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Abstract
Study design Cross-sectional study.
Objective To determine the prevalence and potential risk factors of vitamin D deficiency and insufficiency among Malaysian
children with spina bifida.
Setting Four Malaysian tertiary hospitals.
Methods Children with spina bifida were assessed for potential demographic, disease severity and lifestyle risk factors for
vitamin D deficiency and insufficiency. Blood for 25-hydroxy vitamin D (25(OH)D) was taken. Vitamin D deficiency was
defined as 25(OH)D levels ≤ 37.5 nmol/L and insufficiency as 37.6–50 nmol/L.
Results Eighty children aged 2–18 years (42 males) participated in the study. Vitamin D levels ranged from 14 to 105 nmol/L
(mean 52.8, SD 19.1). Vitamin D deficiency was identified in 18 (22.5%) and insufficiency in 26 (32.5%) children. Logistic
regression analysis showed that skin exposure to sunlight ≤ 21% body surface area (OR: 6.2, CI 1.7–22.9) and duration of sun
exposure ≤ 35min/day (OR: 4.0, CI 1.2–14.1) were significant risk factors for vitamin D deficiency and insufficiency,
respectively.
Conclusions Over half (55%) of Malaysian children with spina bifida seen in urban tertiary hospitals have vitamin D
insufficiency and deficiency. Lifestyle sun exposure behaviours were risk factors for vitamin D deficiency and insufficiency.

Introduction

Children with spina bifida are at risk for poor bone health,
with a 11–30% frequency of fractures and lower bone
mineral density (BMD) values compared with age- and
gender-matched typically developing children [1]. The risk
factors affecting bone health include non-modifiable
intrinsic factors, such as genetic predisposition, gender
and ethnicity, and modifiable factors, such as BMD,

physical activity, sun exposure and dietary intake of cal-
cium and vitamin D.

Vitamin D is a prohormone that is involved in bone
health, and helps in the regulation of calcium and phos-
phorus metabolism. It plays an essential role in preventing
nutritional rickets and impaired bone mass, particularly
during the childhood period [2]. Failure to achieve an
optimal peak bone mass in adolescence can lead to an
increased risk of osteoporosis and fracture in adulthood [3].
In addition, vitamin D may also play a role in the prevention
of non-skeletal disorders, including cancer, heart disease,
type-2 diabetes and autoimmune diseases [4]. Thus, ensur-
ing optimal vitamin D levels in children with spina bifida is
important as they have additional pre-existing risk factors
for impaired bone health.

Despite Malaysia being a tropical country (latitude 3°
north) in Southeast Asia located at the equator with sun-
shine all year round, there is a high prevalence of vitamin D
deficiency and insufficiency even among the normal healthy
paediatric population with reported prevalence ranging from
33 to 93% [5–8]. The wide variation in prevalence rates
between studies could have been due to the differences in
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the age groups of the study population, geographical loca-
tion (performed in either the urban or rural region) and cut-
off values used to define vitamin D deficiency and insuffi-
ciency. There are no published data of prevalence rates of
vitamin D deficiency and insufficiency among children with
spina bifida in the tropical Asian region. To our knowledge,
there are only four published studies that have evaluated
vitamin D levels in children with spina bifida—two from
America (in Houston latitude 29° north and California
latitude 36° north), one from Rome (latitude 42° north) and
one from Poland (latitude 52° north) [9–12]. These studies
have relatively small sample sizes of between 28 and 49
children, and none of them evaluated thoroughly potential
behavioural lifestyle risk factors. Therefore, the aims of this
study were to assess the prevalence and potential risk fac-
tors of vitamin D deficiency and insufficiency in Malaysian
children with spina bifida.

Methods

Participant recruitment

A cross-sectional study was carried out in four urban
Malaysian tertiary hospitals at University Malaya Medical
Centre Kuala Lumpur, Hospital Tuanku Ja’afar Seremban,
Hospital Melaka and Women & Children’s Hospital
Kuala Lumpur, respectively. All children with spina bifida
between the ages of 2 and 18 years old seen in these
hospitals over a 2-year period from September 2016 to
September 2018 were recruited.

Exclusion criteria were children with spina bifida with
any of the following: (1) co-existing disorders that can
impact vitamin D levels, including chronic hepatic, chronic
kidney disease, endocrine or gastrointestinal malabsorption
disorders; (2) on long-term steroid therapy, vitamin D or
calcium supplements. Parents or caregivers of all eligible
subjects were provided with a patient information sheet, and
written consent was obtained prior to their enrolment.

