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Abstract

Chromosome 22q11.2 deletion syndrome (22q11.2DS) is a complex developmental disorder with
serious medical, cognitive and emotional symptoms across the lifespan. This genetic deletion also
imparts a lifetime risk for developing schizophrenia that is 25-30 times that of the general
population. The origin of this risk is multifactorial and may include dysregulation of the stress
response and immunological systems in relation to brain development. Vitamin D is involved in
brain development and neuroprotection, gene transcription, immunological regulation and
influences neuronal signal transduction. Low levels of vitamin D are associated with
schizophrenia, depression and anxiety in the general population. Yet, little is known about how
vitamin D levels in children with 22q11.2DS could mediate risk of psychosis in adulthood. Blood
plasma levels of vitamin D were measured in children aged 7-16 years with (7= 11) and without
(n=16) 22911.2DS in relation to parent reports of children’s anxiety and atypicality. Anxiety and
atypicality in childhood are risk indicators for the development of schizophrenia in those with
22011.2DS and the general population. Children with 22911.2DS had lower vitamin D levels, as
well as elevated anxiety and atypicality compared with typical peers. Higher levels of anxiety,
depression and internalizing problems but not atypicality were associated with lower levels of
vitamin D. Vitamin D insufficiency may relate to higher levels of anxiety and depression, in turn
contributing to the elevated risk of psychosis in this population. Further study is required to
determine casual linkages between anxiety, stress, mood and vitamin D in children with
22911.2DS.
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Chromosome 22g11.2 deletion syndrome (22q11.2DS)

22011.2DS gives rise to a complex syndrome (formerly known as DiGeorge or
velocardiofacial syndrome), with a prevalence of ~1:4000 live births and is characterized by
serious medical, cognitive and socioemotional difficulties starting in infancy and extending
into adulthood. Strikingly, 25-30% of these children will go on to develop a schizophrenia
spectrum disorder in adulthood.2=3 The origin of this risk is not yet known but likely arises
from a combination of genetic diathesis and environmental factors. Stress resulting in
chronically elevated glucocorticoids (GC) and decreases in immunocompetence of a
vulnerable immune system have been posited as important factors.#

Although the resulting phenotype of the deletion often varies, the majority of microdeletions
in 22g11.2DS are either 3 megabases (Mb) in size or 1.5 Mb.1 Cognitive deficits are often
reported in individuals with the deletion such as attention deficit/hyperactivity disorder®
lowered pre-pulse inhibition,® and intellectual impairment.”-8 Elevated anxiety is one of the
most commonly reported psychological symptoms®-12 occurring throughout the lifespan of
individuals with the deletion, and is especially prevalent in children and adolescents along
with mood disorders.13 Anxiety at time one is also associated with greater risk of psychosis
at time two in adolescents with 22q11.2DS.14.15

Vitamin D

Vitamin D is a steroid hormone primarily recognized for its role in developing and
maintaining bone health via regulation of calcium and phosphorus absorption and
homeostasis. Pronounced vitamin D deficiency occurs when vitamin D levels are below 20
ng/ml; whereas individuals with levels between 21 and 29 ng/ml considered insufficientl6
and levels between 30 and 32 ng/ml considered borderline insufficient.1” Concentrations of
the vitamin D receptor (VDR) are significantly higher in skeletal muscle of individuals with
sufficient vitamin D levels compared with those with insufficient levels.18.19 Insufficient
vitamin D may be involved with the pathogenesis of several extraskeletal disorders including
endocrine,20 autoimmune?1:22 and several psychological disorders in the general population.
Decreased vitamin D levels have been associated with anxiety, depression and
schizophrenia,23-27 with low levels of vitamin D in neonates associated with a two-fold
increased risk of developing schizophrenia later in life.28

