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Abstract

Vitamin D receptors are widely expressed in brain tissue, including in the limbic system that plays a role in 
children's mental and emotional development. This study aimed to analyze the relationship between 25-(OH)-D 
level and children's mental-emotional development during their first 1000 days of life. A cross-sectional study 
was conducted on children aged ≤2 years old in Waled and Sukabumi regions using secondary data from previous 
cohort investigations entitled "The Role of Vitamin D in Efforts to Reduce Maternal and Infant mortality". 
The measurement of 25-(OH)-D concentration and assessment of the mental-emotional development were 
performed using the Ages and Stages Questionnaires: Social-Emotional (ASQ-SE) questionnaire. Other child 
and maternal characteristics, and several laboratory results, were also obtained. Statistical analyses were 
performed using the Spearman rank, Pearson correlation test, and multivariate linear regression analysis. A 
total of ninety-two children were included, and the median vitamin D level of the population was 20.17 ng/
mL (IQR 4.43–49.97). The correlation analysis showed that no significant relationship between children's 
mental-emotional scores and the parameters tested, including the concentration of 25-(OH)-D (correlation 
coefficient 0.08; p=0.446). There was no relationship between the vitamin D concentration and mental-
emotional development. Based on these results, it is concluded that there is no correlation between 25-(OH)-D 
concentration and children’s mental-emotional development during the first 1000 days of life. However, further 
investigations are recommended to eliminate various confounding factors.
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Introduction

The first 1,000 days of life, which are from 
conception to the age of 2, are critical for a 
child’s mental and emotional development. 
During this time, there is an increase in the 
number of brain neurons and synapse formation 
that serves as the foundation for subsequent 
developmental processes such as mental and 
emotional development.1–3 A successful mental-
emotional development will lead to children 
who are mentally and emotionally healthy, have a 
positive quality of life and socialize well at home, 
school, as well as in the community. In children, 
mental health implies that a child can reach 
developmental and emotional maturity stages, 

learn and build healthy social relationships, 
and understand how to deal with problems. 
Meanwhile, emotional health is the ability to 
manage and express feelings as well as emotions 
in an age-appropriate manner.4,5 Disturbances 
during the first 1,000 days of life period will 
impair the child’s quality of life. According to 
WHO, 10–20% of children and adolescents 
globally suffer from mental-emotional and 
behavioral disorders, which affect younger and 
older children, respectively.6,7

The interaction of genetic and environmental 
factors influences mental and emotional 
development, one of which is optimal nutritional 
intake.5,8,9including disruptive, depression, 
anxiety and pervasive developmental (autism 
Investigations have shown that vitamin D is 
important for bone growth as well as calcium 
homeostasis regulation and plays a role in 
brain development, cell differentiation, axonal 
growth, neurotrophic factor stimulation, anti-
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inflammatory effects, and the production of 
free radicals from the brain. The vitamin D 
metabolic product, namely 1,25-dihydroxy 
vitamin D (calcitriol) is a secosteroid hormone 
that regulates many genes.9,10 Furthermore, 
its receptors are widely expressed in brain 
tissue, including the limbic system, and play 
a role in children’s mental and emotional 
development.11there has been a lack of direct 
evidence about its role in the human brain. This 
paper reports, for the first time, the distribution 
of the 1,25-dihydroxyvitamin D 3 receptor (VDR 
Although previous reports yielded different 
results with some concluding that there is a 
relationship,12–14 others stated that there is no 
significant correlation between vitamin D levels 
and children’s mental-emotional development.15 
Studies involving children in their first 1000 
days of life are still uncommon and no research 
has used the ASQ-SE questionnaire method.9,16 
The Indonesian version of the Ages & Stages 
Questionnaires®: Social-Emotional (ASQ:SE) 
screening test can now be administered to 
children aged 12–36 months. This is because 
it met the validity criteria and has fairly good 
reliability, according to Cesilia et al.17 Therefore, 
this study aims to analyze the relationship 
between 25-(OH)-D levels and children’s mental-
emotional development at the first 1,000 days of 
life using the ASQ-SE questionnaire.

Methods

A cross-sectional correlative analytical study was 
carried out using secondary data from a previous 
cohort investigation conducted in the Waled 
and Sukabumi regions of West Java, Indonesia 
in 2019. The subjects were healthy 2-year-old 
children, who were previously enrolled in the 
Academic Leadership Grant cohort study “The 
Role of Vitamin D in Efforts to Reduce Maternal 
and Infant Mortality Rates”. Informed consent 
from both children and parents was obtained 
before the study. Ethical approval was obtained 
from the Ethical Committee for Health Research, 
Universitas Padjadjaran, West Java, Indonesia 
with registration 335/UN6/KEP/EC/2018. 
Inclusion criteria are every child in the previous 
cohort study who had complete data, while the 
exclusion criteria are born prematurely, had low 
birth weight, and had comorbidities.

