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Introduction 

 

Esophageal atresia (EA) is a common 

congenital anomaly occurring in 1:3000-4500 of 

live births [1, 2]. In 80-85% of patients, the lesion 

consists of an EA with a proximal esophageal 

pouch and a distal tracheoesophageal fistula 

(TEF) [3]. Esophageal atresia is an anomaly, 

or birth defect, of the esophagus which 

becomes early in pregnancy as baby grows. The 

esophagus arises in the first few months of fetal 

living as a long, hollow, continuous tube attending 

the mouth to the stomach. In newborns with this 

nursing anomaly, the formation of this continuous 

esophageal tube is interrupted. It becomes evenly 

between male and female infants and has been 

associated to prematurity [4]. 

Decreases in the levels of zinc (Zn), 

copper (Cu) and magnesium (Mg) have been 

implicated in several reproductive incidents like 

infertility, pregnancy wastage, congenital 

anomalies, pregnancy induced hypertension,  

 

 

placental abruption, premature rupture of 

membranes, still births and low birth weight 

[5]. However, the role of trace elements 

individually or in combination has not been 

completely documented in this field. 

The purpose of this study was to evaluate 

some trace element and heavy metal 

concentrations in newborns with esophageal 

atresia. 

 

Materials and Methods 

 

Biochemical Analysis: Subjects were recruited 

from patients attending the outpatient clinics and 

those hospitalized in the ward of the Pediatric 

Surgery Department at Yuzuncu Yil University 

Hospital. The study included a total of 60 subjects 

(15 newborns with esophageal atresia, 15 healthy 

newborns and their mothers).  This research 

received the ethical approval of the local ethics 

Abstract 
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committee. The determination of the levels of the 

trace elements and heavy metals was performed by 

the Atomic Absorption Spectrophotometer 

(UNICAM-929 spectrophotometer, Unicam Ltd, 

York Street, Cambridge, UK). 

 

Statistical Analysis: Descriptive analyses on 

focused features are expressed as Average, 

Standard Dev, Minimum and Maximum values. In 

order to determine whether there is any difference 

between groups and Mother-Baby values in terms 

of variances, the measured variance analysis has 

been applied. In order to determine the 

relationship between the mentioned variances, the 

Spearman correlation coefficient has been 

calculated. The Statistical significance level has 

been taken as %5 and %1, and SPSS statistical 

packaged software is used in calculations (SPSS for 

Windows version 13.0, SPSS Inc., Chicago, Illinois, 

USA). 
 

Results 

 

Mg  value  measured  in  newborns  with  

EA  was  higher  than that of the control  group.  

It was statistically important as (p<0.01). The 

increase of serum Cu level was significantly 

higher in the newborns with EA than healthy ones 

(p<0.01).  Pb level was detected lower than the 

control group. The decrease was statistically 

significant as (p<0.01). Serum Pb levels were 

not statistically different between mothers of 

healthy newborns and mothers of newborns 

with EA. Zn level of EA group was significantly 

higher than that of the control group (p<0.01). 

Increased serum Mn and Cd levels were 

determined in EA group compared to the control 

groups (p<0.01). Co value was higher in EA but 

it was not statistically important (p>0.01). In this 

patient group, serum Pb and Cu levels were 

significantly lower in babies than their mothers 

(p<0.01). In the same group, Cd level was 

significantly higher in babies than their mothers 

(p<0.01). In healthy group, serum Mg, Mn, Zn, 

Cd and Cu levels were significantly lower in 

babies than their mothers (p<0.01). An increase 

was detected in the concentration of Fe in the 

serum of babies with EA. It was higher than the 

controls group’s, but the difference was not 

statistically significant (p>0.01) (Table 1). In the 

patient group, a positive correlation determined 

between Mg – Fe levels and a negative 

correlation between Co – Fe, Cd – Pb levels of 

babies, a positive correlation between Pb – Mg, 

Cu – Cd, Cu – Fe levels of babies and their 

mothers were determined. In the same group, 

there was a positive correlation between Zn – 

Mg, Co – Zn, Cd – Mg, Cu – Mg levels of 

mothers (Table 2). 