Data collection

Clinical data of participants were obtained by using
standard proforma questionnaires together with a review of
medical notes, which included

(1) Demographic data: age, gender, ethnicity, skin
pigmentation and pubertal status. Skin pigmentation
was assessed based on the skin tone by American
Academy of Dermatology criteria, which was cate-
gorized into six types of skin pigmentation, ranged
from lightest (Type 1) to darkest (Type 6) [13].
Pubertal assessments were based on Tanner staging

with the pubertal onset of boys defined as a testicular
volume more than 4 ml, and Tanner breast stage more
than 2 for girls.

(2) Anthropometric measurements: weight, height and
body mass index (BMI). Height was calculated using
crown-to-heel measurements for ambulators and arm
span measurements for non-ambulators. Arm span
measurements were multiplied by 0.90 for those with
thoracic functional motor level and by 0.95 for those
with mid-lumbar functional motor level [14]. BMI
was categorized according to the World Health
Organisation BMI-for-age indicators (underweight
for BMI-for-age Z score was <−2.0, normal for Z
score was between −2.0 and +1.0 and overweight or
obese for Z score was >+1.0) [15].

(3) Spina bifida details: the level of spinal defect
(cervical, thoracic, lumbar and sacral), motor level
(thoracic, high lumbar (L1–L2), mid–low lumbar
(L3–L5) and sacral), ambulatory status and presence
of other comorbidities, such as past history of
fractures, hydrocephalus, epilepsy and bladder or
bowel incontinence. Individuals who walked inde-
pendently in all settings or for short distances were
considered ambulant, while those who were full-time
wheelchair users or walked with aids in therapeutic
settings were considered non-ambulant.

Parents or caregivers were also interviewed using vali-
dated questionnaires in assessing possible lifestyle risk
factors of low vitamin D level. The questionnaires used
were

(1) Physical activity was assessed using the Children
Physical Activity Questionnaire [16], which has
been validated for Malaysian children [17]. Parents
reported on the frequency and duration of their
childrens’ physical and sedentary activities across
school, organized activity and leisure time over the
past 7 days. The responses were scored to yield a
measure of metabolic intensity of physical activities,
the metabolic physical activity weekly score [16].

(2) Sun exposure practices were evaluated using a
questionnaire adapted from Barger-Lux and Heaney
[18]. Questions were asked about the duration of daily
sun exposure during weekdays and weekends, and the
usual attire worn outdoors to estimate the amount of
skin exposure to sunlight (calculated as % body
surface area).

(3) Dietary intake was assessed using a detailed 7-day
dietary recall [19]. Values for daily intake of vitamin
D (μg/day) and calcium (mg/day) were calculated
using Nutritionist ProTM Software (Axxya System,
First Databank, Inc., San Bruno, CA, USA) based on
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“Nutrient Composition of Malaysian Foods” [20].
Inadequate dietary intake of vitamin D and calcium
was based on the values of the Recommended
Nutrient Intakes (RNI) for Malaysia [21].

Blood sampling and biochemical analyses

Venous blood samples were taken to determine serum cal-
cium, phosphate, albumin, alkaline phosphatase, alanine
transaminase, parathyroid hormone (PTH) and serum
25-hydroxy vitamin D (25(OH)D) levels after the interview.
All serum 25(OH)D and PTH levels were measured
using electrochemiluminescence immunoassay autoanalyzer
Cobas e411 (Roche, Basel, Switzerland) in a quality-
controlled accredited laboratory. The interassay coefficient
of variance (CV) of 25(OH)D was 3.0% at 170.5 nmol/L
(68.2 ng/ml) and 3.6% at 57 nmol/L (22.8 ng/ml). The
interassay CV of PTH was 6.2% at 20.2 ng/ml and 4.1% at
58 ng/ml.

25(OH)D concentrations werex classified based on the
recommended cut-off points [22], which had been used in
other Malaysian studies [5–7]: vitamin D insufficiency was
defined as 25(OH)D levels of 37.6–50 nmol/L, and vitamin D
deficiency was defined as 25(OH)D level of ≤37.5 nmol/L.
Reference values for PTH in our laboratory were between 1.0
and 7.0 pmol/L.