Consecutive sampling was used to select the 
study subjects. The sample size was calculated 
using a 95% confidence interval (CI) and 
80% power test, as well as the significant 

correlation coefficient of the relationship 
between children’s vitamin D levels and 
mental-emotional development status at r = 
-0.36, leading to a minimum size of 59 children.
Vitamin D concentration and ASQ-SE score data 
were obtained from the previous cohort study. 
When the child was 2 years old, 25-(OH)-D 
levels were measured in blood samples, and the 
child’s mental as well as emotional development 
was assessed by doctors, nurses, or midwives 
who had been trained to use the ASQ-SE 
questionnaire. Other variables of children’s 
characteristics including gender, anthropometric 
measurements, nutritional status, and maternal 
variables including age, educational level, and 
occupation were collected. Several laboratory 
examination results were also obtained such as 
serum levels of hemoglobin, iron, zinc, and folic 
acid. Subsequently, the laboratory examination 
was carried out in Biomedical Laboratory 
Medical Faculty, Universitas Padjadjaran.

Vitamin D concentrations were measured 
using the enzyme-linked fluorescent assay 
(ELFA; VIDAS®) method and expressed as ng/
mL. Ages and Stages Questionnaires: Social 
Emotional (ASQ-SE) was used to monitor a 
child’s development in the behavioral areas of 
self-regulation, compliance, communication, 
adaptive behavior, autonomy, affect, and 
interaction with people. This questionnaire has 
been validated in the Indonesian version. Parents 
can answer each question with the choice of 
“Most of the Time” (0 points), “Sometimes” 
(5 points), “Rarely or Never” (10 points), and 
“Checked concern” (5 additional points). The 
maximum number of points that can be earned 
for each item is 15. A child’s nutritional status is 
declared as undernourished when the child was 
found to be wasted (weight-for-height Z-Score 
<-2SD according to the WHO growth curve) or 
stunted (height-for-age Z-Score <-2SD), and 
normal when Z scores of weight-for-height and 
height-for-age were between -2 SD to +2 SD.

Categorical data were presented as numbers 
and percentages, while continuous data were 
shown as mean and standard deviation (SD) 
or median (IQR). To examine the relationship 
between two variables, correlation analysis was 
performed using the Pearson or Rank Spearman 
correlation test. The data distribution of 
hemoglobin and vitamin D concentration, as well 
as mental-emotional scores, were normal, while 
other variables have abnormal. The relationship 
between vitamin D levels and mental-emotional 
development (ASQ-SE) was studied using 
multivariate linear regression analysis, with 
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Results

A total of 141 children were involved in the 
previous cohort study and only 108 had 
complete data. Meanwhile, 16 children were 
excluded, where 8 had a history of low birth 
weight, 4 were born prematurely, and 4 had a 
Hb level of <8 g/dL as shown in Figure. A total 
of 41 (45%) children were boys, 70 children 
(76%) had good nutritional status, while 22 
(24%) had poor nutrition. From the maternal 
characteristics shown in Table 1, 77% had a 
junior high school education or less and 84% did 
not work. Laboratory examination results are 
listed in Table 2.

The correlation analysis revealed that there 
was no statistically significant relationship 
between children’s mental-emotional scores 
and the parameters studied (p>0, 05), including 
maternal age, Hb levels, zinc levels, iron levels, 
folate levels, and vitamin 25-(OH)-D levels 
(Table 3).

Table 4 shows the differences in children’s 
vitamin 2-5(OH)-D levels and mental-emotional 
scores based on various parameters. It was 
discovered that vitamin 25-(OH)-D levels were 
higher in mothers with a higher level of education 
and those who did not work. A statistically 
significant parameter for children’s mental-
emotional development scores is maternal 
education, mothers with at least a senior high 
school education level had children with lower 
emotional development scores, indicating better 
emotional development.

33 had missing or incomplete data

16 were excluded: 8 had a history of low 
birth weight, 4 were born prematurely, 4 

had an HB level of <8 g/dL

141 children involved in the previous cohort 
prematurely, had low birth weight, and had 

comorbidities

92 included in the final analysis were born 
prematurely, had low birth weight and had 

comorbidities

108 had complete data born prematurely, 
had low birth weight, and had comorbidities

Figure Study Flowchart

Table 1 Characteristics of Study Subjects

Characteristics n (%) Median 
(IQR)

Gender
Boys
Girls

41 (45)
51 (55)

Anthropometric 
measure

Body weight (kg)
Body length (cm)
Head circumference 
(cm)

11,0 (8–16)
85,0 (77–92)
46,0 (43–51)

Nutritional status
Normal
Undernutrition

70 (76)
22 (24)