Vitamin D can be obtained as vitamin D3 through UV light irradiation of a skin precursor, 7-
dehydrocholesterol, or can be ingested from the diet as vitamin D3. Vitamin D is then
processed in the liver, and binds to the vitamin D binding protein (DBP). Hydroxylation at
this step produces the most common circulating form of vitamin D, 25(OH)D before finally
being converted to the active hormonal form 1,25(0OH)2D. The conversion of vitamin D to
an active form occurs mainly in the kidneys via 1a-hydroxylation reaction catalyzed by the
mitochondrial enzyme 1(OH)ase, or cytochrome P450 27B1 (CYP27B1),2° while the
cytochrome P450 enzyme 24-hydroxylase (CYP24A1) inactivates vitamin D.30 These
enzymes were originally believed to only be involved in the renal conversion of vitamin D to
an active form. However, CYP27B1 and CYP24A1 along with the VDR have also been
identified in several areas including the brain,3132 indicating local synthesis in these regions
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rather than reliance on renal production of active vitamin D. In particular, the hypothalamus,
substantia nigra and cornu ammonis (CA) 1-region and CA2 pyramidal cells in the
hippocampus express high levels of the VDR.3! Local synthesis of vitamin D depends on the
efficiency of CYP27B1 and availability of 25(OH)D for activation,33 while sufficient levels
of 1,25(0OH)2D and expression of VDR are necessary for vitamin D to have a biological
effect.34

The VDR is similar to receptors in the nuclear steroid receptor family,3> with expression
patterns also similar to estrogen, GC and androgen receptors.31:36 The receptor complex
which forms following ligand binding to the VDR initiates transcription of several genes by
binding to vitamin D response elements in the promoter region.3 In addition to the genomic
pathway, vitamin D can also influence signal transduction through activation of cellular
signaling pathways including the phosphatidylinositol-3 kinase and mitogen-activated
protein kinase (MAPK).38

Vitamin D appears to play a neuroprotective role in the brain by regulating neurotrophic
signaling crucial for neuronal development and health,3® modulating inflammation by
inhibiting proinflammatory cytokines#? and regulating proteins that decrease reactive
oxygen species.*! Vitamin D increases synthesis of both brain-derived neurotrophic factor,
which has been implicated in the pathogenesis of schizophrenia,? and glialderived
neurotrophic factor,3 which is particularly important for dopaminergic survival and
function. Vitamin D modulates inflammation by decreasing proinflammatory cytokines such
as interleukin 6 (/L-6) via upregulation of the MAPK pathway.** /-6 has been reported as
elevated4>46 and associated with lower hippocampal volume#” in schizophrenia patients.

Vitamin D and metabolism in 229q11.2DS

22011.2DS affects structural and functional development of numerous organs. Calcification
of renal*® and brain tissue*® has been reported, as well as growth retardation and hearing
loss®0 and abnormalities of the thymus and parathyroid glands.>! Abnormal development of
the pharyngeal arches may result in hypoplastic parathyroid glands and thymus®! and
consequent hypoparathyroidism.>2 Similar to patients with schizophrenia,3 thymic
abnormalities in children with 22q11.2DS can include reduced T-cell populations and
immunodeficiency associated with an increased risk of infection during childhood.>*

Hypoparathyroidism is associated with hypocalcemia-induced seizures in infants with
22011.2DS,%5 and was originally believed to be a transient symptom occurring during the
prenatal period. However, more recent studies have suggested that hypoparathyroidism and
hypocalcemia in 22q11.2DS2DS can continue into adulthood.>%:56 Inadequate levels of
parathyroid hormone secretion contribute to hypocalcemia in several ways including
inadequate stimulation of renal 1a-hydroxylase activity, an enzyme necessary for vitamin D
activation. As a result, insufficient 1,25-dihydroxy vitamin D (1,25(0OH),D), the active
metabolite of vitamin D, is generated for intestinal absorption of calcium.>” In addition to
hypocalcemia, low vitamin D concentrations have also been reported in adults with
22011.2DS.58 Vitamin D supplementation is recommended for all patients with 22q11.2DS
to correct hypocalcemia, while some cases may require treatment with calcitriol. 5659
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Although vitamin D is recommended for adult and pediatric patients with 22q11.2DS as a
treatment or prophylaxis against hypocalcemia,®> little is known about the role vitamin D
plays in the etiopathology of mental illness including anxiety, depression and schizophrenia
in people with 22g11.2DS. More specifically for neonates and children with 22q11.2DS,
vitamin D levels may have differential effects on brain maturation associated with critical
windows of developmental timing.60 In addition, animal models of vitamin D deficiency
such as the VDR null mouse model display several phenotypes that are also associated with
22011.2DS including increased anxiety and impaired pre-pulse inhibition:! hearing loss;52
growth retardation and hypocalcemia;81:63 and brain calcification.54