In the control group, there was a positive 

correlation between Zn – Fe, Co – Mg, Cu – Mg, 

Cu – Co levels, a negative correlation between 

Co – Fe, Cu – Zn levels of newborns, a 

positive correlation between Mg – Mg, Zn – Pb, 

Cd – Zn, Cu – Cd levels and a negative 

correlation between Cu – Pb, Cu – Fe, Cu – Zn 

levels of babies and their mothers. In this group, 

there was a positive correlation between Zn – 

Mg, Cu – Zn levels and a negative correlation 

between Zn – Pb levels of mothers (Table 3). 

 

Discussion 

 

Esophageal atresia (EA) is a condition 

in which the proximal and distal portions of 

the esophagus do not communicate. Many 

variations of this birth anomaly have been 

described. Newborns with EA often have a  

Table 1. Iron (Fe), Magnesium (Mg), Manganese (Mn), Lead (Pb), Zinc (Zn), Cobalt (Co), Cadmium (Cd), Copper (Cu) levels in 
the newborns with esophageal atresia and their mothers, compared with the healthy control group of newborns and their mothers 

 

  
Parameters 

Patient Group 

Newborns               Mothers  

Healthy Group 

        Newborns                    Mothers 

 Fe (micro g/dI) 2,089 ± 0.891 3,011 ± 1,641 2,497 ± 0,887 2,397 ± 1,509 

Mg (micro g/dI) 20,181 ± 3.349
a
 20,677 ± 5,054 8,073  ± 3,312

a, c
 23,051 ± 3,380

c
 

Mn (micro g/dI) 0,011 ± 0,007
a
 0,013 ± 0,009 0,005 ± 0,004

a, c
 0,016 ± 0,007

c
 

Pb (micro g/dI) 0,360 ± 0,121
a, c

 0,690 ± 0,065
c
 0,643 ± 0,094

a
 0,605 ± 0,163 

Zn (micro g/dI) 1,401 ± 0,379
a
 1,203 ± 0,274 0,812 ± 0,238

a, c
 1,296 ± 0,280

c
 

Co (micro g/dI) 0,039 ± 0,014 0,033 ± 0,016 0,038 ± 0,019 0,034 ± 0,019 

Cd (micro g/dI) 0,035 ± 0,010
a, c

 0,026 ± 0,010
b, c

 0,019 ± 0,013
a, c

 0,061 ± 0,012
b, c

 

Cu (micro g/dI) 1,246 ± 0,768
a, c

 2,009 ± 0,651
c
 0,332 ± 0,086

a,, c
 2,378 ± 0,470

c
 

 

Data presented as mean ± SD. n=15 
a
p ≤ 0.01, p≤ 0.05 compared with healthy newborns, 

b
p≤ 0.01compared with healthy mothers, 

c
p≤ 0.05 compared with mothers in 

same group; two-factor variance-analysis. 
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Table 2. Sperman’s rank correlations coefficients between the eight biochemical variables in the newborns with esophageal atresia (n:15) 

and their mothers (n:15) 

 

 

 

N - Fe 

N M N M N M N M N M N M N M N M 

Fe Fe Mg Mg Mn Mn P

b 
Pb Zn Z

n 
Co Co Cd Cd Cu C

u 1                

M - Fe -,396 1               

N - Mg a -,118 1              

M - Mg ,187 ,090 ,222 1             

N - Mn ,083 ,319 ,200 -,315 1            

M - Mn -,200 ,334 -,433 -,208 ,283 1           

N - Pb -,113 -,102 -,331 -,083 -,422 a 1          

M - Pb -,095 ,252 -,353 ,505 ,033 ,144 ,046 1         

N - Zn ,263 ,239 ,201 -,042 ,517 ,234 -,023 ,440 1        

M - Zn -,125 ,097 -,172 a -,119 ,336 ,238 ,412 -,051 1       

N - Co a ,425 -,122 -,215 ,464 ,110 -,278 ,002 ,240 ,219 1      

M - Co ,080 -,342 ,084 ,145 -,024 ,287 ,503 ,026 ,037 a ,076 1     

N - Cd -,012 ,083 ,195 -,148 ,232 -,374 a -,236 ,021 a ,054 a 1    

M - Cd ,146 -,314 -,169 a -,526 -,164 ,099 ,291 -,400 ,127 a -,002 -,104 1   

N - Cu -,189 -,284 -,038 ,293 -,303 -,030 ,182 -,092 -,378 ,028 -,145 ,121 ,121 a 1  

M - Cu a ,085 ,478 a ,018 -,391 -,410 ,407 ,345 -,056 -,412 -,281 ,139 ,413 -,081 1 

a
*: p<0.05, **: p<0.01 (Sperman’s rank correlation coefficient). 

