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Abstract

Background: ADHD limits the ability to comply with Covid-19 prevention recommendations. We hypothesized that
ADHD constitutes a risk factor for Covid-19 infection and that pharmacotherapy may lower that risk. Methods: Study
population included all subjects (N=14,022) registered with Leumit Health Services between February Ist and April 30,
2020, who underwent at least one Covid-19 test. Data were collected from the electronic health records. Purchasing
consecutively at least three ADHD-medication-prescriptions during past year was considered drug-treatment. Results:
A total of 1,416 (10.1%) subjects (aged 2 months—103 years) were Covid-19-positive.They were significantly younger, and
had higher rates of ADHD (adjOR 1.58 (95% CI 1.27—-1.96, p <.001I) than Covid- | 9-negative subjects. The risk for Covid-
| 9-Positive was higher in untreated-ADHD subjects compared to non-ADHD subjects [crudeOR 1.61 (95% CI 1.36—1.89,
p <.001)], while no higher risk was detected in treated ones [crudeOR 1.07 (95% CI 0.78-1.48, p=.65)]. Conclusion:
Untreated ADHD seems to constitute a risk factor for Covid-19 infection while drug-treatment ameliorates this effect.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic
has rapidly spread from Wuhan, China in late 2019 (Li
et al., & Tang, 2020; Sohrabi et al., 2020) to nearly every
country across the globe (World Health Organization,
2020a) and poses a global public health and economic
threat (World Health Organization, 2020b; Wu et al.,
2020). The severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) has high levels of transmissibility,
estimated basic reproduction (R ) ranging from 2.6 to 4.7
and incubation duration ranging from 2 to 14 days (Lauer
et al., 2020).

The main routes of transmission are respiratory droplets
as well as direct contact with contaminated objects and sur-
faces (Van Doremalen et al., 2020). Based on the experi-
ence from China and information on viral transmission,
early steps were taken in many countries including Israel to
reduce the chance of being infected and reduce the spread
of Covid-19 infection. These steps included governmental
instructions designed to prevent the spread of the disease.
Flights were cancelled and non-essential places of business
were shut down by government orders. Various countries
instituted a 14-day quarantine for those who were in close

contact with Covid-19 verified patients or upon returning
from epidemic countries (Israel Ministry of Health, 2020a;
Lin et al., 2020).

Subsequently, people were asked to avoid close contact,
maintaining a 2-m distance from each other (Centers for
Disease Control and Prevention, 2020a; World Health
Organization, 2020c). Wearing face masks in public was
also requested as well as frequent hand washing. People
were asked to stay home and self-isolate even with minor
symptoms such as headache, fever, or a mild cough. These
actions resulted in a significant reduction in the spread of
the virus (Cheng et al., 2020; Lai et al., 2020).

ADHD is classified as a neurodevelopmental disorder.
The DSM-5 diagnosis in the pediatric population requires the
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presence of =6 symptoms of inattention and/or =6 symp-
toms of hyperactivity/impulsivity (in adults, =5 symptoms
of each), that have persisted for =6 months to a degree that is
inconsistent with the developmental level and negatively
impacts social and academic/occupational activities, and that
in four conditions (American Psychiatric Association, 2013).
The criteria include symptoms that tend to increase the risk
for viral transmission. Relevant inattentive criteria include
failure to give close attention to details or making careless
mistakes, not seeming to listen when spoken to directly, not
following through on instructions and being easily distracted,
difficulty in keeping materials and belongings in order, and
losing things necessary for tasks or activities. Additional per-
tinent hyperactive-impulsive criteria include fidgeting with
or tapping hands or feet, or squirming in seat, leaving seat in
situations when remaining seated is expected, taking risks,
and restlessness. Thus, it is expected that the complex of inat-
tention, hyperactivity, and impulsivity would tend to increase
the probability of exposure to Sars-Cov-2.

