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ABSTRACT

Introduction: Vitamin D levels are known to be related to prevalence of allergy and 
infection in children. However, vitamin D levels in infants’ umbilical cord blood need 
to be investigated. Therefore, this study aimed to determine association between 
25-hydroxyvitamin D [25(OH)D] levels and incidence of allergy and infection 
in children. Methods: A longitudinal study involving 38 full-term newborns 
was conducted. Serum 25(OH)D levels in infants’ umbilical cord and venous 
blood were measured at birth and six months, respectively. 25(OH)D levels were 
classified as insufficient (<20 ng/mL) and sufficient (>20 ng/mL). Parents filled out 
questionnaires about their children’s allergy and infection symptoms. Paired t-test 
was performed to compare the 25(OH)D levels at birth and at six months. Chi-
squared test was conducted to determine relationship between 25(OH)D levels and 
incidence of infection and allergy in children. Results: 25(OH)D levels in venous 
blood of 6-month-old infants were significantly higher than in umbilical cord blood 
(50.44±13.59 ng/mL vs. 20.70±6.60 ng/mL, p<0.001). In addition, 25(OH)D level 
insufficiency in umbilical cord blood was associated with infection (p<0.05). However, 
there was no incidence of allergy, and exclusive breastfeeding and sun exposure 
were not associated with vitamin D levels in 6-month-old infants. Conclusion: We 
conclude that 25(OH)D level insufficiency in umbilical cord blood was associated 
with incidence of infection in the first six months of life.
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INTRODUCTION

Vitamin D and calcium deficiencies 
are widespread, making them global 
health concerns, particularly for infants, 
children, and adolescents (Amrein et 
al., 2020). A systematic review in the 
South-East Asia region showed that 
vitamin D deficiency among healthy 
children is common. Its prevalence 
ranges from 0.9% to 96.4%, with >50% 

of newborns suffering from vitamin D 
deficiency (Oktaria et al., 2022). Data 
from Yogyakarta, Indonesia, revealed 
that vitamin D deficiency was detected in 
90% of umbilical cord blood samples and 
13% of venous blood samples obtained 
from 6-month-old infants (Oktaria et al., 
2020). 

It has been hypothesised that vitamin 
D deficiency is related to acute and 
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chronic diseases, including infectious 
diseases, allergies, autoimmune and 
neurological disorders, dental caries, 
cardiovascular disease, type 2 diabetes, 
and cancer (Holick, 2017). The role of 
vitamin D in modulating the immune 
system against various pathogens is 
through cathelicidin, which activates 
autophagy and enhances antimicrobial 
function against pathogens and 
inflammation (Chung et al., 2020).

Allergic diseases are relatively 
common in developed countries, affecting 
four to five individuals (Wang, 2011). A 
study conducted on a group of patients 
aged 0–18 years with atopic dermatitis, 
asthma, and food allergies demonstrated 
that 48% of them had insufficient serum 
25-hydroxyvitamin D [25(OH)D] levels 
(<30 ng/mL) (Searing & Leung, 2010). 
In addition, a study conducted in 
Taiwan showed that low serum 25(OH)
D level in the umbilical cord blood was 
associated with a high risk of respiratory 
tract infection in infants aged below six 
months (Lai et al., 2017).

The correlation between vitamin D 
levels in umbilical cord blood and allergic 
and infectious diseases has yet to be 
adequately investigated in Indonesia. 
Therefore, this study aimed to determine 
the association between serum 25(OH)
D level in the umbilical cord blood and 
the incidence of allergy and infection in 
the first six months of life. Further, it 
aimed to analyse the difference between 
serum 25(OH)D levels in umbilical cord 
blood and in venous blood, as well as the 
effect of exclusive breastfeeding and sun 
exposure on serum 25(OH)D levels.

