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 Background & Objective:  Vitamin D deficiency has been implicated in a wide 

range of conditions such as infectious and autoimmune diseases, cardiovascular and 

cerebrovascular events, and various malignancies to unfavorable birth outcomes. 

We studied vitamin D status in a group of neonates with congenital heart disease 

(CHD) and its relationship with the outcome of heart surgery. 

 Materials & Methods:  Total vitamin D levels in plasma were measured before and 

24 hours after the operation in 45 neonates with CHD undergoing heart surgery and in 

77 hospitalized neonates without a history of CHD as controls, at Children’s Medical 

Center between March and September 2018. 

Results:  Preoperative vitamin D levels in patients with CHD were not significantly 

different from the control group (42.4 +/- 18.0 versus 46.9 +/- 27.7 nmol/L, P=0.640). 

Patients’ vitamin D levels decreased postoperatively (42.4 +/- 18.0 versus 36.2 +/- 

14.5 nmol/L, P=0.013). This decline was significant in the cyanotic and open-heart 

surgery groups, but not in non-cyanotic or closed-heart surgery groups. In 41 (91.1%) 

patients, the outcome was successful discharge from the hospital, in 3 (6.7%), the 

outcome was demise, and in one, it was not determined due to early discharge. 

Preoperative and postoperative vitamin D levels did not show any relationship with 

the outcome. However, logistic regression analysis revealed a significant relationship 

between the amount of postoperative decline in vitamin D levels and the outcome of 

death (OR=1.261, 95% CI=1.026-1.551, P=0.028). 

Conclusion:  Results corroborates previous findings and suggests the amount of 

postoperative decline in vitamin D levels as a predictor of the outcome of heart 

surgery in CHD. 
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Introduction

Classical roles of vitamin D in intestinal calcium 

absorption and renal calcium reabsorption and its 

dynamic skeletal effects are well-established, as are the 

consequences of its deficiency in terms of skeletal 

abnormalities such as rickets (1, 2). Furthermore, in recent 

years, vitamin D deficiency has been implicated in a wide 

range of conditions from infectious and autoimmune 

diseases, cardiovascular and cerebrovascular events, and 

various malignancies, to unfavorable birth outcomes and 

increased all-cause mortality (3-8). Thus, vitamin D has 

been recognized as a pleiotropic factor with diverse 

functions that are still under study. 

One interesting area of recent focus has been vitamin D 

status and shifts in vitamin D levels in critically ill patients 

and these variables’ relationship to the outcome. In view 

of the varied roles of vitamin D in essential organs and life 

processes, it has been postulated that deficiency in this 

vitamin may adversely affect the outcome in critically ill 

patients (9). Several studies have found an association 

between vitamin D deficiency and the risk of death in 

adults in critical care (10-12), and clinical trials are being 

performed to investigate the possible beneficial role of 

supplemental vitamin D in this group of patients (13-16). 

Furthermore, a growing number of studies have addressed 

the role of vitamin D in critically ill pediatric patients (17-

23). These studies have found mean vitamin D levels in 

critically ill children to be lower compared to control 

subjects and have established associations between 

vitamin D deficiency and increased risk of mortality, 

disease severity, and complications in these patients (24).  

In recent years, several studies have focused on vitamin 

D status in pediatric patients with congenital heart disease 
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(CHD) undergoing heart surgery and its relationship to the 

outcome. In 2013, McNally et al. reported results of a 

longitudinal study of vitamin D status of 54 patients with 

CHD with a mean age of 8.4 (from 2.4 to 66.5) months 

who underwent open-heart surgery and 4 children with 

coarctation of aorta who underwent closed-heart surgery. 

Patients’ vitamin D levels declined significantly after the 

operation, and this decrease was more pronounced in the 

open-heart surgery group. Almost all the decline in this 

group occurred during the operation (25). 

In other studies, Graham et al. reported the vitamin D 

status in 70 neonates with CHD undergoing open-heart 

surgery in 2013 (26). No significant decrease was 

observed in vitamin D levels after the operation. 

However, a negative correlation was found between 

vitamin D levels after surgery and the need for inotropes. 

In 2017, Abou Zahr et al. reported an investigation of 

vitamin D levels in 20 patients with CHD undergoing 

open-heart surgery. Subjects ranged from 2 months to 17 

years of age (27). The authors measured vitamin D levels 

before and immediately after surgery and detected a 

significant decline in the mean vitamin D level after the 

operation. In 2020, Dohain et al. studied vitamin D status 

in 69 children with CHD undergoing open-heart surgery 

(28). They found vitamin D deficiency in 49.3% of the 

patients. This figure increased to 91.3% postoperatively. 