The Behavior Assessment Scale for Children, 2nd Edition (BASC-2) — Parent Report
subscales that measure parental impressions of their children’s anxiety and atypicality are
valid predictors of prodromal psychotic symptoms in adolescence, suggesting children
exhibiting both of these behaviors may be at the greatest risk of developing schizophrenia in
children with 22q11.2DS.” The atypicality subscale of the BASC-2 appears to be a valid
measure of prodromal symptoms and are consistent with the development of schizophrenia
in the adolescents without a known genetic deletion.5® Given the association between
atypicality, anxiety and the development of psychosis, these findings demonstrate the need
to identify additional biological mechanisms that may influence this relationship in
individuals with 22q11.2DS as well as in the general population.

To date, little is known about what role vitamin D levels in children with 22g11.2DS could
mediate risk of psychosis in adulthood despite evidence that vitamin D plays an important
role in the development of disorders such as schizophrenia, depression and anxiety in the
general population. Thus, the aim of this study was to determine if vitamin D availability
related to behavioral markers of risk for developing psychosis in children with 22q11.2DS.
We hypothesized that lower levels of plasma 25(OH)D (i.e. total 25(OH)D3 and 25(0OH)Dy;
hereafter, ‘vitamin D’) in children with 22q11.2DS would be related to higher levels of
anxiety and atypical behavior as reported by their parents.

All methods were approved by the University of New Orleans (UNO) Institutional Review
Board.

As part of a larger ongoing study and based on the availability of a blood sample,
participants were 11 (seven boys and four girls; mean age: 12 years and 7 months, range =
9-16, S.D. = 2.06) with a diagnosis of 22q11.2DS confirmed via florescence in situ
hybridization and 16 (10 boys and six girls; mean age: 11 years and 3 months, range = 7-16,
S.D. = 2.30) typically developing (TD) and a parent/guardian of each child.

Psychological measures

Parents completed the BASC-2,%6 which is a standardized and highly comprehensive metric
of children’s behavior and emotions. Children’s intelligence was measured using the
Weschler Intelligence Scale for Children, 4th Edition.5”
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Blood collection, storage and vitamin D assay

Blood was collected in sodium citrate-coated tubes by a trained phlebotomist at the Touro
Hospital Imaging Center in New Orleans with extensive pediatric experience. Samples were
then transported to UNO for processing, storage and subsequent analysis. Within 1 h of
collection, blood samples were centrifuged at room temperature for 10 min at 3000 rpm and
the resulting plasma supernatant was aliquoted into multiple 2 ml cryotubes and stored at
—80°C until analysis.

Vitamin D assay procedures

Results

225-0OH vitamin D was measured in plasma samples using a Vitamin D EIA kit (Cayman
Chemical, Ann Arbor, MI, USA). Plasma samples were purified by stripping vitamin D from
the DBP according to the kit protocol to prevent binding protein interference. Two volumes
of acetone were added to sample aliquots in 2 ml cryotubes before the samples were
vortexed and centrifuged at 10 000 g for 10 min. The supernatant was then removed and
placed into a fresh 2 ml cryotubes before being evaporated in an Eppendorf Vacufuge
Concentrator (Hamburg, Germany) and reconstituted with the provided buffer in an amount
equal to the original sample volume.

25-Hydroxy vitamin D3 enzyme-linked immunosorbent assay (ELISA) standards (original
concentration 2.5 pg/ml) were prepared via serial dilution using the provided buffer for final
concentrations of 25, 12.5, 6.25, 3.12, 1.56, 0.78, 0.39 and 0.19 ng/ml. Vitamin D-
acetlycholinesterase (AChE) tracer and vitamin D ELISA monoclonal antibody were each
reconstituted in 6 ml of ELISA buffer. Next, 50 ul of each standard and triplicates of 50 pl
samples were loaded onto a 96-well plate. A quantity of 50 pl of the vitamin D AChE tracer
and 50 pl of the vitamin D ELISA monoclonal antibody were then added to standards and
samples before covering the plate and incubating for 24 h at room temperature. Following
the incubation, wells were emptied and rinsed five times with wash buffer. Ellman’s reagent
was reconstituted in 20 ml of ultrapure water and 20 pl was added to each well.