The basic requirements of physical distancing, avoiding
touch, washing hands frequently and intensively, and wear-
ing a face mask in public, as well as staying at home, self-
isolation, and maintaining quarantine are all more difficult
to follow for people who live with ADHD. This is espe-
cially true for those with the combined and the hyperactive
presentations, compared to people without ADHD. Such
ADHD-related difficulties limit the ability to comply with
the basic recommendations for the prevention of Covid-19,
particularly in younger age groups.

Hypotheses

The hypotheses of this study were that the rate of ADHD
among Covid-19 positive subjects is significantly higher
compared to those without ADHD and that treatment with
anti-ADHD medications may moderate the rate of Covid-
19 infection.

Methods

Leumit Health Services (LHS) has a comprehensive com-
puterized database, continuously updated with regard to a
subjects’ demographics, medical visits, laboratory tests,
hospitalizations, and medication prescriptions. Prescription
records are available starting from 1998 and include those
refilled and purchased per patient. All study participants
have similar health insurance and similar access to health
services. During each physician visit, a diagnosis is estab-
lished according to the International Classification of
Diseases-9/10 (ICD-9 or ICD-10), depending on the date of
diagnosis. The validity of the diagnoses from electronic
medical records was previously estimated in several studies
and found to be high for chronic diagnoses and laboratory
data (Pringle et al., 1995; Shalev et al., 2011).

The study period was from February 1st to April 30th
2020. The study population consisted of all subjects who
were registered with LHS during the study period and
underwent at least one test for Covid-19. The Covid-19
test used in Israel is the 2019-nCoV RT-PCR diagnostic
panel the AllplexTM 2019-nCoV Assay (Seegene Inc.,
Seoul, Republic of Korea) (World Health Organization,
2020d). The referral for the Covid-19 test was either
made by their physician or emergency medical services
according to the Israeli Ministry of Health’s guidelines
for symptoms and close contact with Covid-19 positive
subjects.

Data were collected from the LHS computerized data-
base and include demographics for the entire cohort.
Socioeconomic status (SES) was defined according to the
child’s home address, using the Israeli Central Burecau of
Statistics’ classification which includes 20 subgroups.
Classifications one to nine were considered low-medium
SES, and 10 to 20 were considered medium-high SES.
The data also included smoking and obesity status, and
other relevant diagnoses such as: asthma, COPD, diabe-
tes, hypertension as well as other chronic medical diagno-
ses (including somatic and psychiatric disorders).

ADHD was diagnosed according to the Isracli Ministry
of Health criteria, which follows the international require-
ments for evaluation. The diagnosing physician must be a
senior physician, who has a specialty in the ADHD field
(child or adult psychiatrists, child or adult neurologists,
or pediatricians and family physicians with certified
ADHD training). The diagnosis is established according
to the American Psychiatric Association’s Diagnostic
and Statistical Manual (DSM-IV or 5, depending on the
year of the diagnosis) criteria (American Psychiatric
Association, 2013).

We hypothesized that the risk of being infected by
Covid-19 may be affected not only by having ADHD diag-
nosis, but also by the treatment status.

Subjects, who purchased at least three consecutive pre-
scriptions of ADHD medication during the past 12 months
were defined as medically-treated ADHD subjects. The
most prevalent medications were stimulants (92.9% stimu-
lants, 7.1% non-stimulants), hence we referred to the medi-
cations as stimulants.

All the psychiatric diagnoses were based on the
International Classification of Disease, ninth revision
(ICD-9) or 10th revision (ICD-10) codes, as is required by
all Isracli Health Maintenance Organizations (HMOs).
The psychiatric diagnoses in the electronic health records,
in addition to ADHD, included autism spectrum disorder
(ASD), depressive disorders, anxiety disorders, schizo-
phrenia, and dementia.

The study protocol was approved by the Shamir
Medical Center Review Board and the Research Committee
of LHS.
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Statistical Analysis

Statistical analysis was conducted using STATA 12 soft-
ware (StataCorp LP, College Station, TX). Assumptions
were two sided with an o of .05. Initial analysis compared
demographic characteristics between the study groups (pos-
itive vs. negative Covid-19 tests), using Student’s #-test and
Fisher’s exact 2 test for continuous and categorical vari-
ables, respectively, based on normal distribution and vari-
able characteristics. Categorical data are shown in counts
and percentages. Data on continuous variables with normal
distribution are presented as mean and 95% confidence
interval (95% CI).

