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Purpose: Vitamin D deficiency has been found in children with chronic tic disorders
(CTDs). Our previous data showed that serum 25-hydroxyvitamin D [25(OH)D] level in
children with CTDs was lower than that of the healthy controls and lower serum 25(OH)D
level was associated with increased severity of the tic disorder. Thus, we intend to further
verify this phenomenon and examine the effect of vitamin D3 on CTDs.

Patients and methods: In total, 120 children with CTDs and 140 normal controls were
enrolled in this study, with 36/120 of those in the CTD group receiving vitamin D3 treatment for
3 months. The Yale Global Tic Severity Scale (YGTSS) and Clinical Global Impression of Severity
of Illness (CGI-SI) were, respectively, used to evaluate the tic severity. High-performance liquid
chromatography and tandem mass spectrometry were used to measure serum 25(OH)D level.
Results: Those children with CTDs exhibited significantly lower 25(OH)D levels than did
healthy controls, and these reduced 25(OH)D levels were linked to increasing severity of tic
symptoms. After treatment with supplemental vitamin D3, serum 25(OH)D level and scores
of YGTSS total, motor tics, phonic tics, total tic, impairment, and CGI-SI improved
significantly in children with CTDs without any adverse reactions.

Conclusion: Supplementation vitamin D3, given its low cost and excellent safety, may be
an effective means of improving symptoms in certain children with CTDs.
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Introduction
Chronic tic disorders (CTDs) are neurodevelopmental disorders, which commonly
begin in childhood and are characterized by the presence of repeated, stereotyped,
discrete, and nonrhythmic movements and/or vocalizations, which are present for at
least 1 year." According to the DSM-5, the idiopathic CTDs are mainly divided into
Tourette’s syndrome (TS) and chronic motor or vocal tic disorders.” In the latter
two cases, motor and phonic tics are not necessary to coexist. TS is the most severe
CTD, presenting with a range of motor tics as well as one or more vocal tic. The
prevalence of CTDs is estimated at 2-3% and that of TS is approximate 1% of the
school-age children, with a ratio of three to four times more common in boys than
girls.>* The majority (approximately 80%) of individuals with CTDs has at least
one comorbid behavioral problem, of which obsessive-compulsive disorder (OCD)
and attention deficit hyperactivity disorder (ADHD) are most common.>*°

Factors responsible for CTDs have not been clarified yet. Genetics, neurotrans-
mitters, as well as psychological and environmental factors are believed to contribute
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to causing these disorders. It has been suggested that the
dysfunction of the cortico-basal ganglia pathways is asso-
ciated with the pathology of CTDs and dopaminergic input
from the substantia nigra pars compacta modulate the activ-
ity throughout the basal ganglia.” Furthermore, CTDs are
complex, with factors including dietary constituents, toxins,
sleep, and exercise are probably also involved, which inter-
play with genetic and neurotransmitters factors and may
increase susceptibility to CTDs.

Vitamin D is a steroid with key roles in maintaining
normal brain physiology and neurodevelopment, regulating
>200 genes.® At the cellular level, vitamin D regulates gene
expression in a manner protective of the dopamine system,’
and it further has a direct role in regulating the key enzymes
such as tyrosine hydroxylase and catechol-O-methyltrans-
ferase, which are essential for dopamine production
and metabolism, as well as that of norepinephrine and
epinephrine.'*"!

Our previous data showed that children with tic disorders
exhibit reduced serum 25-hydroxyvitamin D [25(OH)D]
levels, with a direct negative correlation between these levels
and tic severity.'>"? Similarly, Stagi et al, found that in
children with streptococcal-associated pediatric autoimmune
neuropsychiatric disorders, serum 25(OH)D levels were
reduced relative to healthy individuals, and these levels
were again negatively correlated with the severity of symp-
toms including tics and obsessive-compulsive behaviors.'*
Additionally, vitamin D deficiency is linked to psychiatric
conditions including ADHD, autism, depression, and
schizophrenia.'>'®

These clinical findings warrant further study. Based on
our previous findings, we hypothesized that vitamin D
insufficiency or deficiency may be contributive to the
increased susceptibility of CTDs, and therefore vitamin
D3 supplementation will reduce the severity of tic symp-
toms in children with CTDs. We, therefore, sought to
evaluate how vitamin D3 supplementation affected 120
children with CTDs.