In the present paper, we report vitamin D status and 

changes in vitamin D levels after the operation in a 

group of neonates with CHD undergoing heart surgery 

at Children’s Medical Center of Tehran University of 

Medical Sciences and the relationship of these vitamin 

D variables with the outcomes of demise or successful 

discharge from hospital. 
 

Materials and Methods 

Study and control groups: The study group 

comprised neonates with CHD who underwent heart 

surgery at Children’s Medical Center of Tehran 

University of Medical Sciences between March and 

September of 2018. The diagnosis of CHD was verified 

through echocardiography by a pediatric cardiologist. 

Subjects with a history of perinatal asphyxia or 

cardiopulmonary resuscitation (CPR) and preterm 

infants with gestational ages below 34 weeks were 

excluded from the study. Details on sex, gestational 

age, the specific variety of CHD, age on the day of 

surgery, and outcome (demise versus successful 

discharge from hospital), were transcribed from 

patients’ records. The control group was drawn from 

neonates without a history of CHD, hospitalized at the 

neonatal ward and NICU of the hospital during the 

same period. 

Ethical standards: This study complies with the 

ethical standards of the relevant national guidelines and 

with the Helsinki Declaration of 1975, as revised in 

2008, and has been approved by the institutional 

committee at Tehran University of Medical Sciences 

(Approval ID: IR.TUMS.CHMC.REC.1397.090). 

Informed consent was obtained from parents, and 

pertinent data were gathered from patients’ records 

with due attention to confidentiality. Patients were 

identified by codes, and no personally identifiable 

information was recorded. Measurements of vitamin D 

levels were performed on blood samples taken during 

routine laboratory studies and entailed no additional 

blood-drawing. 

Vitamin D measurements: Total vitamin D plasma 

levels in control and study groups were measured 

through the quantitative luminescence method. In 

subjects with CHD, vitamin D levels were measured 

immediately before and 24 hours after the operation. 

Levels below 49.9 nmol/L (20 ng/mL) were designated 

as vitamin D deficiency (29). 

Data analysis: Data were analyzed using SPSS 

software. Relationships between variables were 

examined using Mann–Whitney U test, Wilcoxon 

signed-rank test, Fisher’s exact test, McNemar's test, 

Spearman's rank correlation coefficient, Rank-Biserial 

Correlation, Phi coefficient, Linear regression, and 

Logistic regression as applicable. The significance 

level was set at 0.05. 

 

Results  

Characteristics of the group under study: A total 

of 45 neonates with CHD were studied. Moreover, 

vitamin D levels were measured in 77 non-CHD 

neonates as the control group. Patients were 

categorized into cyanotic and non-cyanotic according 

to the characteristics of specific congenital heart 

diseases. Of the patients, 33 (73.3%) had the cyanotic 

type of the disease, and 12 (26.6%) were of the non-

cyanotic type. Transposition of the great arteries 

(TGA), in isolation or combined with other defects, 

was the most prevalent disorder with a frequency of 

53.3% (Table 1). Of the patients, 32 (71.7%) 

underwent open-heart surgery, and 13 (28.9%) closed-

heart surgery. An outcome of survival and successful 

discharge from the hospital was recorded in 41 (91.1%) 

of the patients. In 3 patients (6.7%), the outcome was 

demise. In one case, the outcome could not be 

determined due to the early discharge of the patient at 

the parents’ request.  
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Table 1: CHD Types (Cyanotic or Non-cyanotic) and Specific Disease Varieties 

Percent Number of Patients CHD Type and Variety 

(73.3) (33) Cyanotic 

46.6 21 TGA 

4.4 2 TGA+VSD 

2.2 1 TGA+VSAD+PA 

2.2 1 TGA+PDA 

6.6 3 TAPVC 

2.2 1 TA 

2.2 1 PA/IVS+ASD+PDA 

2.2 1 PA+VSD+PDA 

2.2 1 DORV+PS+TOF 

2.2 1 DORV+CoA+VSD 

(26.6) (12) Non-cyanotic 

11 5 CoA 

4.4 2 CoA+VSD 

2.2 1 CoA+VSD+PDA 

6.6 3 PDA 

2.2 1 IAA 

100 45 Total 

ASD= Atrial septal defect, CoA= Coarctation of the aorta, DORV= Double outlet right ventricle, IAA= Interrupted aortic arch, 

PA= Pulmonary atresia, PA/IVS= Pulmonary atresia with intact ventricular septum, PDA= Patent ductus arteriosus, PS= 

Pulmonary stenosis, TA= Tricuspid atresia, TAPVC= Total anomalous pulmonary venous connection, TGA= Transposition of the 

great arteries, TOF= Tetralogy of Fallot, VSD= Ventricular septal defect 

 