N, newborn; M, mother; Fe, Iron; Mg, Magnesium; Mn, Manganese; Pb, Lead; Zn, Zinc; Co, Cobalt; Cd, 

Cadmium; Cu Copper 
 

 

Table 3. Sperman’s rank correlations coefficients between the eight biochemical variables in the healthy newborns (n:15) and 
their mothers (n:15) 

 

 

 

N - Fe 

N M N M N M N M N M N M N M N M 

Fe Fe Mg Mg Mn Mn Pb Pb Zn Zn Co Co Cd Cd Cu Cu 
1                

M - Fe ,413 1               

N - Mg -,444 -,362 1              

M - Mg -,467 -,487 a 1             

N - Mn ,131 -,263 ,033 -,134 1            

M - Mn -,038 -,457 -,173 ,487 ,168 1           

N - Pb ,113 -,012 ,282 ,376 -,250 -,028 1          

M - Pb ,528 -,075 -,324 -,121 -,192 ,177 -,180 1         

N - Zn a -,185 -,277 ,068 -,015 ,313 ,043 a 1        

M - Zn -,370 -,082 ,466 a -,323 ,100 a a -,504 1       

N - Co a -,276 a ,283 ,062 -,513 ,095 -,462 -,457 ,267 1      

M - Co ,204 -,158 -,134 -,054 ,283 ,349 -,096 ,254 ,133 ,104 -,286 1     

N - Cd -,228 -,159 ,049 ,233 ,216 ,343 ,286 -,412 -,392 a -,117 ,397 1    

M - Cd -,291 ,049 -,396 -,043 -,494 ,049 ,135 -,268 -,382 ,371 -,216 -,103 ,339 1   

N - Cu -,386 -,040 a ,190 ,414 -,384 ,041 a a ,343 a -,032 ,185 -,382 1  

M - Cu a ,155 ,236 ,280 -,264 -,139 ,260 -,488 a a ,320 -,157 a ,444 ,296 1 

a
*: p<0.05, **: p<0.01 (Sperman’s rank correlation coefficient). 

N, newborn; M, mother; Fe, Iron; Mg, Magnesium; Mn, Manganese; Pb, Lead; Zn, Zinc; Co, Cobalt; Cd, C admium; Cu 

Copper 
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tracheoesophageal fistula. This relationship can 

lead to a breathing difficulty known as 

aspiration pneumonia if salivary from the 

upper pouch or stomach contents from the 

lower pouch enter the trachea and lungs. 

Esophageal atresia and tracheoesophageal fistula 

are congenital defects for which there are no 

recommended alternatives. There are no 

recognized measures to prohibit these congenital 

defects [4]. 

Researches on trace elements in health 

and illness have enabled us to understand the 

importance of them for life over the past 50 

years. In the blood and tissues, Cd stimulates 

the formation of metallothioneins and reactive 

oxygen species (ROS) in this way cause to 

oxidative injury in erythrocytes and in several 

tissues [6-8]. 

Mn is a trace element required for health 

in trace quantity, but toxic at high doses. There 

are limited reports in the literature review about 

the effects of excessive oral exposure of humans 

[9]. An increase determined in Mn level of EA 

group compared to the control group (p<0.01). 

There was a difference between their mothers 

and sick babies. The reason for this change in Mn 

level may arise from the change in the free-

radical-scavenging activity of SOD. 

Pb raises oxidative stress, affects 

endothelial function, promotes inflammation, 

down regulates nitric oxide production, and 

causes renal dysfunction [10]. The Pb is a toxic 

and carcinogenic metal [11, 12]. An important 

decrease was detected in Pb level compared to 

the control group (p<0.01). Additionally, serum 

Pb level was significantly lower in the newborns 

with EA than their mothers (p<0.01) and not 

significantly different between the mothers of the 

healthy newborns and the  mothers of the  

newborns. It is known that in increased Pb 

levels, lead passes the blood-brain barrier, in 

brain tissue. 