Preliminary evaluation of risk estimates was conducted
by stratified analyses. Subsequently, multivariate logistic
regression was used to estimate the odds ratios (OR) and
95% CI for the independent association between ADHD
and positive PCR test for Covid-19 while controlling for
potential confounders.

Results

Whole Sample: Univariate Analysis of Covid-19-
Positive Versus Covid- 1 9-Negative

This study included 14,022 subjects, aged from 2 months
old to 103 years old, who were tested for Covid-19. Among
them 1,416 (10.1%) had at least one positive result, and
12,606 (89.9%) had only negative results. In a primary uni-
variate analysis, Covid-19-positive (Covid-19-P) subjects
were younger, more likely to be males, and belonged to a
lower SES than Covid-19-negative (Covid-19-N) subjects
(Table 1).

The medical conditions of the sample exhibited several
significant differences between the Covid-19-P and the
Covid-19-N subjects (Table 2). The most prominent ones
were the presence of ADHD (p <.001), dementia (p <.001),
hypertension (p <.001), and chronic lung disease (p <.001)
(Table 2).

In the univariate analysis, the likelihood of Covid-19
infection was positively associated with having a diagnosis
of ADHD [crude OR of 1.47 (95% CI 1.26-1.71, p <.001)],
being younger than 20 years old [crude OR of 1.78 (95% CI
1.57-2.03, p <.001)], being male [crude OR of 1.16 (95%
CI 1.04-1.29, p<.05)] and being part of the low-medium
SES group [crude OR 0f2.41 (95% CI2.06-2.83, p <.001)].
The likelihood of Covid-19 infection was negatively associ-
ated with having a diagnosis of depression/anxiety [crude
OR 0of 0.77 (95% CI 0.62—0.96, p <.001)], dementia [crude
OR of 0.55 (95% CI 0.38-0.79, p <.001)], diabetes melli-
tus [crude OR of 0.83 (95% CI 0.71-0.98, p<<.001)],
hypertension [crude OR of 0.83 (95% CI 0.71-0.98,
p<.001)] and chronic lung disease [crude OR of 0.61 (95%
CI 0.49; 0.75, p<.001)] (Table 3). After controlling the

demographic and the medical variables in a multivariate
analysis, the adjusted odds ratio of ADHD increased to 1.58
(95% CI 1.27-1.96, p <.001), emphasizing the significance
of the association between ADHD and Covid-19. The posi-
tive association of Covid-19 infection with male gender,
age below 20years and low-medium SES group remained
significant, adjusted OR of 1.18 [(95% CI 1.01-1.37,
p<<.05)] 2.08 [(95% CI 1.61-2.68, p<<.001)], and 1.96
[(95% CI 1.63-2.36, p <.001)], respectively. The negative
association of Covid-19 infection remained significant only
with having a chronic lung disease [adjusted OR of 0.58
(95% CI 0.45-0.76, p<.001] (Table 3).

Among the 1,699 subjects with a diagnosed ADHD, 418
(24.6%) have purchased during the last 12 months at least
three prescriptions of ADHD medications and were defined
as treated. About 92% of the medications were stimulants.

In order to clarify the effect of ADHD pharmacotherapy,
the sample was stratified to three strata: non-ADHD, treated
ADHD, and untreated ADHD. The subjects with treated
ADHD had no additional risk of Covid-19 [crude OR of
1.07 (95% CI1 0.78; 1.48, p=.65)], compared to non-ADHD
subjects (a reference group), while the risk of subjects with
untreated ADHD was significantly increased [crude OR of
1.61 (95% CI 1.36-1.89, p<.001)] (Table 4).