Vitamin D status before and after operation: Before 

the operation, vitamin D levels in patients with CHD were 

not significantly different from that of the control group 

(42.4 +/- 18.0 nmol/L versus 46.9 +/- 27.7 nmol/L, 

P=0.640). With heart surgery, vitamin D levels in patients 

with CHD decreased significantly (42.4 +/- 18.0 nmol/L 

before the operation versus 36.2 +/- 14.5 nmol/L after it, 

P=0.013), and the difference between CHD and control 

groups became significant (46.9 +/- 27.7 nmol/L versus 

36.2 +/- 14.5 nmol/L, P=0.041). Furthermore, the 

proportion of vitamin D deficient patients in the CHD 

group increased significantly after the surgery (66.7% of 

the patients before surgery versus 84.4% after it, P=0.021) 

and became significantly higher than the control group 

(84.4% versus 60.3%, P=0.008).  

Both before and after the operation, vitamin D levels in 

the non-cyanotic group were significantly lower 

compared to the cyanotic group, (34.4 +/-17.7 nmol/L 

versus 45.4 +/- 17.2 nmol/L, P=0.039 before the operation 

and 30.7 +/-16.0 nmol/L 38.4 +/-13.5 nmol/L, P=0.017 

after the operation).  

In the cyanotic group, vitamin D levels declined 

significantly after the operation (45.4 +/- 17.2 nmol/L 

versus 38.4 +/- 13.5 nmol/L, P=0.033), and the proportion 

of vitamin D deficient patients increased significantly 

(60% versus 82%, P=0.039), but in the non-cyanotic 

group, changes in these variables after the operation did 

not reach significant levels. Similarly, in the open-heart 

surgery group, vitamin D levels declined significantly 

after the operation (43.4 +/-16.7 nmol/L versus 37.2 +/-

14.0 nmol/L, P=0.045), and the proportion of vitamin D 

deficient patients increased (66% versus 84%, P=0.034). 

No significant changes were observed in these variables 

in the closed-surgery group after the operation. 

Vitamin D status in relation to the outcome: In the 

group with an outcome of demise, vitamin D levels 

decreased from 57.4 +/- 34.3 nmol/L before the operation 

to 29.1 +/- 11.8 nmol/L after it, while in the group with 

the outcome of survival, the level of vitamin D was 41.3 

+/- 16.4 nmol/L before the operation and decreased to 

36.8 +/- 14.8 nmol/L after it. All patients with an outcome 

of death were of the cyanotic type, though of different 

disease varieties, and all underwent open-heart surgery. 

Both in the group of cyanotic patients with an outcome of 

survival and the group of open surgery with an outcome 

of survival, the difference between vitamin D levels 

before and after the operation was not significant (44.2 +/- 

15.2 nmol/L before surgery versus 39.2 +/- 13.5 nmol/L 

after surgery P=0.092 for the group of cyanotic patients 

with an outcome of survival; and 43.5 +/- 16.6 nmol/L 
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before surgery versus 37.3 +/- 13.9 nmol/L after surgery 

P=0.126 for the group of open-heart surgery patients with 

an outcome of survival).  

Levels of vitamin D in the patients, before or after the 

operation, did not show any relationship with the 

outcome. However, logistic regression revealed a 

significant relationship between the amount of 

postoperative decline in vitamin D levels and the outcome 

of death (OR=1.261, 95% CI=1.026-1.551, P=0.028). 

The results of this analysis are summarized in table 2. 

 

Table 2. Logistic Regression Analysis of Risk of Death in CHD Neonates Undergoing Heart Surgery 

 Coeff. Standard Error p Value Odds Ratio CI Lower Limit CI Upper Limit 

Vi. D Decline .232 .105 .028 1.261 1.026 1.551 

Constant -4.070 1.237 .001 .017   

Vit. D Decline= postoperative decline in vitamin D level; Coeff.= coefficient expressed in logits; CI= 95% confidence interval 

for the odds ratio. 

 

Discussion: 

In the present study, we investigated vitamin D status 

and its changes in neonates with CHD undergoing heart 

surgery at Children’s Medical Center of Tehran 

University of Medical Sciences. The relationship 

between these factors and the type of the disease (non-

cyanotic versus cyanotic), type of the surgery (closed-

heart versus open-heart surgery), and outcome 

(successful discharge versus demise), were studied. In 

recent years, several studies have addressed the 

question of vitamin D levels in patients with CHD, its 

changes during and after heart surgery, the possible 

relationship between these variables and the outcome 

of the operation, and the potential of vitamin D 

supplementation as a protective factor against 

unfavorable outcomes in this group of patients (25-27, 

30). 