Materials and methods

Study design

This case-control and randomized-control study (in CTDs
group) received approval from the Research Ethics
Committee of the First Hospital of Jilin University.
Prior to enrollment, parents or legal guardians provided
written informed consent for all participants and this was
Declaration of

conducted in accordance with the

Helsinki. This clinical trial was registered in the
Chinese Clinical Trial Registry (ChiCTR) (registration
number: ChiCTR-OPC-17013502).

Participants

From November 2016 to October 2018, we recruited 120
children aged from 5 to 14 years old with CTDs from the
clinic of the First Hospital of Jilin University. The mean
participant age in these children was 942 years old. In addi-
tion, we recruited 140 healthy controls (mean age: 9+2 years,
range: 5-14 years), partly from the same clinic (mentioned
above) and partly from a children’s activity center in
Changchun. The control and CTD groups were matched
with respect to age, sex, and season of blood collection.

Diagnose of CTDs was confirmed according to DSM-5
criteria by trained pediatricians who had received consen-
sus training before study inclusion. Also, structured parent
interviews by conducting Diagnostic Interview Schedule
for Children Version IV (DISC-1IV), and additional comor-
bidities were assessed using an internally generated beha-
vioral screening questionnaire. We have previously
published results pertaining to 56 cases and 60 healthy
controls enrolled in this study."

Exclusion criteria included the following conditions:
co-morbidity with other neuropsychiatric disorders (such
as autism, mental disorders, tuberous sclerosis, epilepsy),
rheumatic fever, and common comorbidities such as
ADHD and OCD that were more severe than the tic dis-
order itself. Children who were receiving any medications
related to the treatment of tics and comorbidities, espe-
cially neuroleptics, SSRIs, or psychostimulants. We also
excluded those children who underwent calcium or vita-
min D therapy over the previous 3 months, as well as those
with endocrine, liver, or kidney diseases and those taking
any supplements or medications with the potential to dis-
rupt vitamin D and calcium metabolism.

Evaluations and intervention

Initial clinical assessment

Self-made questionnaires, dietary intake of participants,
and demographic data including sex, date of birth, age,
place of residence, physical activity, vitamin supplements,
recent diet, and sun exposure were recorded by physician.
An electronic scale was used to record participant weight,
while height was measured via stadiometer, with children
in both groups being measured without shoes and while
wearing only lightweight clothes. Body mass index (BMI)
for age percentile was calculated as follows: BMI = weight
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(kg)/(height (m))*. Children were classified into normal
weight (<85th percentile BMI), overweight (85-95th per-
centile BMI), and obesity (>95th percentile BMI) accord-
ing to the age percentile of BML'® The Chinese version of
the DISC-IV, which is known to have good reliability and
validity,”” has been used to assess the comorbidities in our
study. DISC is developed by the American working group
for childhood disorders according to DSM-IV diagnostic
criteria, including most major behavioral and emotional
disorders in childhood, such as ADHD, oppositional defi-
ant disorder, OCD, anxiety or depression, etc.

Laboratory investigations

Prior to the enrollment of CTDs group, each child with
CTDs was required to receive blood routine test including
blood cell count, anti-o antibody, rheumatoid factor, serum
calcium level, liver, and kidney function. Serum 25(OH)D
levels of both group at baseline were assessed via high-
performance liquid chromatography in Guangzhou King
Medical Center (Clinical Laboratory). The models of liquid
chromatograph and mass spectrometer have been described
in detail in our previous publication.'® Children who were
enrolled after November 2017 and also completed vitamin
D3 supplementation over a 3-month period needed to con-
duct the above laboratory test again at the end of the trial.
Optimal vitamin D level is based on a serum 25(OH)D level
of 30-90 ng/mL, whereas levels of 10-30 ng/mL indicate
vitamin D insufficiency, and concentration below 10 ng/mL
represents a vitamin D deficiency.?!

