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Abstract Despite ample sunshine, 50-90% Indian children
have Vitamin D deficiency (VDD). This enigma of wide-
spread VDD needs exploration especially among under-fives
as physiological variations in Vitamin D Binding Protein
(VDBP) levels could be potential confounders in the inter-
pretation of total 25-hydroxyvitamin D [25(OH)D]. How-
ever, there is scarce information about relevance of VDBP
levels in under-five age group. We therefore, explored
association of VDBP levels among 1-5 year old children
with VDD. Serum levels of 25(OH)D, VDBP, calcium,
parathyroid hormone (PTH) and alkaline phosphatase were
estimated in 210 apparently healthy children in the age group
of 1-5years. VDD was defined as serum 25(OH)D
levels < 20 ng/ml as per the IOM classification. VDBP
levels were classified as low if levels were < 168 ng/ml as
per the kit. The prevalence of VDD was 79.5% (n = 167) and
VDBP levels were low in 48.6% (n = 102) of children.
25(0OH)D levels correlated positively with VDBP (r = 0.298,
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p = 0.0001). A significant number of children (52.7%) with
VDD had low VDBP (p = 0.015). and despite adequate sun
exposure, 43% of children showed VDD and 56.6% had low
VDPB levels. The low VDBP levels largely explain low
250HD levels without necessarily implying VDD. It may
add a new dimension for better understanding of widespread
VDD among under-five children. It thus, points towards the
need for redefining cut offs and complete evaluation of
vitamin D status among under-fives including VDBP.

Keywords Vitamin D - Vitamin D binding protein -
Vitamin D deficiency - Under-five children

Introduction

Despite ample sunshine, 50-90% Indian children have
Vitamin D deficiency (VDD) [1, 2]. Nearly 90% of Vita-
min D requirement is met through adequate exposure of the
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skin to sunlight by the action of ultraviolet B radiations
(between 10 a.m. to 3 p.m.) and 10% is said to meet
through diet [3]. Various studies have discussed different
aspects of VDD among children. Currently, the plasma
concentration of total 25-hydroxyvitamin D [25(OH)D] is
considered as an indicator of vitamin D status. The
majority (84-90%) of circulating 25(OH)D and
1,25(0OH)2D is tightly bound to Vitamin D binding protein
(VDBP), 10-15% is to albumin and less than 1% of cir-
culating 25(OH)D exists in an unbound form [4].

VDBP is a polymorphic single chain serum glycoprotein
that is primarily produced in the liver. It is encoded by Gc
located on chromosome 4q11-q13 and is primarily respon-
sible for preventing Vitamin D from biodegradation, limiting
its access to target tissues, and reabsorbing Vitamin D in the
kidneys [5]. Internalization of DBP-bound 25(OH)D by the
megalin/cubulin endocytic pathway in the proximal tubule
epithelium allows hydroxylation of 25(OH)D by 1-
hydroxylase to produce 1,25(OH)2D, the active metabolite
of vitamin D for systemic/endocrine functions [6]. It is
thought that other tissues (non-renal) which do not express
megalin depend largely on the diffusion of free 250HD
through the plasma membrane for subsequent conversion to
1,25(0OH)2D for autocrine and paracrine effects.

Although, VDBP is relatively stable in healthy popula-
tion, different physiologic and pathologic conditions such
genetic factors, certain drugs (tenofovir, aspirin), smoking,
hormonal factors, obesity and insulin resistance, end stage
liver disease and nephrotic syndrome can affect VDBP levels
[7, 8]. Therefore, the diseases or conditions that affect the
synthesis of VDBP or albumin may have a significant impact
on the amount of circulating total Vitamin D and may affect
the interpretation of 25(OH)D levels [9, 10].

Physiological variations in VDBP have been reported
most commonly in children. Low VDBP levels are reported
in pediatric critical illness with a strong relationship with
GC haplotype [11]. Apart from this, low VDBP levels are
also observed in toddlers with a genetic variance of GC
T436K SNP affecting circulating levels of the VDBP [12].