MATERIALS AND METHODS

Study design
This longitudinal study was conducted 
in Semarang, Central Java, Indonesia, 
from May 2017 to August 2018. The 
inclusion criteria for the infants were full-
term, singleton, vigorous, and without 

a history of asphyxia. Meanwhile, 
the inclusion criteria for the mothers 
were age <40 years, no pregnancy 
complications, and willingness to 
participate in the study from the third 
trimester until the first six months post-
delivery. Sample size was calculated 
by comparing two proportions formula 
(Wang & Chow, 2007), with confidence 
level of 95%, α=0.05, critical value of 
1.96, and power=80%. With p1 and p2 
as the expected sample proportions of 
the two groups, the minimum sample 
calculated was 35 subjects. 

All subjects were asked for written 
informed consent. Umbilical cord blood 
samples of 50 infants were obtained 
from hospitals and primary health 
care centres. During the study period, 
several infants were excluded: three, 
who stopped study participation; eight, 
whose parents refused blood collection; 
and one, who died. Thus, only 38 infants 
(22 boys and 16 girls) were included in 
the final analysis. However, the required 
minimum sample size was still met. The 
protocol for this study was approved 
by the Faculty of Medicine, Diponegoro 
University ethics committee (Approval 
no.: 18/EC/FK-RSDK/I/2017).

Allergic and infectious diseases
Allergic manifestations in the 
gastrointestinal tract (diarrhoea), skin 
(atopic dermatitis, eczema, urticaria, 
and angioedema), and respiratory 
tract (wheezing, nasal hypersecretion, 
bronchial hypersecretion) were obtained 
from the questionnaires the parents 
had answered. In addition, infections 
consisting of fever with symptoms in 
the respiratory tract, gastrointestinal 
tract (diarrhoea), and skin infection 
were reported by parents in the 
questionnaires.

Breastfeeding
Exclusive breastfeeding was defined 
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as feeding an infant with breast milk 
without any additional food/drink, not 
even water (WHO and UNICEF, 2021).

Sun exposure
The length of sun exposure was 
calculated in minutes/week. The 
infants were exposed to the sun wearing 
minimal clothing (>50% exposure) 
and with no sun protection, such as 
umbrellas, shades, and sunblock, at 8 
to 10 a.m. in the morning. The length 
of sun exposure was categorised as >30 
minutes/week and <30 minutes/week, 
and the exposure was evaluated for six 
months (Anusha et al., 2019).

Blood samples
Blood sample was collected from the 
umbilical cord after the infant was born, 
before the placenta was taken away. 
Blood (3 mL) was taken by placing two 
clamps of 10±15 cm on the umbilical 
cord. Blood from the umbilical vein was 
collected using a 5-mL syringe and then 
injected into a non-ethylenediamine 
tetra acetic acid tube. Blood samples of 
the 6-month-old infants were obtained 
from the vein. All samples were brought 
to the Dr. Kariadi Hospital, Semarang, 
Indonesia. Samples were centrifuged at 
3000 rpm for 10 minutes, and the serum 
was separated and stored in a freezer at 
-20ºC. After the specimen was collected 
using a packed cold chain method and 
stored in a cool box, it was delivered 
to the GAKI Laboratory of Diponegoro 
National Hospital, Semarang, Indonesia 
for the analysis of 25(OH)D level.

Serum 25(OH) D analysis
The serum 25(OH)D levels at birth (from 
the umbilical cord blood) and six months 
of age were measured via enzyme-linked 
immunosorbent assay and using the 
ELX-800 microplate reader (BioTek 
Instruments, Inc., Winooski, USA). The 
25(OH)D levels were categorised as 
sufficient (>20 ng/mL or >50 nmol/L) 

and insufficient (≤20 ng/mL or ≤50 
nmol/L) (Amrein et al., 2020).