In this study, blood samples have been collected in two
periods of the year: winter season starting (November—
May), and summer season (June—October). This approach
is preferable according to the study result in Boston,** and
Changchun and Boston are both found between 42° and
45° of North latitude.

Intervention

Children with CTDs and vitamin D insufficiency/defi-
ciency (enrolled after November 2017) were advised to
receive vitamin D3 supplementation. Vitamin D3 treat-
ment should be taken daily for 3 months, with a dose of
300 IU/kg/day (no more than 5000 IU/day). Vitamin D
tablets (5000 IU) were supplied by NATURE’S BOUNTY,
INC. Bohemia, NY 11716 USA.

Outcome measurements
Changes in symptoms according to the Yale Global Tic
Severity Scale (YGTSS) from baseline to endpoint were

the primary measured outcome. YGTSS is a semi-struc-
tured scale designed to assess both the impairment and
severity of tic symptoms. The YGTSS total tic score is
based on the combined severity of both vocal and motor
tic scores with respect to the intensity, frequency, number,
interference, and complexity of tics, with a possible score
range of 0-50. In addition, the YGTSS incorporates an
impairment rating scale aimed at gauging functional
impairments associated with tics, such as psychosocial
aspects with scores ranging from 0 to 50 points. The

3 and a

YGTSS scale has good psychometric properties,’
Chinese adaptation of this scale was utilized in this study.

The secondary efficacy outcome was measured with
the improvement of Clinical Global Impression Severity
of Illness (CGI-SI) score from baseline to 3 months after
the trial. The CGI scales are widely used measurements to
evaluate the efficacy in clinical psychiatric trials. The
score of CGI-SI is rated 1-7 points from “normal” to
“among the most extremely ilI”” according to the clinician’s
overall impression of a patient’s condition.** Treatment
safety was evaluated based on a side effect questionnaire
at the end of the third month.

Statistical analysis

SPSS v22.0 (IBM Corp., Armonk, NY) was used for data
analysis. The Kolmogorov—Smirnov test was used to
assess distribution normality. Independent #-tests and
Mann—Whitney tests were used to compare the means
and medians of 2+ continuous variables per group, respec-
tively. Chi-squared and Mann—Whitney tests were utilized
in order to assess differences in categorical variables.
Differences within groups were assessed via paired t-
tests and Wilcoxon tests. Pearson’s correlation test was
used for correlation analysis of variables with normal
distribution, and Spearman test was used for those not
conform to the normal distribution. All comparisons were
two-sided, and p<0.05 was the significance threshold.

Results
This study enrolled 120 children with CTDs. Clinical
classifications were TS in 67 patients (67/120, 56%),
chronic motor tic disorder in 43 patients (43/120, 36%),
and chronic vocal tic disorder in 10 patients (10/120, 8%).
Besides, 38 patients (32%) had ADHD, 22 patients (18%)
had OCD, and 13 patients (11%) had anxiety problems.
Table 1 shows the demographic data and vitamin D
conditions of the two groups. There were no differences in
sex, age, BMI, or season of blood sample isolation
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Table | Patient demographic data

Characteristics CTDs Controls ti (Z) p

Number of participants 120 140

Sex 0.83 0.36
Male 102 (85%) 113 (81%)

Female 18 (15%) 27 (19%)

Age.y 9 (8-11) 9 (7-10) (-1.42) 0.16

BMI 0.56 0.76
<85th 87 (72%) 102 (73%)
85-95th 26 (22%) 27 (19%)
>95th 7 (6%) Il (8%)

Season of blood collection 0.39 0.53
Winter 98 (82%) 110 (79%)

Summer 22 (18%) 30 (21%)

25 (OH)D, (ng/mL) 19+7% 29+7 10.5 <0.001
During winter 19+8° 28+7 9.37 <0.001
During summer 21+6* 30+8 4.68 <0.001

Vitamin D status 49.3 <0.001
Optimal 8 (7%)* 62 (44%)

Insufficient 98 (81%)* 74 (53%)
Deficient 14 (12%)* 4 (3%)

Notes: *p<0.05 vs controls. Data represent the percentages of, mean + SD, or medians (P25-P75). Independent t test, ¥ test, and Mann—Whitney test were employed for

comparing control children to those with CTDs.