The 96-well plate was then covered to reduce evaporation and placed on an orbital shaker for
75 min before being read at a wavelength of 412 nm on a BioTek Eon spectrophotometers
(BioTek, Winooski, VT, USA). Absorbances of non-specific binding wells were subtracted
from standards and sample wells and a standard curve generated for interpolation of vitamin
D concentrations (ng/ml) in sample wells using Gen5 analysis software (BioTek).

Vitamin D measures

Bootstrapping at the 95 percentile confidence interval (CI) and 1000 resamples were used
for all statistical analyses because of small sample sizes and unequal groups. First, an initial
univariate ANOVA was conducted with vitamin D sample concentration as the dependent
variable (DV), diagnosis (Dx: 22911.2DS v. TD) as an independent variable (1VV) with AGE
and SEX as covariates. AGE and SEX were not significant predictors in the model and
excluded in a follow-up ANOVA using the same DV and IV as outlined above. This showed
a significant effect of diagnosis [A1,25) = 9.05, P=0.006, 12 = 2.66, bootstrapped 95% CI

J Dev Orig Health Dis. Author manuscript; available in PMC 2018 April 27.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kelley et al.

Page 6

=31.17, 35.66]. As shown in Fig. 1, plasma vitamin D levels were lower in the group of
children with 22q11.2DS (M = 30.09 ng/ml) compared with the TD group (M= 36.73 ng/
ml).

As part of a post-hoc analysis to further explore vitamin D levels in relation to genetic
diagnosis, participants were dummy-coded into high (=30 ng/ml) and low (<30 ng/ml)
groups independent of genetic diagnosis and a Pearson’s Xz test of independence was
conducted to examine group composition of individuals with high and low vitamin D levels.
There were significantly more children with borderline to deficient (<30 ng/ml) blood levels
of vitamin D in the 22q11.2DS group than in the TD group [Xz(l, n=27)=5.80, P=
0.016].

Psychological measures

BASC-2 parent report data were available for nine children with 22g11.2DS and 13 TD
children. Univariate analysis of covariance were conducted to determine which of the
particular BASC-2 parent report scales differed between groups. Age and sex were included
as covariates in the analysis, Bonferroni correction was applied to adjust for multiple
comparisons. As shown in Table 1, groups differed on all BASC-2 scales with the exception
of aggression and conduct problems.

As shown in Table 2, children with 22911.2DS had lower mean full-scale intelligence
quotient (1Q) scores than TD children. Children with 22q11.2DS also had lower verbal and
perceptual comprehension, working memory and processing speed index scores than TD
children.

As the a priorihypothesis was that lower vitamin D levels would be associated with elevated
anxiety and atypicality. A multivariate ANOVA (MANOVA) was conducted with parent-
reported BASC-2 anxiety and atypicality subscales as DVs, diagnosis as the 1V, with age and
sex as covariates. Age and sex were not significant and thus removed from a follow-up
MANOVA using anxiety and atypicality as DVs and Dx as an IV. This revealed a significant
multivariate effect for anxiety and atypicality in relation to Dx [A2,19) = 14.02, £< 0.0001,
12 = 0.60]. Univariate analyses between groups indicated a main effect for group for parent-
reported BASC-2 anxiety [R(1,20) = 8.66, A< 0.008, 2 = 0.30] and atypicality [R(1,20) =
14.73, P< 0.001, n2 = 0.42]. As shown in Fig. 2, as a group, parents of children with
22011.2DS report their children as being more anxious (22q11.2DS: 7-score M= 63.00 v.
TD: 7-Score M= 50.69) and exhibiting more atypical behavior (22911.2DS: 7-score M=
61.22 v. TD: 7-score M= 45.31) compared with the group of parents of TD children.