Data calculation and statistical 
analysis
Statistical analysis was conducted 
using IBM SPSS Statistics for Windows 
version 25.0 (IBM Corporation, Armonk, 
New York, USA). A normality test was 
conducted to determine the distribution 
of numeric variables before analysis. 
Normally distributed numeric variables 
were expressed as mean (standard 
deviation), whereas non-normally 
distributed ones were expressed as 
median (minimum and maximum). 
Categorical variables were presented in 
a frequency distribution. The difference 
between serum 25(OH)D levels in 
umbilical cord blood of newborns and 
serum 25(OH)D levels in venous blood 
of 6-month-old infants was evaluated 
using paired t-test. Chi-squared test 
was employed to analyse the association 
between 25(OH)D levels with allergic and 
infectious diseases in infants up to six 
months old.
  
RESULTS

The characteristics of the infants were 
as follows: 26 (68.4%) were born through 
normal deliveries, 18 (47.4%) were 
exclusively breastfed (EBF), 36 (94.7%) 
were exposed to the sun for more than 30 
minutes/week, and all infants received 
complete immunisations according to 
their age.

Mean 25(OH)D levels in the umbilical 
cord blood and venous blood of 6-month-
old infants are presented in Table 1. Of 
the 38 umbilical cord blood samples, 
50% were found to have sufficient 25(OH)
D levels, whereas 50% had insufficient 
25(OH)D levels. Contrarily, all samples 
from 6-month-old infants had sufficient 
25(OH)D levels. Furthermore, the 25(OH)
D levels in venous blood of 6-month-
old infants were also higher than those 
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of newborns (20.70±6.60 ng/mL vs. 
50.44±13.59 ng/mL, p<0.001) (Table 1).

There were no reports of infants 
experiencing allergic symptoms, but 
seven infants (18.4%) had a family 
history of allergy. Infectious diseases, 
such as upper respiratory infection (URI) 
and diarrhoea, occurred in 14 infants, 

of whom 10 had insufficient 25(OH)
D levels in the umbilical cord blood 
(Table 2). However, no skin infection 
occurred in the infants and none of 
them were hospitalised. In addition, a 
significant association was observed 
between insufficient 25(OH)D levels in 
the umbilical cord blood and infection. 

Table 1. Comparison of 25(OH)D levels in the umbilical cord blood and at six months

Vitamin D level n 25(OH)D level 
(Mean±SD)

p

Umbilical cord blood (ng/mL) 38 20.70±6.60 <0.001†*
6 months (ng/mL) 38 50.44±13.59

†Paired t-test
*Significance, p<0.05

Table 2. Association between insufficient 25(OH)D levels in the umbilical cord blood and 
infection

25(OH)D insufficient
n (%)

25(OH)D sufficient
n (%)

p

Infections (URI and diarrhoea)
Yes 10 (71.4) 4 (28.6) 0.044†*

No 9 (37.5) 15 (62.5)
URI

Yes 8 (66.7) 4 (33.3) 0.163†

No 11 (42.3) 15 (57.7)

Diarrhoea
Yes 2 (100.0) 0 (0.0) 0.486‡

No 17 (47.2) 19 (52.8)

URI: upper respiratory infection
†Pearson’s chi-squared test
‡Fisher’s exact test
*Significance, p<0.05

Table 3. Comparison of 25(OH)D levels (ng/mL) among 6-month-old infants according to 
breastfeeding status and sunlight exposure

Variables n
25(OH)D level 

(Mean±SD)
p

Exclusively breastfed 18 48.52±9.52 0.406†

Non-exclusively breastfed 20 52.16±16.50

Sunlight exposure

>30 min/week 36 51.00±13.53 0.283†

<30 min/week 2 40.80±14.89

†t-test
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However, there was no significant 
association between 25(OH)D levels in 
the umbilical cord blood and URI or 
diarrhoea per se (Table 2).

Although the 25(OH)D levels of EBF 
infants were lower than those of non-
EBF infants at six months of age, the 
25(OH)D levels were higher in those who 
were exposed to the sun for more than 
30 minutes/week than in those who 
were exposed for less than 30 minutes/
week; however, the differences were not 
statistically significant (Table 3).