Abbreviations: CTDs, Chronic tic disorders (referred as case group); Controls, normal healthy controls.

between children with CTDs and healthy controls. Other
variables including activity level, diet, and residence area
were also comparable between groups (Data not shown).
The children with CTDs exhibited significantly lower
serum 25(OH)D levels than did the control group, and
the difference was found both during winter and summer
period. Groups differed significantly with respect to over-
all frequencies of children with 25(OH)D levels that were
optimal, insufficient, and deficient, with significantly
higher rates of insufficiency and deficiency in the children
with CTDs relative to the healthy controls.

We examined the relationship between 25(OH)D levels
and YGTSS scores in the whole CTDs group (n=120) at
baseline, revealing a negative Pearson’s correlation between
these levels and total YGTSS scores (= —0.31, p=0.001,
Figure 1A), and between these values and YGTSS total tic
scores (r= —0.36, p<0.001, Figure 1B). There was addition-
ally a significant negative Spearman’s correlation between
25(OH)D levels and motor tics scores (ry = —0.24, p=0.01).
No significant correlations were found between the levels of
25(0OH)D and Phonic tics scores (r= —0.14, p=0.14) and
Impairment scores (r; = —0.17, p=0.06).

All children with CTDs who were vitamin D insufficient
or deficient (enrolled after November 2017, n=60) were
given the advice to intake supplemental vitamin D3. Only
36 (mean age: 8+2 years old, male to female ratio was 5:1)
of the 60 CTDs children with vitamin D insufficiency or
deficiency had finished 3 months of consistent vitamin D3
supplementation (Table 2). Lack of compliance in other
children was attributable to factors including parental
doubt regarding treatment efficacy, worries about vitamin
D poisoning, or failing to attend regular follow-up visits.

Rating scores and serum 25(OH)D levels of those with
CTDs who were vitamin D insufficient or deficient, before
and after vitamin D3 supplementation are shown in Table 3.
After 3 months of vitamin D3 supplementation, there was a
significant elevation in 25(OH)D levels in the serum com-
pared to the baseline. The total scores and sub-scores of
YGTSS, CGI-SI scores were significantly reduced relative
to pretreatment values. The percentage of children with a
CGI-SI score of 1-2 points (less severe tics) was signifi-
cantly higher and the percentage of children with a score of
5-6 points (more severe tics) was significantly reduced

relative to baseline.
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Figure | Correlation of 25(OH)D levels with YGTSS scores. Associations between 25(OH)D levels and YGTSS scores in the whole CTDs group (n=120) at baseline were
analyzed via Pearson’s correlation test. (A) Total YGTSS score correlation with 25(OH)D levels. (B) Total YGTSS tic score correlation with 25(OH)D.
Abbreviations: 25(OH)D, 25-hydroxyvitamin D; YGTSS, Yale Global Tic Severity Scale; CTDs, chronic tic disorders.

Table 2 Follow-up treatment in children with CTDs and vitamin D deficiency or insufficiency

Vitamin D deficiency Vitamin D insufficiency Total number
(<10 ng/mL) (10-30 ng/mL)

Be advised to receive vitamin D3 supplementation I 49 60

Taking vitamin D3 supplementation I 43 54

Loss of contact or unable to conduct evaluations 4 14 18

Finished vitamin D3 supplementation 7 29 36

Table 3 Rating scores and 25(OH)D levels in children that have CTDs before and after vitamin D3 supplementation

Variable Baseline After 3 months t(Z) p
YGTSS total scores 4111 26+13* 9.68 <0.001
Total tics scores 23+5 1327° 10.15 <0.001
Motor tics 16 (13-18) 10 (7-12)* (-5.0) <0.001
Phonic tics 8 (5-10) 5 (2-7)° (—4.44) <0.001
Impairment 20 (10-20) 10 (10-20)* (-3.83) <0.001
CGI-SI scores 4 (4-5) 3 (24)° (-3.79) <0.001
CGI-SI (%) (-3.38) 0.001

I-2 scores 1 (3%) 9 (25%)*

3—4 scores 23 (64%) 24 (67%)

5-6 scores 12 (33%) 3 (8%)*
25(OH)D(ng/mL) 21(15-23) 51(43-58)* (-5.23) <0.001

Note: Data are means + SD or medians (P25-P75), percentage of children. Paired t-tests, Wilcoxon tests, and Mann—Whitney tests were used to compare before and after

therapy in children with CTDs. *Significantly different from the baseline (p<0.05).