Statistical analysis

The sample size calculation for this study was based on a
normal Malaysian children prevalence of 20% for vitamin D
deficiency [9] and a conservative predicted spina bifida
population prevalence of 38% for vitamin D deficiency
[10]. The sample size (alpha 5%, beta 20%) required to
obtain the predicted spina bifida prevalence of 38% for
vitamin D deficiency was 70 subjects with a predicted 20%
dropout.

Statistical analysis was performed using IBM® SPSS®

Statistics Version 22.0.0.0 for Mac (SPSS Inc., Chicago, IL,
USA). Vitamin D levels were categorized as normal (>50
nmol/L), insufficient (37.6–50 nmol/L) and deficient (≤37.5
nmol/L). The results are presented as mean with standard
deviation (SD) for normally distributed data, and median
with interquartile range (IQR) for non-normally distributed
data. Bivariate analysis of the potential risk factors against
patients with vitamin D insufficiency (comparing with
patients who were vitamin D sufficient) and vitamin D
deficiency (comparing with patients who were vitamin D
non-deficient) was performed using Pearson chi-square test
to identify candidate risk factors (Table 1) for the multi-
variate analysis. Multiple logistic regression analyses were
then separately performed on the risk factors that showed a

statistically significant association with 25(OH)D deficiency
and insufficiency to further identify which of these factors
independently were associated with low vitamin D status.
Odds ratio (OR) with 95% confidence interval (CI) was
calculated, and a p value < 0.05 was considered as statisti-
cally significant.

Results

Participant characteristics

A total of 81 children with spina bifida were recruited; one
patient was excluded due to incomplete blood investiga-
tions, leaving 80 children (42 males and 38 females) with
complete data for analysis. The children consisted of 41
Malay, 23 Chinese and 16 Indian. The age of the study
population ranged from 2 to 18 years (median 7.5 years,
IQR 5–10). Weight ranged from 7.9 to 57 kg (median
21.3 kg, IQR 14.4–31.7), and 62 children (77.5%) were
pre-pubertal. The median BMI was 15.8 kg/m2 (IQR
14.2–19.0). Fifty-two children (65%) of the cohort had a
normal BMI and 11 children had a BMI in the overweight
or obese category (13.8%). Results of the participants’
demographic, anthropometry, spina bifida disease and
lifestyle behaviour are presented in Table 1.

The vitamin D levels in our study population range from
14 to 105 nmol/L with a mean value of 52.8 nmol/L (SD
19.1). Vitamin D insufficiency was found in 26 children
(32.5%), while 18 (22.5%) had vitamin D deficiency.
Elevated PTH levels (range 7.1–12.6 pmol/L) were reported
in five patients, of which one patient had vitamin D insuf-
ficiency and two patients had vitamin D deficiency. The rest
of the blood biochemical markers were not associated with
vitamin D insufficiency or deficiency. None of our patients
were on vitamin D supplementation.

Factors predicting vitamin D status

In the bivariate analysis as shown in Table 1, duration of
sun exposure ≤ 35 min/day and degree of skin exposure to
sunlight ≤ 21% of body surface area were significant risk
factors for vitamin D insufficiency (p < 0.05). Age ≥ 8 years
old, pubertal status and degree of skin exposure to sun-
light ≤ 21% of body surface area were significant risk fac-
tors for vitamin D deficiency (p < 0.05).

All these factors (pubertal status, age > 8 years group,
duration of sun exposure ≤ 35 min/day and degree of skin
exposure to sunlight ≤ 21% of body surface area) were then
entered into a multiple logistic regression model to deter-
mine independent risk factors associated with vitamin D
insufficiency (Table 2) and deficiency (Table 3). A shorter
duration of sun exposure (≤35 min/day) (OR: 4.0, CI
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Table 1 Participants' demographics, disease and lifestyle characteristics associated with vitamin D insufficiency and deficiency.

Risk factors Participant,
n= 80 (%)

Vitamin D level P value Vitamin D level P value

Sufficient >50 nmol/L,
n= 36 (%)

Insufficient 37.6–50 nmol/
L, n= 26 (%)

Non-deficient >37.5 nmol/
L, n= 62 (%)

Deficient ≤37.5 nmol/L,
n= 18 (%)

Gender

Male 42 (52.5) 22 (64.7) 12 (35.3) 0.243 34 (81.0) 8 (19.0) 0.437

Female 38 (47.5) 14 (50.0) 14 (50.0) 28 (73.7) 10 (26.3)

Age

<8 years old 40 (50.0) 24 (64.9) 13 (35.1) 0.187 37 (92.5) 3 (7.5) *0.001

≥8 years old 40 (50.0) 12 (48.0) 13 (52.0) 25 (62.5) 15 (37.5)