Maternal age (years) 28,0 (18–40)
Maternal education

≤ Junior High School
≥ Senior High School

71 (77)
21 (23)

Maternal occupation
None
Work

77 (84)
15 (16)

confounding variables including parental 
education level and occupation, nutritional 
status, hemoglobin, zinc, folic acid, and iron level. 
The p-value of ≤0.05 was used to determine the 
significance of the test results.
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Multiple linear regression analysis was 
conducted to analyze the factors that were 
multivariable and associated with the children’s 
mental-emotional score at the age of 2 years. 
The variables included have a p-value of <0.25 
based on the results of bivariable analysis, 
namely maternal education, hemoglobin levels, 

and nutritional status. Although not statistically 
significant, vitamin D levels were included. The 
results revealed that the mother’s education 
level was inversely proportional to the child’s 
mental-emotional development score. This 
indicated that the higher the mother’s education 
level, the better the child’s mental-emotional 
development (R2=8.6%) (Table 5).

Discussion

This study provides information about the 
relationship between vitamin D levels and the 
mental-emotional development of children at the 
age of 2 years using the ASQ-SE questionnaire. 
The first 1,000 days of life were chosen because, 
during this period, the growth of brain cells 
and nerve fibers occurs most rapidly, which 
makes it crucial for the emotional and mental 
development of children.1–3 The Indonesian 
version of the ASQ-SE questionnaire used has 
passed the validity and reliability test for children 

Table 3 Correlation Analysis between 
	   Children’s Mental-Emotional 
	   Scores with Various Parameters

Parameters Correlation 
coefficient (r) P value

Maternal age
Hb levels
Zinc levels
Iron levels
Folic acid levels
Vitamin D levels

-0.023
-0.171
0.074
0.007
0.047
0.080

0.826
0.105
0.485
0.947
0.659
0.446

Notes: r=Spearman rank correlation coefficient was 
used, except Hb levels and Vitamin D levels, which were 
tested using the Pearson correlation test due to the 
normal distribution of data

Table 2  Laboratory Examination Results

Variables
Statistical Measure

Mean SD Median IQR
Hb (g/dl)
Zinc
Iron
Folic acid
Vitamin D
Emotional mental score

11.21
3.70
5.61

93.29
20.69
54.67

1.42
2.70
7.78
73.4
9.24

26.04

11.4
2.9

3.00
77.2

20.17
50

8.3–13.7
1.1–16.4

1–47
8.7–489.2 

4.43–49.97
5–120 

Table 4 Comparison of Vitamin D Levels and Mental-Emotional Scores by Various Parameters

Parameters 
Vitamin D levels Mental-emotional Scores

Statistical Measure P Value* Statistical Measure P Value*

Gender:
Boys
Girls

Nutritional status:
Normal
Undernutrition

Maternal education:
≤Junior High School
≥Senior High School

Maternal occupation:
None
Work

22.35 (7.75–49.97)
18.0 (4.43–44.9)

20.2 (7.25–49.97)
18.95 (4.43–44.99)

18.35 (4.43–44.99)
24.6 (7.75–49.97)

20.42(4.43–49.97)
12.53 (7.25–36.47)

0.062

0.840

0.044

0.012

55 (15–105)
50 (5–120)

50 (5–120)
 57.5 (15–110)

55 (15–120)
40 (5–90)

50 (5–120)
50 (15–95)

0.573

0.105
 

0.004

0.564

Notes: data is presented with the median value (IQR); *) Mann-Whitney test
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aged 24 months. The results showed that there 
was no correlation between vitamin D levels 
and children’s mental-emotional development 
scores, with a correlation coefficient of 0.08 and 
a p-value of 0.446.

These results are similar to the study 
conducted on older children, with a mean age of 
9.9 years in the UK by Tolppanen et al.,15 where the 
SDQ (Strengths and Difficulties Questionnaire) 
screening test was used. It was discovered that 
there is no significant relationship between serum 
25-(OH)-D3 and 25-(OH)-D2 concentrations with 
behavioral disorders in children, where the fully 
adjusted odds ratio: OR with 95% confidence 
interval: CI was 0.85 (0.74, 0.98). However, other 
reports showed the statistical significance of 
the association between vitamin D levels and 
children’s mental and emotional development. 
Tofail et al.,12 who involved 265 children aged 6-8 
months in the slum area of Bangladesh, reported 
a significant relationship between vitamin D 
deficiency and child behavior scores assessed 
using the Bailey-III screening test. Higher levels 
of vitamin D in these infants showed a positive 
association with temperament, language, and 
behavior but not with cognitive and motor 
development. Karabel et al.13 carried out an 
investigation involving 138 adolescents with 
depression. The results showed that there was 
a negative correlation between vitamin D levels 
and patients’ depression scores, where children 
with vitamin D deficiency were more likely to 
experience depressive symptoms than those with 
normal levels (r=-0.368, P= 0.03). Husmann et 
al.14 Vitamin D has been hypothesized to play a 
role in brain development and cell differentiation, 
axonal growth, neurotrophic factor stimulation, 
anti-inflammatory effects, and modulating the 
production of brain-derived free radicals.9,10 
Furthermore, Vitamin D receptor (VDR) and 