However, the biological relevance of the VDBP-bound
vitamin D metabolites versus the VDBP-unbound or “free
fraction” of vitamin D has not yet been established [6].
Determinants of circulatory levels of Vitamin D metabo-
lites have not been evaluated largely among children.
Factors like D binding protein to which majority of
25(OH)D is bound may have some role in Vitamin D
deficiency in children. Also, currently used vitamin D
assays do not distinguish between the three forms of vita-
min D; DBP-bound vitamin D, albumin-bound vitamin D
and free, the biologically active vitamin D.

Hence, the enigma of widespread VDD needs explo-
ration especially among under-fives as physiological vari-
ations in VDBP levels could be potential confounders in
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the interpretation of plasma total 25-hydroxyvitamin D.
However, currently there is scarce information about rel-
evance of VDBP levels in under-five age group.

In the present study, therefore, we explored Vitamin D
binding protein levels among 1-5 year old children and its
association with Vitamin D deficiency.

Materials and Methods
Subjects

Sample size: Considering an anticipated prevalence of 75%
as per our previous findings [13], at 5% level of signifi-
cance and 5% precision the required sample size was 282.
The study protocol was approved by the Institutional Ethics
Committee for Clinical Studies. A list of children in the age
group of 1-5 years has been obtained from the anganwadi
of urban slum, Mumbai. The social staff visited the
household for screening of eligible children and requested
parents to visit the health facility in the community with
their children to participate in the study. Total 282 appar-
ently healthy children in the age group of 1-5 years were
included and those with chronic illness, nutritional defi-
ciencies, skeletal diseases, receiving vitamin D supple-
mentation in the past 6 months were excluded. Informed
written consent was obtained from the parents/guardian.
Information on socio demographic profile, physical activity
profile (sun exposure, time spent outdoor, dietary profile
(24-h recall of their food intake) was collected using
structured questionnaire. Their weight and height was
measured in light clothes. Direct sunlight exposure was
assessed by documenting average duration of exposure
between 10 a.m. and 3 p.m. and percentage of the body
surface area exposed daily using the standard method as
described in textbook of Bailey and Love’s short practice
of surgery [14].

Laboratory Measurements

About 4 ml of venous blood was drawn in the fasting state
from the enrolled children in plain vacutainers. Sera were
separated by centrifugation of blood samples at 2200 rpm
at 4 °C and stored at — 80 °C till assayed. Serum calcium,
phosphorus, alkaline phosphatase and albumin were mea-
sured by a NABL accredited commercial laboratory using
automated blood analyzer (Transia, ERBA, Model Chem-
5, PlusV2, India). Commercially available ELISA based
diagnostics kits were used for measurement total 25-Di-
hydroxy Vitamin D (IDS, USA), Vitamin D Binding Pro-
tein (R & D System, USA), and intact Parathyroid
Hormone (Ray Biotech, USA PTH). The inter-assay and
intra assay coefficient of variation (CV) of these



Ind J Clin Biochem (Apr-June 2021) 36(2):167-174

169

parameters were well within accepted limits (intra-assay
precision: CV 7.5-8%, inter assay precision: CV 9.5-10%).

For all biochemical parameters, the reference ranges
provided by the manufacturers [alkaline phosphatase:
145-320 U/l, calcium: 8.8-10.8 mg/dl, phosphorus:
4.0-7.0 mg/dl, Intact PTH: 14-72 pg/ml] were taken into
consideration. VDBP levels were classified as normal if
they were between 168 and 367 pg/ml and were classified
as low DBP levels if levels were < 168 pg/ml as per the kit.

VDD was defined as serum total 25(OH)D levels < 20
ng/ml as per the IOM(Institute of Medicine) classification
[15]. All children were further classified into the following
4 groups as per 25(OH)D levels: Group I: > 20 ng/ml,
Group II: 15-20 ng/ml, Group III: 10-15 ng/ml and Group
IV: < 10 ng/ml.

Statistical Analysis

Descriptive analysis of variables was presented in terms of
percentage or mean (£ standard deviation). Chi square test
was applied to see the association between explanatory
(age, sex sun exposure) and outcome variables (VDD and
VDBP). Logistic regression analysis was done to find out
the factors associated with VDD. The Pearsons’s correla-
tion was applied to see the relationship between biochem-
ical parameters. The differences in mean level of Vitamin D
binding protein among groups (based on 25(OH)D) was
estimated using ANOVA. p < 0.05 was considered as sig-
nificant. Statistical analysis was carried out using IBM
SPSS statistical software (version 19, IBM Bangalore).