Ethnicity

Malay 41 (51.2) 17 (58.6) 12 (41.4) 0.308 29 (70.7) 12 (29.3) 0.161

Chinese 23 (28.7) 10 (47.6) 11 (52.4) 21 (91.3) 2 (8.7)

Indian 16 (20.0) 9 (75.0) 3 (25.0) 12 (75.0) 4 (25.0)

Body mass index

Underweight 17 (21.3) 9 (75.0) 3 (25.0) 0.414 12 (70.6) 5 (29.4) 0.727

Normal 52 (65.0) 22 (53.7) 19 (46.3) 41 (78.8) 11 (21.2)

Overweight/obese 11 (13.8) 5 (55.6) 4 (44.4) 9 (81.8) 2 (18.2)

Pubertal status

Pre-pubertal 62 (77.5) 31 (59.6) 21 (40.4) 0.573 52 (83.9) 10 (16.1) *0.011

Pubertal 18 (22.5) 5 (50.0) 5 (50.0) 10 (55.6) 8 (44.4)

Skin pigmentation

Types 1–3 32 (40.0) 15 (55.6) 12 (44.4) 0.725 27 (84.4) 5 (15.6) 0.229

Types 4–6 48 (60.0) 21 (60.0) 14 (40.0) 35 (72.9) 13 (27.1)

METPA weekly score (MET-min/week)

Tertile 1 (≤860) 26 (32.5) 10 (52.6) 9 (47.4) 0.488 19 (73.1) 7 (26.9) 0.764

Tertile 2 (861–1800) 27 (33.8) 15 (68.2) 7 (31.8) 22 (81.5) 5 (18.5)

Tertile 3 (≥1801–4130) 27 (33.8) 11 (52.4) 10 (47.6) 21 (77.8) 6 (22.2)

Daily sun exposure

≤35 min/day 22 (27.5) 5 (31.3) 11 (68.8) *0.012 16 (72.7) 6 (27.3) 0.529

>35 min/day 58 (72.5) 31 (67.4) 15 (32.6) 46 (79.3) 12 (20.7)

Daily skin exposure to sunlight (% body surface area)

Hands up to short sleeve and
face (≤21%)

32 (40.0) 7 (38.9) 11 (61.1) *0.050 18 (56.3) 14 (43.8) *0.000

More than short sleeves and
face (>21%)

48 (60.0) 29 (65.9) 15 (34.1) 44 (91.7) 4 (8.3)

Motor level

Thoracic, high lumbar 27 (33.8) 13 (59.1) 9 (40.9) 0.724 22 (81.5) 5 (18.5) 0.802

Low lumbar 31 (38.8) 12 (52.2) 11 (47.8) 23 (74.2) 8 (25.8)

Sacral 22 (27.5) 11 (64.7) 6 (35.3) 17 (77.3) 5 (22.7)

Spina bifida lesion required operation

No 12 (15.0) 8 (80.0) 2 (20.0) 0.125 10 (83.3) 2 (16.7) 0.600

Yes 68 (85.0) 28 (53.8) 24 (46.2) 52 (76.5) 16 (23.5)

Ambulatory status

Ambulant 44 (55.0) 18 (54.5) 15 (45.5) 0.549 33 (75.0) 11 (25.0) 0.554

Non-ambulant 36 (36.0) 18 (62.1) 11 (37.9) 29 (80.6) 7 (19.4)

History of bone fracture

Yes 3 (3.8) 0 (0.0) 1 (100.0) 0.236 1 (33.3) 2 (66.7) 0.062

No 77 (96.3) 36 (59.0) 25 (41.0) 61 (79.2) 16 (20.8)

Total daily vitamin D intake

Does not meet RNI
(<15 μg/day)

76 (95.0) 33 (56.9) 25 (43.1) 0.478 58 (76.3) 18 (23.7) 0.269

Meets RNI 4 (5.0) 3 (75.0) 1 (25.0) 4 (100.0) 0 (0.0)

Total daily calcium food intake

Does not meet RNI 35 (43.8) 15 (57.7) 11 (42.3) 0.960 26 (74.3) 9 (25.7) 0.544

Meets RNI 45 (56.3) 21 (58.3) 15 (41.7) 36 (80.0) 9 (20.0)

METPA metabolic component of physical activity, MET metabolic equivalent, RNI recommended nutrient intake.