DISCUSSION

In this study, the 25(OH)D levels in 
the umbilical cord blood of 19 infants 
(50%) were insufficient. This finding is 
consistent with that from a previous 
study on South-East Asian newborns, 
which indicated that 20.2% of newborns 
were categorised as vitamin D deficient 
(<12 ng/mL) and 69.1% as vitamin D 
insufficient (12–20 ng/mL) (Ariyawatkul 
& Lersbuasin, 2018). A meta-analysis 
revealed that vitamin D deficiency in 
Turkey varied from 58.9% to 66.6% and 
that the risk was higher among neonates, 
pregnant women, and adult women. 
It also showed that 86.6% of infants 
had vitamin D deficiency (Alpdemir & 
Alpdemir, 2019). Infants born to mothers 
of non-white race/ethnicity have a higher 
risk of vitamin D deficiency (Eldjerou et 
al., 2015). Mean 25(OH)D levels in 100 
umbilical cord blood samples according 
to maternal ethnicity were reportedly 
higher in Caucasians than in Asians, 
Hispanics, Pacific Islanders, and African 
Americans (Halm et al., 2013).

This study found that EBF infants 
had lower vitamin D levels at six months 
old than non-exclusively breastfed 
infants. However, both groups still had 
sufficient vitamin D levels (>20 ng/mL). 
This finding is inconsistent with that 
from a study conducted in Indonesia, 
which indicated that EBF infants 

were twice as likely to have vitamin D 
deficiency at six months of age (Oktaria 
et al., 2020). Furthermore, a significant 
difference in the vitamin D levels between 
newborns and 6-month-old infants was 
observed (p<0.001). A previous study 
in Denmark reported that 4-month-
old infants had vitamin D levels of 
94.1±24.2 nmol/L, whereas 9-month-
old infants had 82.2±18.9 nmol/L; 
more than 90% of the infants received 
vitamin D supplementation (Streym et 
al., 2013). Contrarily, a study in South 
Korea reported that vitamin D deficiency 
(<20 ng/mL) occurred in 48.7% of 
infants aged 1–6 months. It also showed 
that the most significant risk factor was 
exclusive breastfeeding (Choi, Kim & 
Jeong, 2013). Breast milk and formula 
milk contain a very small amount of 
vitamin D. Breast milk contains only 
<20 IU/L of vitamin D and even less 
if the mother has low exposure to the 
sun, which is insufficient to meet the 
infant’s growing needs. Thus, without 
fortification, EBF infants will receive 
<20% of their daily needs (Ruangkit et 
al., 2021). 25(OH)D concentration is 
found to be higher in hindmilk than 
in foremilk [2.10% (1.63%–2.65%) vs. 
1.35% (1.04%–1.84%), respectively]. 
25(OH)D concentration in breast milk 
is also correlated with maternal plasma 
concentration; mothers who received 
vitamin D supplementation have higher 
25(OH)D concentrations in their breast 
milk than those who did not (Streym et 
al., 2016).

In our study, neither the vitamin 
D insufficient group nor the vitamin D 
sufficient group reported any incidence 
of allergic diseases. This finding is in 
line with that from a study in Australia, 
which administered 400 IU of vitamin D 
supplementation to children aged 1–2.5 
years who had familial history of allergy; 
the results indicated that vitamin D 
supplementation did not reduce the 
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development of allergies (Rueter et al., 
2020). Another study conducted on 
children with persistent asthma and 
vitamin D deficiency found no clinical 
differences in asthma attacks between 
the experimental and control groups 
(Forno et al., 2020).