Results
Out of 282 children, complete information was available
for 210 children since 72 parents of children refused blood
collection. Hence results have been interpreted for 210
children.

Background Characteristics

All the children included in the study had uneventful birth
history, normal development and had completed universal

immunization as per age. Their mean age was
36.49 £+ 12.68 months. Of these nearly 61% (n = 128)
children [boys: 54% (n = 70); girls: 46% (n = 58)] were
either going to school or anganwadis (play groups). Mean
BMI of the children was 14.6 (£ 1.8) kg/mz.

The enrolled children were from urban slums with clo-
sely packed overcrowded tenements. In 42.4% (n = 89) of
their houses, sunrays were reaching only up to verandas
between 10 a.m. and 3 p.m. It was observed that 43.8%
(n = 92) children used to play outside houses between 10
a.m. and 3 p.m.

Biochemical Parameters

The mean 25(0OH) D level of these children was
14.58 £ 7.76 ng/ml whereas that of VDBP was
171.01 £ 56.1 ng/ml. The mean levels of PTH, calcium,
phosphorus and alkaline phosphatase were 48.6 £+ 63.9 pg/
ml, 9.2 £ 0.5 mg/dL, 7.7 £ 1.4 mg/dL and
226.8 + 78.7 TU/ respectively. The prevalence of VDD
amongst children was found to be 79.5% (n = 167; 95% CI
73.4-84.7) and prevalence of low VDBP levels was found
to be 48.6% (n = 102; 95% CI: 41.6-55.5%).

The distribution of VDD and low VDBP levels
according to age, sex of children and sun exposure has been
shown in Table 1. There was no significant difference in
VDBP levels between age groups (1-2 years and of
2-5 years) and sex of children. A negative correlation was
observed between the BMI and VDBP levels (r = — 0.46,
p = 0.05), however, it was not statistically significant. The
sun exposure of < 10 min from 10 a.m. to 3 p.m. was
significantly associated with VDD, but it had no relation
with low VDBP levels.

The 25(OH)D levels were significantly and positively
correlated with VDBP. Though, not significant, PTH and
alkaline phosphatase correlated negatively with VDBP and
there was no correlation of VDBP with calcium or
phosphorus.

Upon further assessing the level of VDBP according to
the level of 25(OH)D, it was observed that VDBP levels in
Group I [25(OH)D > 20 ng/ml] differ significantly from
those of Group III [25(OH)D 10-15 ng/ml] and Group
IV[25(OH)D < 10 ng/ml], as depicted in Fig. 1 which

Table 1 The distribution of VDD and low VDBP levels according to age, sex of children and sun exposure

Age group (in months) Sex Sun exposure (in mins)

12-23 24-59 p Boys Girls p <10 10-45 p

(n=42) (n = 168) value (n=114) (n =96) value (n=110) (n = 100) value
VDD (%) (< 20 ng/ml)  78.6 81.0 0.73 77.2 84.4 0.191 86.2 73.7 0.02
Low VDBP 50.0 48.2 0.84 474 50.0 0.70 48.6 49.5 0.9

(%) < 168 pg/ml
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Fig. 2 Percentage of children with low VDBP levels according to
25(0OH) D Levels

shows VDBP levels (mean £ SD) in four groups according
to 25(OH)D level.

Nearly 50.7% children with VDD had low VDBP levels.
Additionally, Group IV [(25(OH)D level < 10 ng/ml], has
60.3% children with low VDBP than their counterparts in
Group I (p = 0.015) (Fig. 2).

Association VDBP Levels with VDD with Respect
to Sun Exposure

Though, VDD was significantly associated with duration of
sun exposure, approximately, 73.4% children had VDD
despite sun exposure of 10-45 min in a day (Table 1).
Hence, the association of low VDBP levels in VDD was
assessed after stratification of duration of sun exposure
(< 10 min and 10-45 min) during 10 a.m. to 3 p.m.
Figure 3 shows percentage distribution of children with
low VDBP with respect to 25(OH) D levels according to
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duration of sun exposure between 10 a.m. and 3 p.m. Part
A of Fig. 3 shows Percentage of children with low and
normal VDBP with respective to 25(OH) D levels with less
than 10 min of sun exposure and Part B of Fig. 3 shows
percentage of children with low and normal VDBP with
respective to 25(OH) D levels having sun exposure
between 10—45 min with a significant difference (p = 0.02)
between 25(OH)D,20 ng/ml and 25(OH)D > 20 ng/ml.