*p value significant at <0.05.
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1.2–14.1) was significantly associated with vitamin D
insufficiency. For vitamin D deficiency, less skin exposure
to sunlight ≤ 21% body surface area (OR: 6.2, CI 1.7–22.9)
was the only statistically significant risk factor.

Discussion

Our study shows that children with spina bifida seen in
urban Malaysian tertiary hospitals, despite living in a tro-
pical country, have a high prevalence of low vitamin D
levels with 26 (32.5%) having vitamin D insufficiency and
18 (22.5%) vitamin D deficiency. Children with spina bifida
who had a shorter duration of daily sun exposure and less
skin exposure to sunlight were at a greater risk of sub-
optimal vitamin D status. Our study showed a prevalence of
55% vitamin D insufficiency and deficiency (<50 nmol/L),
which was higher than the prevalence of 38–43% reported

in the studies from America [10, 11], and much lower than
97% reported in the study from Poland [12]. It is probable
that the different geographical location between tropical
Malaysia with Poland, which is a central European country
with a continental climate, would have accounted for the
higher prevalence of low vitamin D levels in Poland [12].

Our study is the first from a tropical country and the
largest to date to evaluate the vitamin D status among
children with spina bifida. The other strength of our study is
that we comprehensively evaluated potential lifestyle risk
factors, such as physical activity, sun exposure and dietary
intake, which may affect vitamin D status. Half of our
Malaysian children with spina bifida have suboptimal
vitamin D levels during the important bone accrual child-
hood period, emphasizing the need for clinicians to be
vigilant in monitoring vitamin D levels in this population.
Our results can be applicable to other South Asian tropical
countries with a similar multi-ethnic population. Our find-
ings also support other studies that have shown low vitamin
D levels among other children with neurodisability includ-
ing spinal cord injury and cerebral palsy [23, 24].

Comparison with other published Malaysian vitamin D
studies of healthy children yielded mixed results. The pre-
valence of suboptimal vitamin D status of <50 nmol/L was
lower in a study of 869 children 2–12 years old from all
over Malaysia (43.7%) [5] and among 1061 secondary
school students in the northern and central regions (33%)
[8]. This is in keeping with other studies that have reported
that children with spina bifida have lower vitamin D levels
than the control comparison group [9, 11]. In contrast, there
were two local studies of healthy children showing a higher
prevalence of vitamin D insufficiency and deficiency; a
study of 1361 healthy adolescents age 13 years old from the
central and northern regions reported a prevalence of 92.6%
[6] and the other of 402 primary school children in urban
Kuala Lumpur reported a prevalence of 72.4% [7]. The
discrepant results may be due to the varying age ranges,
geographical coverage (with the resultant alteration of eth-
nic and rural composition) and prevalence of obesity, which
are potentially important determinants of vitamin D level.

This study showed that sun exposure lifestyle beha-
viours, in particular duration of sun exposure (≤35 min
daily) and proportion of skin exposure (≤21% body surface
area exposed to sunlight, equivalent to the face and hands
up to short sleeves), were important risk factors for low
vitamin D levels among Malaysian children with spina
bifida. Local studies on healthy school children [8] and
children with epilepsy [25] have found similar associations.
Vitamin D is primarily synthesized from skin exposure to
sunlight and adopting healthy sun exposure practices is easy
to implement as Malaysia has sunshine all year round.
Furthermore, there are additional benefits in spending time
outdoors for patients with spina bifida, as they are more

Table 2 Results of multiple logistic regression models of risk factors
for children with vitamin D insufficiency (n= 26) compared with
vitamin D sufficiency (n= 36).

Adjusted odds
ratio (95% CI)

Standard error P value

Daily sun exposure (min/day)

≤35 min/day 4.0 (1.2–14.1) 0.639 *0.029

>35 min/day

Daily skin exposure to sunlight (% body surface area)

Hands up to short
sleeve and face (≤21%)

2.6 (0.8–8.5) 0.607 0.118

More than short sleeves
and face (>21%)

*p value significant at <0.05.

Table 3 Results of multiple logistic regression models of risk factors
for children with vitamin D deficiency (n= 18) compared with vitamin
D non-deficiency (n= 62).

