 
males (126.14 ± 93.25) in cyanotic groups ( P = 
0.75).  
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 : Serum TNF-alpha concentration 

according to gender. A) Acyanotic group B) 
Cyanotic group. No gender effect was noted on 
TNF-alpha concentration in both groups ( P > 
0.05). Red squares represent the TNF- alpha 
means in different studies groups.  
 
To assess the effect of age on TNF- α, we divided 

the children with CHDs into two age groups, those 
with ≤ 2 and those > 2 years since most of our 
patients fell into these two age categories. The 
average TNF- α concentration in acyanotic children 
with ≤ 2 years was (250.26 ± 268.42) compared to 
(423.48 ± 382.17) in  older group (Figure 3A) . No 
significant difference was noted between the two 
age categories in regard to TNF- α concentration 
(P = 0.22 ) (Figure 3B). Similar results were 
reported in cyanotic children (88.91 ± 38.09 in ≤ 2 
years compared to 165.28 ± 113.06 in > 2 years, P 
=  0.17). To further confirm the effect of age on the 
serum concentration of TNF- α, we performed a 
correlation study using Pearson correlation co-
efficient to see if the TNF- α serum level was 
influenced by age in both cyanotic and acyanotic 
groups. Overall, in confirming to above results, 
there was no considerable correlation between  
TNF – alpha and age in both studied populations (r 
=0.2413, P=0.2073 in acyanotics and  r = - 0.2582, 
P=0.3170 in cyanotics) respectively (Figure 3 C & 
D).   
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Figure 3 : Effect of age on the serum TNF-alpha. 
No significant difference was found in the TNF-
alpha levels in children ≤ 2 and > 2  years in both 
acyanotic and cyanotic groups (A &B) . Overall , no 
correlation of TNF-alpha cytokine with age was 
noted in both groups (P > 0.05) 
 

3.4 Validity of TNF -  α as a diagnostic 

marker in CHDs 
ROC curve was used to evaluate the validity of 

TNF- α as a diagnostic marker in acyanotic heart 
diseases since its level was increased significantly 
over healthy individuals. The results were 
summarized in (table 2 , Figure 4) . In general TNF 
- α had poor diagnostic utility in this study . A clear 
cut from healthy controls was noted at a cut-
off >124 ng/l  (AUC = 0.717, P = 0.001).  Although 
this cut-off value carried a good degree of 
specificity  (90.32%), but it had low sensitivity of 
48.28% . 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2: sensitivity and specificitty of TNF-alpha for 
the diagnosis of CHD at different cut-off values . 

 

     

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: AUC-ROC curve of TNF-alpha in 
acyanotic heart diseases. A) Sensitivity and 
specificity of TNF-alpha for the diagnosis of 
acyanotic diseases at different cut-off values . * 
represent the optimal cut-off value . B) At 124. 69 
ng/l  cut-off  TNF-alpha has a specificity of  90.32% 
and a sensitivity of 48.28% and accuracy rate of 
39%  (AUC = 0.717, P = 0.001).  
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DISCUSSION 
The main positive finding observed in this study 

was significantly higher TNF- α levels in acyanotic 
heart diseases compared to healthy children. 
Higher TNF-α levels in acyanotic diseases might 
be attributed to the increase secretion of this 
cytokine by diseased  heart since normal human 
heart does not express TNF-α cytokine whether at  
mRNA  or  protein levels 

18,19
. Due to its catabolic 

effect, TNF-α (together with low calorie intake) has 
been implicated as a possible mechanism for 
cardiac cachexia syndrome in advanced cases of 
heart diseases 

15
. Moreover, increased circulatory 

level of this cytokine has been suggested as one of 
different dysfunctional mechanisms that account 
for cardiac decompensations seen in complex 
heart diseases 

18
. Evidence has been accumulated 

during last two decades indicated that TNF-α of 
cardiac source rather than systemic TNF-α is the 
main contributor (in an autocrine manner)  to 
myocardial dysfunctions and myocytes apoptosis 
in variable heart diseases such as myocardial 
infarction, chronic heart failure and myocarditis 

19, 

20
.  Moreover, TNF-α tends to suppress cardiac 

contractility in both nitric oxide dependent and 
independent manners, and thus further implicated 
to cardiac pathophysiology in heart diseases 

21, 22
 .    