Next, Pearson’s correlation analyses were conducted with the hypotheses that higher levels
of parent-reported anxiety and atypicality regarding their child would relate to vitamin D
blood concentrations. Based on the results thus far, one-tailed test was selected. As shown in
Fig. 3, higher levels of anxiety [1(22) = -0.31, £ = 0.04] were negatively correlated with
vitamin D blood concentrations. However, BASC-2 atypicality scores were not related to
vitamin D concentrations [/(22) = 0.039, A= 0.43].
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To test the mediating role of vitamin D plasma level in the association between group and
anxiety, a 95% bootstrap Cl was utilized. A diagnosis of 22g11.2DS had a direct relationship
with anxiety (B = 15.5, P=0.005, 95% CI = 5.30, 25.70) and an inverse relationship with
vitamin D levels (B = -6.85, P=0.013, 95% CI = -12.02, —1.69). Plasma levels of vitamin
D had an inverse relationship with anxiety (p = -1.19, P=0.016, 95% CI = -2.13, —0.258).
The direct effect of diagnosis on anxiety controlling for vitamin D levels was not significant
(B =11.22, P=0.074, 95% CI = -1.26, 23.69). The indirect effect from group to anxiety
was also not statistically different from 0 (B = 4.08, P=0.25, 95% CIl = -2.67, 14.88).
Though analyses indicate partial mediation, there is no evidence of complete mediation
through vitamin D levels. The model is illustrated in Fig. 4.

A posteriori analyses were then conducted to examine potential relationships between other
BASC-2 parent report scale findings and vitamin D levels using a series of Pearson’s
correlations. Results indicated that vitamin D concentrations were negatively associated with
depression [(17) = -0.49, P=0.02] and internalizing problems [1(17) = -0.54, £=0.01],
and positively associated with activities of daily living [(17) = 0.43, P=0.04]. Three
follow-up mediation analyses were then conducted to investigate a possible mediating role
of vitamin D concentration in the association between group and the BASC-2 depression,
internalizing problems and activities of daily living subscales.

A diagnosis of 22q11.2DS had a direct relationship with depression (p = 13.99, P=0.003,
95% CI =5.64, 22.33). Vitamin D concentrations had an inverse relationship with
depression (p = —0.27, P=0.048, 95% CI = —-0.545, -0.003). The direct effect of group on
depression controlling for vitamin D concentration was significant (B = 12.38, #=0.03,
95% CI = 1.73, 23.03). The indirect effect from group to depression controlling for vitamin
D was not statistically different from 0 (95% CI = -6.37, 8.17). Therefore, vitamin D did not
mediate this relationship.

A diagnosis of 22q11.2DS had a direct relationship with internalizing problems (p = 19.33,
P=0.000, 95% CI = 12.20, 26.47). Vitamin D concentration had an inverse relationship
with internalizing problems (B = -108, £=0.025, 95% CI = —-2.01, -0.16). The direct effect
of group on internalizing problems remained significant when controlling for vitamin D (B
=18.25, P=10.001, 95% CI = 9.11, 27.40). The indirect effect from group to /nternalizing
problems was not statistically different from 0 (95% CI = -3.71, 10.16). Vitamin D did not
mediate this relationship.

A diagnosis of 22q11.2DS had an inverse relationship with activities of daily living (B =
—-22.24, P=0.0001, 95% CI = -30.25, —14.22). Vitamin D concentrations were not
significantly associated with activities of daily living in a linear regression model (f =
0.974, P=0.087, 95% CI = -0.16, 2.12). The direct effect of group on activities of daily
living remained significant when controlling for vitamin D concentration (p =-23.82, P=
0.0001, 95% CI = —34.04, —13.60). The indirect effect from group to activities of daily
living was not statistically different from 0 (95% CI = —4.25, 9.00). Thus, vitamin D did not
mediate this relationship either.
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Possible associations between vitamin D and measures of intelligence were examined using
Pearson’s correlations. Vitamin D concentration was positively associated with fullscale 1Q,
n(26) = 0.41, P=0.037, as well as the Perceptual Reasoning Index, /(26) = 0.50, A= 0.009.
There were no significant correlations with the remaining 1Q indexes.
Discussion

The children with 22g11.2DS in the current study have elevated anxiety and atypical
behavior compared with TD children according to parent reports using the BASC-2.
Children with 22q11.2DS also had lower blood levels of vitamin D compared with the TD
group and lower levels of vitamin D was correlated with higher levels of anxiety but not of
atypicality.