Adjusted odds
ratio (95% CI)

Standard error P value

Age

<8 years old 3.4 (0.7–16.2) 0.804 0.132

≥8 years old

Daily skin exposure to sunlight (% body surface area)

Hands up to short
sleeve and face (≤21%)

6.2 (1.7–22.9) 0.670 *0.007

More than short sleeves
and face (>21%)

Pubertal status

Pre-pubertal 0.5 (0.1–2.0) 0.721 0.331

Pubertal

*p value significant at <0.05.
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likely to be physically active and walking, which is bene-
ficial for building bone mass and reducing the risk of obe-
sity. Holick et al. recommended that sunshine exposure of
arms and legs (equivalent to 20–25% of body surface area)
at 5–15 min three times a week was required for a Cauca-
sian adult, and a duration of three to five times longer was
required for adults with darker skin pigmentation [26]. As
60% of our study population had skin types 4–6 indicates
that there is a need for longer sun exposure compared with
fair-skinned individuals. Our study findings are similar to
another study in India which estimated that a daily sun
exposure of 30–35 min would be sufficient for acquiring
optimal vitamin D, considering the common skin type (Skin
Type 5) and culturally appropriate exposure of body surface
area of 10% [27].

A significant proportion of our study population did not
meet the recommended requirement of dietary calcium
and vitamin D intake. Almost half of the subjects (43.8%)
had an insufficient dietary calcium intake, while almost all
(95%) had vitamin D intake below the Malaysian RNI for
gender and age. We did not find a significant association
between low dietary intake of calcium or vitamin D
and vitamin D status. This is likely due to the small
number of subjects with adequate dietary intake of vita-
min D (n= 5) which precluded meaningful analysis.
As calcium and vitamin D play an important role in bone
health, physicians need to provide advice about com-
monly consumed staple foods that are rich in calcium and
vitamin D. However, consumption of vitamin D-rich
foods is dictated by local dietary practices, and many local
Malaysian foods (with the exception of pasteurized milk)
are not fortified with vitamin D. Additional vitamin
D supplementation, as recommended by the American
Academy of Paediatrics may be a more pragmatic measure
[3, 28].

We recognize that there are limitations to our study.
Vitamin D level was only assessed at a single point in time
in our study, whereas in reality it is the long-term exposure
of low vitamin D levels that is important for children; future
studies should consider doing serial vitamin D levels.
Unlike other studies, we did not find an association between
suboptimal vitamin D levels and ethnicity [6, 8, 10] or
obesity [6–8, 11, 12]. The number of children categorized
as obese and into specific ethnic groups in this study may
have been insufficient to demonstrate such an association.
Type I or II errors during statistical hypothesis testing due to
the relatively small numbers of children who had sub-
optimal vitamin D levels could also be a reason why the
duration of sun exposure was a risk factor for vitamin D
insufficiency but not vitamin D deficiency in this study.
BMD measurements, another indicator of bone fragility,
were not performed on our patients. Some of the lifestyle
factors, such as sun exposure and physical activities, were

acquired through questionnaires that may be subjected to
recall biases. Parents or caregivers might also not be fully
aware of their children activities or diet and this could cause
an inaccurate data being collected. Ideally, studies assessing
these lifestyle factors can be performed by using a more
objective measurement for these risk factors, such as ped-
ometer for physical activity and “minimal erythemal doses”
or “standard erythema doses” from the national meteor-
ological agencies to quantify sun exposure. We have tried to
ensure that our patients are representative of the Malaysian
spina bifida population by recruiting consecutively over a 2-
year period of patients seen from the four main tertiary
centres that provide multidisciplinary spina bifida services
in West (Peninsular) Malaysia; however, we acknowledge
that it is possible that our study group may not be repre-
sentative of the entire Malaysian spina bifida population as
there may be a bias towards the more severe spectrum of the
disorder in urban tertiary hospitals. Future causal studies
using causal directed acyclic graphs or confirmatory
research testing a priori hypotheses should be done to
evaluate the relationship between children with spina bifida
and low vitamin D levels.

Conclusion

Our study shows that 55% of Malaysian children with spina
bifida seen in urban tertiary hospitals have vitamin D
insufficiency and deficiency despite living in a tropical
country. We identified important risk factors of sun expo-
sure ≤ 35 min daily and skin exposure to sunlight ≤ 21%
body surface area for low vitamin D levels. We recommend
vitamin D supplementation and subsequent monitoring of
vitamin D levels in children with these additional risk fac-
tors. Clinicians need to advocate healthy sunlight exposure
lifestyle behaviour to children with spina bifida.

Data availability

The datasets generated and analyzed during this study are
available from the corresponding author on reasonable
request.
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