The results of the current research also showed 
that TNF- α levels were elevated in acyanotic in 
comparison to cyanotic children although no 
significant clear-cut difference was found between 
the two populations. Moreover, a non- significant 
distinction was also found between cyanotic group 
and healthy individuals. These findings were 
somewhat weird since TNF-α was suggested to 
correlate positively with chronic hypoxemia

23 
which 

is more prominent in cyanotics than in acyanotic 
heart diseases 

24
. However, higher levels of TNF-α 

in acyanotics in regards to cyanotics patients was 
also reported by other researchers 

16
. Although the 

explication for these findings might be complexed 
and multifactorial, however, two possible 
explanations were suggested  1) Time of 
presentation of the illness : Due to apparent 
presentations, cyanotic heart diseases tends to 
show up earlier than acyanotic heart diseases 
which tend to be diagnosed  late. In support for  
this assumption, Shiva et al 

16
  found that  cyanotic 

patients were significantly younger than acyanotic 
patients. 2) Body mass index(BMI): Although the 
association of TNF-α with BMI is still a matter of 
controversy 

25
, but there is a good evidence of 

correlation between this cytokine and weight loss 
and cachexia found in severe cases of heart 
diseases 

26
. Interestingly, Noori et al 

17 
found that 

the lowest levels of the BMI was noted in acyanotic 
rather than cyanotic patients.    

Age and gender might affect the impact of the 
diseases in children. Despite of good evidence of 
age and gender influences on diseases outcome in 
children, the information on age and gender 
influences on CHD are  still scanty 

27
. Meanwhile, 

investigations on TNF-α levels in CHD according to 
these variables are relatively sparse. In this study, 
no associations and/or correlations between TNF-α 
serum levels and sex or age in CHD were found. 
This indicated that the level of this cytokines did 
not differ significantly in cyanotic and acyanotic 
patients in terms of age or gender. Similar findings 
were reported by Shahramian  and colleagues 

25
 

who did not find any association either.  
To investigate the usefulness of TNF-α as a 

biological marker for the diagnosis of CHD , AUC-
ROC curve analysis was performed. Since TNF-α 
was only different in acyanotic group compared to 
healthy children in this research, therefore this 
analysis was done to examine the potency of this 
cytokine to efficiently discriminate  between these 
two groups at different cut-off values. The current 
results showed substandard diagnostic validity of 
TNF-α for the diagnosis of acyanotic congenital 
heart diseases. At the best cut-off value of 124. 69 
ng/l,  it had a specificity of  90.32% but a low 
sensitivity of 48.28% with overall accuracy  rate of 
39%. These results were in disagreement with 
other scholars who concluded that TNF-α is a good 
marker in CHD 

13, 14,15,16,17.  
On other hand, Miyoshi 

et al  
28

 found that maternal TNF-α alone at a cut-
off of 68 pg/ml (ng/l) had a sensitivity of 50.0% and 
specificity of  93.4% for the diagnosis of heart 
failure in fetuses with congenital cardiac defects or 
arrhythmias. Nevertheless, they concluded  that if 
TNF-α was combined with other markers such as 
vascular endothelial growth factor-D and heparin-
binding epidermal growth factor-like growth factor 
the sensitivity increased to 100% but on the 
expense of decreasing specificity to 80.3%. On the 
light of these observations we recommend further 
investigations to highlights the importance of 
combination of TNF-α with other biomarkers for 
early diagnosis of CHDs.  
 

CONCLUSIONS 
Up to the  best of our knowledge, this study is the 

first report  that highlights the role of tumor 
necrosis factor – alpha (TNF-α) in the diagnosis of 
cyanotic and acyanotic congenital heart diseases 
(CHD) among a sample of Mosul city children. The 
data of the current study did not support the use of 
TNF-α as a biomarker in the diagnosis of CHD 
among our children. Further research regarding the 
benefits of TNF-α in other clinical aspects such as 
follow up of patients with CHD, response to various 
medications or referral for cardia surgery is 
suggested.  
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