Abbreviations: 25(OH)D, 25-hydroxyvitamin D; CTDs, chronic tic disorders; YGTSS, Yale Global Tic Severity Scale.

In general, children were able to readily tolerate the
high-dose vitamin D3 supplementation without negative
side effects. The side effects questionnaire found that only
one patient had transient abdominal pain after | month of
vitamin D3 supplementation. The serum level of urea
nitrogen, calcium, creatinine, alanine transaminase, and
aspartate transaminase was all in the normal range before

and after vitamin D3 treatment.

Discussion

Firstly, we observed significantly reduced in serum
25(OH)D levels in children with CTDs, who were also
significantly more likely to be vitamin D insufficient/defi-
cient compared to healthy controls. Secondly, serum
25(0OH)D levels were found to be negatively correlated
with tic severity. Thirdly, the vitamin D3 supplementation
at a dose of 300 IU/kg/d (no more than 5000 IU/d) reduced
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tic severity in children with CTDs after 3 months of
treatment. To the best of our knowledge, this is the first
trial assessing the efficacy of vitamin D3 supplementation
in children with CTDs.

Our results are consistent with our previous research
and other research results: Vitamin D insufficiency and
deficiency are common in children with tic disorders.
Theoretically, a sustained drop in 25(OH)D levels may
drive provisional tic disorders to transform into CTDs
and might be a biological marker for the course of tic
disorder.'*"*

Vitamin D can act on the nervous system as a neuroac-
tive steroid via regulation of genes expression, neuro-
trophic  factor synthesis, calcium transition, and
antioxidant properties for both brain development and
mature brain function.>>?® The mechanism governing
lower vitamin D levels of CTDs is not clear, though it
could be linked to eating habits or limited sunshine expo-
sure. Up to now, little data are available on assessing how
tic disorders relate to vitamin D, although there are multi-
ple plausible explanations for why vitamin D3 supplemen-
tation improves tic symptoms in those with CTDs.

One of them is that vitamin D is related to the dopa-
mine system. Cortico-basal ganglia dopaminergic dysfunc-
tion is associated with the pathology of CTDs.?”?®
Through immunohistochemical staining, 1,25-dihydroxy-
vitamin D3 receptor (VDR) and lalpha-hydroxylase can
be found in the hypothalamus and in the large neurons of
substantia nigra, presumably dopaminergic neurons, which
help to form active vitamin D.?* Cui et al, confirmed that
VDR exists in the nucleus of TH+ neurons in the sub-
stantia nigra of both human and rats, and VDR appears in
the early brain development of rats.>® Jiang et al, showed
that after 6 weeks of calcitriol given to rats at the dose of
50 or 100 ng/kg/d, the expression of TH was induced, a
rate-limiting enzyme for the conversion of tyrosine into
dopamine.>' An in vitro study by Cui et al, also confirmed
that vitamin D regulates the expression of tyrosine
hydroxylase.'® Hawes et al, found that the expression of
brain tyrosine hydroxylase gene in female fetuses deficient
in vitamin D of the BALB/c mouse was decreased.*” In
addition, vitamin D is able to control the production of
glial cell line-derived neurotrophic factor (GDNF) and a
range of other neurotrophic factors.*®> Vitamin D could
protect the dopamine system by modulating GDNF recep-
tor, C-Ret, which is greatly important for cell differentia-
tion and survival of dopaminergic neurons.** These studies

suggested that vitamin D deficiency in fetuses or early

brain development might be contributing to the etiology
of tic disorders.