25-hydroxyvitamin D3 1-alpha-hydroxylase have 
also been found in brain tissue, particularly in the 
hypothalamus and substantia nigra, confirming 
its brain function, including in terms of mental-
emotional regulation.11

The lack of statistical significance in this study 
can be attributed to the absence of data about 
other potential factors in the analysis. Parenting 
patterns are one of the factors that can have 
an impact on mental-emotional development 
but were not investigated. This is because the 
nurturing environment and parenting patterns 
play an important role in shaping a healthy state 
in children.11 According to an investigation by 
Ghozali et al.18 which involved children aged 3–5 
years in Qatar, children raised with authoritative 
parenting patterns had better personal and 
social development than those with permissive 
parenting.Similarly,  Haslam et al. discovered 
that children aged 2–10 years in Australia and 
Indonesia with authoritative parenting had 
better emotional regulation and experienced 
fewer behavioral disturbances compared to 
those with authoritarian parenting.19 Other 
factors that may contribute to a child’s mental-
emotional development include the family’s 
socioeconomic status, the mental health of the 
parents, and the state of family harmony.20–24 
These various factors of the relationship 
between children and their parents/guardians 
as well as a good parenting environment have 
a positive impact on the mental and emotional 
development of children, although genetic 
and environmental risk factors are obtained 
concurrently.20,25 When other external risk factors 
such as poor nutrition are obtained, but the child 
grows up in a family environment that supports 
his mental-emotional development, the risk of 
mental-emotional disorders is reduced.20,26 This 
can be considered as the cause of the inability 

Table 5 Multiple Linear Regression Analysis
Variables B Coeff SE (B) T P Value

Initial model:
   Vitamin 25-(OH)-D levels
   Hb levels
   Nutritional status
   Maternal education
Final model:
   Maternal education
   Constant

0.492
-2.101
-4.304

-17.655

-17.810
75.095

0.290
1.942
6.241
6.460

8.009
-

1.696
  -1.082
-0.690
-2.733

-2.893
-

0.094
0.282
0.492
0.008

0.005

Note:  for the initial model R2 (%)=13.1% (R=0.362); for the final model R2 (%)=8.6% (R=0.293)
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to discover a significant correlation between 
vitamin D levels and children’s mental and 
emotional development scores in this study.

This study also observed other factors 
that might  influence children’s mental and 
emotional development such as nutrient intake 
other than vitamin D, children’s nutritional 
status,  maternal  education,  and  occupation. 
The final model from the multivariate analysis 
showed that only maternal  education level 
had a significant impact on children’s mental 
and emotional development. This is because 
mothers with a higher educational level have a 
better understanding. They also have a better 
perception of the parental roles in their children’s 
education and an understanding of a good 
parenting model. This is in line with the study by 
Fauziyah et al. conducted at 4 Community Health 
Centers, Sidoarjo District, East Java, and involved 
120 preschool children. The results showed that 
mental and emotional development was directly 
affected by the authoritative parenting style 
(b=4.81, 95% CI= 3.05 to 6.56, p=<0.001), and 
the authoritative parenting style was positively 
affected by maternal education level ≥senior high 
school (b=2.14, 95% CI= 0.03 to 4.24, p=0.046). It 
was also discovered that maternal education was 
associated with family income, which indirectly 
affects the children’s mental and emotional 
development.27 

The limitation of this study is the use of 
secondary data, leading to the inability to obtain 
more data on other factors that can also affect the 
children’s mental and emotional development 
in early childhood, such as parenting patterns, 
family socioeconomic conditions, and children’s 
relationships with caregiver or siblings. The 
possibility of different parenting patterns, 
family conditions, and the heterogeneous 
characteristics of the subjects will have an effect 
and limit the generalizability of the results to 
the entire population. Further investigation is 
required to assess the validity, replicability, and 
generalizability of this study. Furthermore, there 
is no cut-off point for vitamin D concentration for 
populations in tropical countries like Indonesia.

In conclusion, this study does not support the 
hypothesis that there is a relationship between 
vitamin D levels and children’s mental and 
emotional development in the first 1,000 days 
of life. This is because the only factor that had 
a significant impact was maternal education. 
Therefore, further study using primary data 
with a larger sample size and more homogenous 
subjects is required. It is also necessary to 
investigate other parameters such as parenting 

models and family harmony, which are important 
factors in children’s mental and emotional 
development.
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