In addition to the risk of developmental malformations leading to altered parathyroid
function and decreased levels of vitamin D, haploinsufficiency of genes involved in vitamin
D signaling may place 22¢q11.2DS individuals at a greater risk of psychosis. Interactions of
the functional copy of a gene or genes with environmental factors, deficient genes outside
the microdeletion or some combination may serve as necessary catalysts for the
development of psychosis.? The mitochondrial gene proline dehydrogenase (PRODH) is
transcriptionally modulated by vitamin D, and is located within the 22q 1.5 Mb
microdeletion.58 PRODH encodes the PRODH/proline oxidase enzyme that catalyzes the
first step in catabolism of the glutamatergic neuromodulator proline. PRODH mutations can
result in hyperprolinemia, which has been reported in patients with 22q11.2DS%° and
associated with schizophrenia in the general population’ but this linkage is less clear for
those with 22q11.2DS.58 More recently, Clelland et a/7! identified a mechanistic basis for
one-third of the association between schizophrenia and vitamin D insufficiency, where
vitamin D insufficiency leads to elevated proline levels and dysregulation of
neurotransmission due to decreased expression of PRODH.

PRODH expression may partially explain the association found in the current study between
vitamin D insufficiency and anxious behaviors, as PRODH has also been associated with
stress reactivity and anxiety.”2 While only four children in the current study had insufficient
levels, six more had borderline low recommended levels of vitamin D. Further, while anxiety
is a commonly reported symptom in children with 22g11.2DS, it is also one of the
symptoms closely linked to the onset of psychosis.13:73 The 22g11.2DS children in our
sample with deficient vitamin D levels also had the highest levels of anxiety.

Recently, a positive correlation was found between levels of serum vitamin D and right
hippocampal gray matter volume in schizophrenia patients.”# Reduced hippocampal
volumes have also been reported in children and adults with 22q11.2DS,”%76 which could
reflect an atrophying process due to stress and associated chronic GC exposure in addition to
an atypical maturational process.* A recent series of experiments examining GC exposure in
an animal model of depression lends support to this hypothesis, and suggests that
hippocampal vitamin D signaling may be involved in a compensatory adaptive response to
allostatic load induced by chronic stress.32:77.78
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Lower vitamin D levels associated with impaired cognitive function has been reported in a
number of studies.”®:80.81 Similarly, for children in the current study, lower full-scale 1Q and
poorer perceptual reasoning was associated with lower vitamin D blood concentrations.

Exposure to chronic unpredictable mild stress increased expression of vitamin D produced
locally in rat hippocampal neurons, but did not change serum levels. Such stress exposure
also increased expression of CYP27B1/CYP24A1/VDR expression in the hippocampus,32
whereas a follow-up study found that repeated intraperitoneal injections of a low dose (0.2
mg/kg) of the synthetic GC dexamethasone led to a significantly greater reduction in
expression of hippocampal CYP27B1, CYP24A1 and VDR proteins, compared with a high
dose (2 mg/kg). The authors suggest that these results may reflect a U-shaped relationship
that varies depending on the severity and duration of stress exposure; suppressing
hippocampal vitamin D signaling in response to moderate stress and gradually augmenting
in an adaptive response to more chronic stress. Eventually, increases in GC exposure lead to
atrophy and impaired neurogenesis,® and vitamin D signaling is only moderately activated.
32 Conversely, vitamin D has been shown to be protective against hippocampal GC excess,83
and a recent /n vitro study suggests that vitamin D may decrease GC receptor sensitivity.84
In contrast to the U-shaped response of vitamin D signaling proposed by Jiang et al.,32 the
relationship between GC levels and hippocampal neural health tend to follow an inverted U-
shaped relationship,8%:86 suggesting possible feedback between vitamin D and GC signaling.

The neural diathesis-stress model proposed by Walker et a/87 suggests that vulnerability to
the hypothalamic-pituitary-adrenal (HPA) system during early development interacts with
several factors occurring during the adolescent period such as chronic stress, and may
contribute to the onset of psychotic disorders such as schizophrenia. Furthermore, cortisol
levels are significantly associated with anxiety,88:89 stressful life events® and stress
intolerance®9.91.92 i individuals at ultra-high risk for the development of schizophrenia.

Future studies with larger samples of children with 22q11.2DS examining this potential
relationship between chronic GC activation, hippocampal morphometry and vitamin D
levels over multiple measures are warranted. Chronic stress may lead to GC-induced
reduction in hippocampal expression of VDR and P450 enzymes involved in vitamin D
activation. Hippocampal neurons in individuals with 22g11.2 deletion may already be
vulnerable before chronic stress due to several factors including vitamin D insufficiency.
Vitamin D insufficiency combined with exposure to chronic stress may be sufficient to
further reduce expression of VDR and CYP27B1/CYP27Al in the hippocampus, leading to
a decrease in local production of vitamin D. As suggested by Jiang et al.,’8 over time
reduced expression of VDR/CYP27B1/CYP27A1 may leave hippocampal neurons
vulnerable to GC-induced cell death and further increase the risk for pathologies such as
anxiety, depression and the development of schizophrenia.