It was observed that in more than half (56.6%) of chil-
dren with VDD [25(OH) D < 20 ng/ml] and sun exposure
of 10-45 min in a day had significantly (p = 0.022) low
VDBP levels than children with no VDD.

Further applying logistic regression, as shown in
Table 2, it was observed that Children who had sun
exposure for less than 10 min were 2.26 times significantly
more likely to have vitamin D deficiency than the children
who had sun exposure more than 10 min. Odd of vitamin D
deficiency was 2.12 times more in children having VDBP
level low than their counterparts.

Discussion

The study assessed VDD in children below 5 years and
evaluated its association with VDBP levels. The prevalence
of VDD (79.5%) amongst children of age group 1-5 years
was high along with low VDBP levels (48.6%).

Nearly 50.7% children with VDD had low VDBP levels.
Among different categories of VDD (< 10, 10-15, 15-20
and > 20), children with 25(OH)D < 10 ng/ml had sig-
nificant percentage of low VDBP levels. The study did not
find gender based differences in VDBP status. There was
no significant difference in VDBP status between younger
children (12-23 months) and comparatively older children
(24-60 months).

There was no significant association of VDBP levels
with Calcium, phosphorus, alkaline phosphatase and PTH.
In contrary to previous studies which have reported its
association with PTH levels, our study did not observe any
association with PTH levels probably because of physio-
logical variation in PTH response among children. No
association of VDBP with BMI was observed. Earlier
studies have had conflicting results on the relationship
between BMI and VDBP. Some studies have shown no
association between VDBP and BMI [16-18] whereas
some have reported a positive correlation between VDBP
concentrations and BMI [19, 20].

Significant prevalence of low VDBP levels among
under-five children highlights the need of re-defining
Vitamin D deficiency among under-five children. Physio-
logical variations in VDBP levels and low levels among
toddlers have been reported in some studies [7, 12]. VDBP
status among young Indian males has also been explored in



Ind J Clin Biochem (Apr-June 2021) 36(2):167-174

171

Part A

Bl p=0.18

Percent

PartB

p=0.02

69.2

B LowDBP
M normal DBP

25(0OH)D
<20ng/ml

25(OH)D
=20ng/ml

Less than 10 mins sun exposure

25(OH)D
<20ng/ml

15(0OH)D
=20ng/ml

Between 10-45 mins sun exposure

Fig. 3 Percentage distribution of children with low VDBP with respect to 25(OH) D levels according to duration of sun exposure between 10

a.m. and 3 p.m.

Table 2 Unadjusted and

adjusted odds ratio of Vitamin Variables

Unadjusted odds ratio (95% CI)

Adjusted odds ratio® (95% CI)

D deficiency with selected

o Sun exposure
background characteristics

< 10 min

> 10 min 1.00
DBP level low

Yes

No 1.00

2.18 (1.09-4.35)

2.03 (1.01-4.08)

2.26 (1.12-4.59)
1.00

2.12 (1.04-4.30)
1.00

#Adjusted for age and gender. Dependent variable: vitamin D deficiency [25(OH)D < 20ng/ml]

past [21]. However, this is the first study to our knowledge
among under-five children in India which has explored
VDBP levels.

The FAO/WHO Expert Consultation has stated that in
most locations in the world around the equator (between
latitudes 42° N and 42° S) the most physiologically rele-
vant and efficient way of acquiring vitamin D is by
1045 min of skin exposure (without sunscreen) of the
arms and face to sun (Ultraviolet spectrum of wavelength
290-310 nm) [3]. Upon assessing Vitamin D status among
children who had 10—45 min of sun exposure between 10
and 3 p.m., it was observed that VDD was unexplained
among 34% of children despite adequate sun-exposure.
However, amongst them, 56.6% had low DBP levels. This

significant prevalence (p = 0.012) of low VDBP levels
among children having VDD despite adequate sun expo-
sure 1045 min points towards the need of exploring
bioavailable Vitamin D levels among under-five age group.