A significant association was 
observed between insufficient 25(OH)
D levels in the umbilical cord blood 
and infection. A study on 122 infants 
in Taiwan found that a serum 25(OH)D 
level below 13.7 ng/mL in the umbilical 
cord blood was correlated with a higher 
risk of respiratory tract infection before 
the infants reached six months old (Lai et 
al., 2017). Furthermore, it was reported 
that infants with a low 25(OH)D level 
had a higher risk of respiratory tract 
infection before reaching three months 
old (Camargo et al., 2011). Similarly, 
our study demonstrated that infants 
with insufficient 25(OH)D levels in the 
umbilical cord blood had a 4.2 times 
higher risk of URI. Similar results were 
obtained from a study in Saudi Arabia, 
whereby low 25(OH)D levels in the 
umbilical cord blood also increased the 
risk of lower respiratory tract infection 
in children at two years of age (Mohamed 
& Al-Shehri, 2013). Another study in 
Indonesia found that 19% of infants and 
children with pneumonia had vitamin D 
deficiency; however, it was not related to 
the severity of pneumonia (Oktaria et al., 
2021).

A previous study in Tanzania 
reported that the prevalence rates of 
vitamin D deficiency and insufficiency 
in 188 children aged <5 years were 
relatively high, at 53.7% and 34%, 
respectively; however, no association 
was observed between vitamin D level 
and the incidence of diarrhoea (Hassam 
et al., 2019). Similarly, our study found 
no association between the incidence 
of diarrhoea and insufficient 25(OH)D 
levels in the umbilical cord blood, with 
just two of our infants having diarrhoea.

Despite the sun being the main 
source of vitamin D, there are concerns 
regarding excessive sun exposure as 
one of the risk factors for skin cancer. 
The American Academy of Pediatrics 
recommends that infants below the age 
of six months not be exposed to direct 
sunlight (Long, 2017). In this study, 
data about infants’ sun exposure were 
obtained. We found that 6-month-old 
infants with sun exposure <30 minutes/
week and those with sun exposure >30 
minutes/week had sufficient vitamin 
D levels (>20 ng/mL). This finding is 
supported by a study in Sri Lanka, 
which reported that sun exposure 
>30 minutes/week was significantly 
associated with higher vitamin D levels 
in infants aged 4–6 weeks (Anusha et al., 
2019). In addition, a study in India also 
reported that sun exposure of at least 
30 minutes/week for at least 16 weeks 
achieved sufficient vitamin D levels (>20 
ng/mL) in 6-month-old infants (Meena 
et al., 2017). Our data indicated that 
94.7% of infants received sun exposure 
>30 minutes/week.

A study on sun exposure in South-
East Asia has reported that the highest 
intensity of ultraviolet B is from 10 a.m. 
to 3 p.m., when the sun is directly above 
the head. A previous study conducted 
in Semarang, Indonesia, on 109 infants 
aged 7–12 months has reported that sun 
exposure from 10 a.m. to 2 p.m., three 
times per week for 5 minutes (50% of 
body surface area) for two months, can 
increase serum 25(OH)D levels by 8.9 
ng/mL (Pratiwi, 2019).

The limitations of this study were 
that several parents refused to allow 
their child’s blood to be taken at six 
months of age, and vitamin D levels in 
the mothers’ blood were not measured. 
However, to the best of our knowledge, 
this is the first study in Indonesia that 
has analysed the association of vitamin D 
levels in the venous blood and umbilical 
cord blood of 6-month-old infants with 
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the incidence of allergic and infectious 
diseases.

CONCLUSION

The incidence rate of 25(OH)D level 
insufficiency in the umbilical cord blood 
was 50%. The 25(OH)D level in the venous 
blood of 6-month-old infants was higher 
than that in the umbilical cord blood 
of newborns. Significant association 
was observed between 25(OH)D level 
insufficiency in the umbilical cord blood 
and infection. However, allergic diseases 
did not occur in both the insufficient 
and sufficient 25(OH)D groups. Further 
study is needed to analyse the vitamin D 
levels of infants diagnosed with allergic 
and infectious diseases.
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