Studies have confirmed the importance 

of Zn as a fundamental trace element in 

human metabolism [13-15]. Studies on zinc 

supplementation have shown a positive 

correlation on clinical findings and growth, 

especially amongst children who are stunted [16, 

17]. The serum Zn level was significantly higher 

in serum of EA group than the control group 

(P<0.01). 

Several physiological functions which 

can be important in immunological defense to 

pathogenic challenge may be impressed by the 

deficiency of cupper. It was reported that serum 

levels  of  Cu,  Fe  and  ceruloplasmin  activity  

decreased  in  Cu-deficient  animals  [18].  A 

statistically significant increase determined in Cu 

level with esophageal atresia compared to the 

healthy newborns (p<0.01). This may be 

related to t h e  higher ceruloplasmin levels in 

these groups. This is because the method that is 

used for copper measurement, determines the 

copper which is bound to ceruloplasmin [19, 20]. 

Co is a fundamental trace element of 

vitamin B12, which is necessary for foliate and 

fatty acid metabolism. Although cobalt is a 

necessary trace element, Co lack hasn’t been 

reported in humans. Co can be measured in 

whole blood, serum and various tissues. There 

are no appointed markers or indicators of cobalt 

status [21, 22]. There was no important 

difference between any of the groups in serum Co 

levels. Co level was higher in EA group but it was 

not statistically significant (p>0.01). Co is a 

natural element found throughout the 

environment. Respiration problems are the major 

effects noted from chronic exposure to Co by 

inhalation, with respiratory irritation, wheezing, 

asthma, pneumonia, and fibrosis noted [23]. 

Mg is the fourth most prodigal cation 

in the body and plays an essential role as an 

enzyme cofactor in the  synthesis of proteins and 

mineral administration. Its metabolism is related 

to the bone and it is requisite to osteogenesis 

and mineralization of bones [24]. It has been 

reported that decreased Mg levels in the blood of 

people with active schizophrenia compared to 

normal and increased levels in people whose 

schizophrenia is in remission [25-27]. Statistically 

important increase was detected in serum Mg 

levels of newborns with EA compared to the 

control group (p<0.01). 

Fe is a relatively abundant element in 

the universe. Iron nuclei are very stable. Fe is 

an essential component of plant and animal life, 

and is the key component of hemoglobin [28]. 

Although Fe is physiologically necessary, it is 

biochemically dangerous. Fe is an ultimate 

nutritional element for all life forms but 

excessive Fe and Fe deficiency also lead to 

oxidative DNA damage [29]. The mean 

concentration of Fe in the serum of EA patients 

was higher than t h a t  o f  the control group, but 

the difference was not significant (p>0.01). It 

appeared that, Fe levels in the newborns with 

EA and their mothers had no effect on the 

development of congenital anomaly. 

Cadmium is one of the most toxic 

environmental and industrial pollutants. 

Cadmium’s industrial access arises from its 

matchless properties [11]. As a consequence, 

Cd increases enhanced lipid peroxidation and 

DNA damage; on the other hand decreases 

marked disturbances of antioxidant defense 

system [6, 19]. As far as we know, there is no 

study examining Cd levels in EA in the 

literature. Cd level was found increased in 

esophageal atresia group than the control group 

(p<0.01). Congenital anomalies in infants with 
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high Mg and Mn values (in Esophagus atresia) 

can relate to the development. 

There was a positive correlation between 

Pb and Mg, Cu and Cd, Cu and Fe levels in 

t h e  newborns with EA and their mothers. 

There was a negative correlation between Co and 

Fe, Cd and Pb levels in the newborns with EA. To 

date, no study examining the effects of mineral 

substance, trace element, heavy metal in 

esophageal atresia has been performed, as in the 

present study. Therefore, we could not have the 

chance to compare our results with the previous 

results. 

 

Conclusion 

 

Serum level of trace elements may be 

changed in patients with EA. In addition, serum 

Cu, Pb, Zn, Fe, Mg, Co, Mn and Cd might play 

a role in the patients of esophageal atresia.  The 

current study is the first to show the presence of 

positive correlations among the serum Cu, Pb, Zn, 

Fe, Cd, Co, Mn, Mg levels in EA patients. In this 

study, important data could be obtained about the 

relationship between mineral and heavy metal 

levels with esophageal atresia.  
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