VDBP levels may be low among under-five children due
to physiological variation. Low VDBP levels among under-
five children can certainly affect 25(OH) D levels. Alter-
ations in VDBP levels may be potential confounders in the
interpretation of total 25(OH) D concentrations among
children and therefore estimation of VDBP holds impor-
tant. Children with low VDBP may not show any change in
total 25(OH) D levels after treatment. The decline in PTH
which generally occurs in response to treatment after cor-
rection of VDD may not be observed in such cases as the
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free or unbound form will remain unaltered. Hence this
may further also have treatment implications.

According to the free hormone hypothesis, the unbound
form of 25(OH)D would correlate better with the biological
actions of vitamin D than the bound form [22, 23].
Bioavailable 25(OH)D (the free plus albumin bound por-
tions) has been proposed as a better indicator of vitamin D
activity in some of the studies [3, 23, 24], possibly
explaining discrepancies between findings of vitamin D
effect on health outcomes in studies relying on total
25(OH)D. Several studies have identified a strong rela-
tionship between bioavailable vitamin D and indicators of
vitamin D status such as bone mineral density and
parathyroid hormone [24-26]. The difference in PTH
response in children on basis of elevation in PTH to low
25(0OH)D levels has been reported in some studies in past
[13, 27]. Therefore, A “functional health-based reference
value” which physiologically defines hypovitaminosis D as
the concentration of 25(OH)D at which PTH begins to
increase may be important among children in view of its
physiological variations [1, 13].

Proposed Conceptual Framework
for Understanding VDD Among Under-Five
Children

In view of physiological variation in VDBP levels and the
difference in PTH response in children the cut offs for
paediatric population especially under-fives may differ. We
propose a conceptual framework for understanding VDD
among under-five children as shown in (Fig. 4).

As seen in Fig. 4, Sun exposure and diet are primary
determinants of vitamin D status. Preventive measures can

Fig. 4 Conceptual framework
for understanding VDD among
under-five children

Lower Cut offs
of VDD

Lower 25(0OH)D kevel
for PTH 1t
Non-

Modifiable

Factors

.
-----
o

Ov erestimation
of VDD

Low VDBP |:

be taken to ensure adequate vitamin D status. However,
certain underlying factors like low VDBP and physiologi-
cal variation in PTH elevation, though independent of each
other, are important determinants of vitamin D status
among under-fives. These should be taken into considera-
tion while defining and managing VDD in them.

Currently there are no defined cut offs pertaining to
25(0OH)D levels in Paediatric age group in India to clas-
sify VDD. The findings of the study throw light on
unexplored facet of VDD among under-five children. In
view of variations in DBP levels among children, there is
an urgent need to review the recommended cut offs per-
taining to Paediatric population especially under-fives
[28, 29].

There were some limitations of the study such as the
seasonal variations were not accounted for and free 25(OH)
D by direct method was not measured which would have
helped to compare the calculated and direct levels. Being a
cross sectional study, it was also not possible to study
parameters as response to treatment.

To the best of our knowledge, we believe that, despite
these limitations, this is the first study to report that VDBP
levels influence Vitamin D status in a relatively large
cohort of children and to attempt to address the issue of
25(0OH)D bioavailability in context of VDD.

Conclusion

Conclusively physiological variations in PTH and VDBP
levels in under-five age group may affect Vitamin D status
and needs to be carefully looked into before deciding
treatment strategies.

Vitamin D deficiency
among underfives

Adequate Inadequate Modifiable Factors

Complete Vit D
status ( Free Vit D,

: VDBP,

Treatment
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However, it definitely opens a window of research
towards complete evaluation of vitamin D status among
under-five children and to relook at existing deficiency
status. Being an exploratory study, the findings necessitate
the need of further research to estimate complete 25(OH)D
status including free 25(OH)Dindex, VDBP to understand
whether the free 25(OH)D index as compared to total
25(OH)D levels is a better marker of 25(OH)D tissue
bioavailability.
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