This is the first study to show an association between vitamin D levels and anxiety in
children with 22q11.2DS. Lower vitamin D levels have been reported in other groups of
children with intellectual disabilities®394 and in adults with anxiety disorders, depression
and schizophrenia.23.27.95.96 There is evidence of vitamin D as a mediating factor for
developing anxiety in patients who suffered a stroke.9” Nevertheless, the relationship
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between lower vitamin D levels and anxiety or mood is not a foregone conclusion with
ambiguous findings in relation to depression and anxiety in adult populations and when
comparing men and women.?6:98 Lower vitamin D levels may arise from metabolic
dysfunction, medication usage, among a number of potential causes that include reduced
activity and exposure to sunlight,® which may be a common issue for children with
neurodevelopmental disorders and intellectual impairment.93:94

Some notable limitations should be considered when interpreting the results of this study.
Sample size was limited and there were more TD children than children with 22q11.2DS.
Bootstrapping and limiting hypothesis testing to anxiety and atypicality was done to improve
statistical power but likely misses more nuanced psychological profiling in relation to
vitamin D levels. Larger samples would also allow for more complex statistical models that
can better separate anxiety levels from diagnosis and ‘normal’ v. ‘insufficient’ vitamin D
levels within groups. Seasonality was not taken into account for this study. Differences in
vitamin D levels may be a result of individual lifestyle factors. No data were available on
prenatal vitamin D status. Interpreting self-report data from children with
neurodevelopmental disorders can be complicated by their understanding of the questions,
their self-awareness and communication ability. The age range, although controlled for in
analyses, may also be a confounding factor in the current study. Finally, participants were
not asked to fast for 24 h before the blood draw; however, fasting is not necessary to obtain a
vitamin D level1% given the 2-3-week-long circulating half-life of 25(OH)D.%°

Recent evidence from animal models suggests that vitamin D deficiency during development
v. adulthood may lead to different alterations in the brain, suggesting potential critical
windows with outcomes depending on precise timing of deficiency.60 Further research is
needed to elucidate the effects of vitamin D deficiency in a larger sample of individuals with
22011.DS, and in particular, to examine the interaction of vitamin D insufficiency over time
and during critical windows of development with other known risk factors for psychosis
such as exposure to chronic stress and co-occurrence of other disorders.

Anxiety, comorbid with depression, may be of particular concern in children with
22011.2DS, as stress-coping resources may already be depleted due to complications
occurring as a result of the genetic disorder.12 Given the overlap of psychiatric disorders
linked to chronic GC exposure and vitamin D insufficiency, additional studies of these
factors in children with 22q11.2DS may provide targets for the prevention of psychosis in
this vulnerable population. Based upon the current preliminary findings, further study will
be required to clearly elucidate the role of vitamin D, anxiety and depression in children
with 22q11.2DS using larger sample sizes and controlling for factors which can influence
vitamin D levels such as lifestyle activities, seasonality, diet and other health-related issues
which may arise as a result of the deletion phenotype.
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Fig. 1.
Plasma vitamin D concentrations (ng/ml) are lower in a group of children with chromosome

22g11.2 deletion syndrome compared with a group of typically-developing children.

J Dev Orig Health Dis. Author manuscript; available in PMC 2018 April 27.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Kelley et al.

90 -

80

Parent-report BASC-2 T-scores
()]
o
I

40 -

Fig. 2.

Parent reports of their child’s anxiety and atypicality as measured using the Behavior
Assessment Scale for Children, 2nd Edition in children with and without chromosome
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22011.2 deletion syndrome (22g11.2DS). Children with 22q11.2DS are reported to have
higher anxiety and more atypical behavior compared with their typically-developing peers.
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Fig. 3.
Lower levels of plasma vitamin D are associated with higher levels of anxiety as reported by

parents using the Behavior Assessment Scale for Children, 2nd Edition. TD, typically
developing.
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