Another explanation for the effectiveness of vitamin D
in treating CTDs is the link between vitamin D and y-
aminobutyric acid (GABA) system. Lerner et al, observed
impaired GABA-A receptor binding in many regions in
Tourette patients, and particularly, that abnormal insular
and cerebellar GABA-A binding is likely associated with
tic symptoms.*® In mice, selectively disrupting GABA-A
blocking the
GABAergic striatal interneurons can lead to the develop-

receptor signaling or activation of
ment of tic-like movements.’*>” Vitamin D is an active
controller of the genetic regulation of the synthesis of
GABA.*® Vitamin D could significantly reduce the activity
of glutamic acid decarboxylase, a critical enzyme in
GABAergic interneurons.*® The GABA levels of the pre-
frontal cortex and the striatum in rats with vitamin D
deficiency were significantly increased.’* The increased
level of y-GABA also found in vitamin D deficient
BALB/c mice.*® These studies indicate that one of the
reasons vitamin D may effectively treat CTDs is by reg-
ulating the concentration of GABA.

An ideal 25(OH)D level of the biological effect of
vitamin D in promoting intestinal calcium absorption for
bone metabolism is 34-38 ng/mL.*"** It is possible that
higher levels of 25(OH)D will enable vitamin D to play a
role in neuro-immunomodulation, neurotransmission, anti-
oxidation, and gene regulation in behavioral and neurop-
sychiatric disorders.***> Cannell et al , recommended the
ideal level of 25(OH)D ranged from 55 to 70 ng/mL for
supplemental treatment of chronic disorders with vitamin
D deficiency.*’ Therefore, our study chose to give vitamin
D3 supplementation at a dose of 300 IU/kg/d (no more
than 5000 IU/d) in order to reach the ideal 25(OH)D level
of 55-70 ng/mL. In this study, vitamin D3 supplementa-
tion improved the symptoms of CTDs children, possibly
because the level of 25(OH)D was close to the ideal
concentration, thus making vitamin D plays a role in
neuro-modulation.

Since sunlight exposure will influence the production
of vitamin D, we divided the children into summer and
winter group according to the blood collecting season, but
we found comparable vitamin D levels in both groups,
with slightly but not significantly higher levels in the
summer (p>0.05). This might be related to the higher
percentage of the children who were enrolled in the winter
compared to the summer. In addition, the majority of the
children in our study were school-age children and usually
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have little outdoor physical activity, which might under-
mine the significant seasonal influence on 25(OH)D levels.

Limitations

Although our results are promising, the study does have
two serious limitations. Firstly, many of the CTD children
with vitamin D insufficiency or deficiency did not finish 3
months of vitamin D3 supplementation or lost contact
during the follow-up period. This large attrition rate
might have biased the study to positive findings as “non-
responders” would be more likely to drop out. Secondly,
this study is an open-label study, and thus susceptible to
patient and rater biases.

Conclusion

Our study confirmed again that children with CTDs are
more likely to be vitamin D insufficient or deficient, with
significantly reduced 25(OH)D levels relative to healthy
controls. Furthermore, decreased 25(OH)D levels were
linked to worse severity of tic symptoms. After 3 months
of vitamin D3 supplementation, severity of tic symptoms
in children with CTDs was reduced without adverse
effects. Although these are promising results, large rando-
mized-controlled clinical Trails are still needed to further
verify our conclusion and unlock the exact mechanism of
vitamin D in the etiology of CTDs.

Abbreviations

CTDs, chronic tic disorders; TS, Tourette syndrome; OCD,
obsessive-compulsive disorder; ADHD, attention deficit
hyperactivity disorder; 25(OH)D, 25-hydroxyvitamin D;
DISC, IV-Diagnostic Interview Schedule for Children
Version IV; BMI, body mass index; YGTSS, Yale Global
Tic Severity Scale; CGI-SI, Clinical Global Impression
Severity of Illness; VDR-1, 25-dihydroxyvitamin D3
receptor; GDNF, glial cell line-derived neurotrophic fac-
tor; GABA, y-aminobutyric acid.
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