The present study comprised a range of cyanotic and 

non-cyanotic congenital heart diseases and both open-

heart and closed-heart surgical procedures.  This broad 

coverage provided the opportunity for analyzing and 

comparing cyanotic and non-cyanotic types of the 

disease, as well as open-heart and closed-heart surgical 

procedures, in relation to vitamin D status. Among 

previous studies, the study by McNally et al. comprised 

54 open-heart surgery patients and 4 cases with closed-

heart surgery, and in the studies by Abou Zahr et al. 

and Graham et al., all patients underwent open-heart 

surgery (25-27). In terms of the outcome, in the present 

study 41 (91%) cases improved after surgery and were 

successfully discharged while in 3 (7%) subjects, the 

outcome was demise. One patient had an early 

discharge at the request of the parents. Previous studies 

did not report any patients with an outcome of demise. 

Before the operation, vitamin D levels were not 

significantly different in CHD and control groups. This 

finding is in keeping with the findings of McNally et 

al., which reported that vitamin D levels in children 

with CHD before heart surgery were only slightly 

lower than normal Canadian children (25). The mean 

vitamin D level in patients with CHD decreased 

significantly after the operation and became 

significantly lower than that of the control group. 

Similarly, both McNally et al. and Abou Zahr et al. 

have previously reported a significant decrease in 

vitamin D levels after the operation (25, 27). By 

contrast, Graham et al. did not find such a decline, 

however, it should be noted that 84% of the patients in 

their study were already vitamin D-deficient before 

surgery (26). 

After surgery, vitamin D levels decreased 

significantly in cyanotic patients but the decrease in 

non-cyanotic patients did not reach a significant level. 

Similarly, the proportion of the patients with vitamin D 

deficiency increased significantly in the cyanotic group 

after surgery but no significant changes were detected 

in the group of non-cyanotic patients. 

After surgery, vitamin D levels decreased and the 

proportion of the patients with vitamin D deficiency 

increased significantly in the open-heart surgery, but 

no significant changes were detected in the group of 

closed-heart surgery. As mentioned, previous studies 

comprised mostly of open-heart surgery patients with 

CHD. Graham et al. did not report a significant 

decrease in the level of vitamin D after open-heart 

surgery (26), while McNally et al. and Abou Zahr et al. 

reported such a decline (25, 27). The study by McNally 

et al. included a number of closed-heart surgery 

patients (4 out of 58 subjects). In that study, the decline 

in the level of vitamin D after the operation was 

significantly greater in the group of open-heart surgery 

compared to the closed-heart surgery group (25). The 

findings of the present study are consistent with those 

results. 

Preoperative level of vitamin D in infants with CHD 

did not show a correlation with the outcome after 

surgery; neither did it predict the rate of postoperative 

decline in vitamin D level, but interestingly, logistic 

regression analysis revealed a significant relationship 

between the rate of postoperative decline in vitamin D 

levels and the outcome. Thus, a sharp postoperative 

decline in vitamin D levels is suggested as a predictor 

of the outcome of death. 
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This is the first time that the relationship between 

changes in vitamin D levels during surgery and the 

outcome of death is studied in patients with CHD. In 

previous studies, there were no subjects with the 

outcome of death, and thus, there are no previous studies 

for comparison in this regard.  However, it is noted that 

McNally et al. investigated the catecholamine 

requirement in patients with CHD undergoing surgery as 

an indicator of cardiovascular dysfunction. They 

reported an association between lower postoperative, but 

not preoperative, vitamin D levels and catecholamine 

requirement (25). Similarly, in the study by Graham et 

al., a lower vitamin D level after surgery, but not before 

it, was associated with an increased inotrope 

requirement (26). Likewise, Dohain et al. reported an 

association between lower postoperative levels of 

vitamin D and increased need for inotropic support (28). 

Thus, similar to our findings, these results point to a 

relationship between the postoperative decrease in 

vitamin D levels and unfavorable conditions. 

It should be noted that the present study used 

convenience sampling and included cases and control 

subjects hospitalized at Children’s Medical Center 

between March and September of 2018. This limitation 

of the study could potentially affect the power of the 

statistical analyses. Specifically, the lack of statistical 

significance in analyses involving the noncyanotic 

group might be due to the relatively small number of 

patients in this group. 

 

Conclusion: 

In conclusion, the results of the present study 

corroborate the findings of previous studies on vitamin 

D changes in infants with CHD undergoing heart 

surgery. Our findings further suggest that the rate of 

postoperative decline in vitamin D levels is a predictor 

of the outcome of surgery in infants with CHD. The 

results of the present study, along with similar studies, 

can contribute to a better understanding, prediction, 

and possible prevention of unfavorable outcomes in 

these patients. Further studies are needed to gain a 

more accurate picture of the significance of vitamin D 

change in this group of patients.  
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