After an adjustment for possible confounders, the asso-
ciation between ADHD treatment and the risk of infection
with Covid-19 became more prominent for untreated
ADHD versus treated ADHD [adjusted OR 1.68 (95% CI
1.37-2.10, p<.001 vs. adjusted OR 0.85 (95% CI 0.54—
1.34, p=.707), respectively] (Table 4, Figure 1).

Sensitivity Analysis in Subjects Aged 5 to
20Years

A selected group of subjects aged 5 to 20years, ages in
which ADHD diagnosis is more prevalent, was analyzed
separately, as a sensitivity analysis. In this restricted popu-
lation the ADHD prevalence became larger, both among
Covid-19-P and Covid-19-N patients (28.14% vs. 18.85%,
p <.001), with increasing odds of the ADHD subjects to be
infected with Covid-19 [adjusted OR 1.92 (95% CI 1.46—
2.53, p<.001)].

The Impact of Medications Within the ADHD
Group

In order to strengthen the effect of pharmacotherapy on
Covid-19, an analysis of the ADHD population, treated ver-
sus untreated was performed separately. The group of
treated ADHD subjects was younger, 22.6years (95% CI
21.4-23.7) versus 26.2 years (95% CI 25.6-26.7) but there
was no other significant difference in any demographic
variable.
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Table |. Demographic Characteristics of the Study Sample Stratified by COVID-19 Tests Results.

Covid- 19 positive

Covid-19 negative

Demographics Total n=1,416 (10.1%) n=12,606 (89.9%) p value
Mean age (years, 95% CI) 38.94 (38.57-39.29) 35.58 (34.49-36.67) 39.31 (38.92-39.70) <.001
Age categories N (%)

<20years 2,424 (17.29%) 366 (25.85%) 2,058 (16.33%) <.001

21-40years 5,559 (39.64%) 488 (34.46%) 5,071 (40.23%) .065

41-60years 3,379 (24.10%) 349 (24.65%) 3,030 (24.05%) .082

>60years 2,660 (18.97%) 213 (15.04%) 2,447 (19.39%) 054
SES N (%)

Low 9,295 (72.24%) 1,115 (78.74%) 8,180 (64.89%) <.001

High 3,571 (27.76%) 191 (13.49%) 3,380 (26.81%) <.001
Gender N (%)

Male 7,340 (52.35%) 789 (55.72%) 6,551 (51.97%) <.001

Female 6,682 (47.65%) 627 (44.28%) 6,055 (48.03%) <.001
Note. Cl=confidence interval; SES =socioeconomic status.
Table 2. Psychiatric and Somatic Comorbidities of the Study Sample Stratified by COVID-19 Tests Results.

Covid-19 positive Covid-19 negative

Variable Total n=1,416 (10.1%) n=12,606 (89.9%) p value
ADHD N (%) 1,699 (12.12%) 230 (16.24%) 1,469 (11.65%) <.001
ASD N (%) 53 (0.38%) 5(0.35%) 48 (0.38%) 872
Depression and anxiety N (%) 1,155 (8.24%) 94 (6.64%) 1,061 (8.42%) .042
Schizophrenia N (%) 264 (1.88%) 26 (1.84%) 238 (1.89%) .892
Dementia N (%) 542 (3.87%) 32 (2.26%) 510 (4.05%) <.001
Obesity N (%) 2,963 (25.18%) 307 (26.31%) 2,656 (25.06%) .350
Diabetes mellitus N (%) 2,094 (14.94%) 183 (12.96%) 1,911 (15.16%) .003
Hypertension N (%) 2,628 (18.74%) 199 (14.05%) 2,429 (19.27%) <.001
Chronic lung disease N (%) 1,512 (10.78%) 101 (7.13%) 1411 (11.19%) <.001
Smoking® N (%) 2,296 (16.37%) 254 (17.94%) 2,042 (16.20%) .099

Note. ASD =autism spectrum disorder; Chronic lung disease =asthma and COPD.

228.55% missing data.

Table 3. Odds Ratios of the Probability of the Various Clinical Diagnoses of the Whole Sample to be Associated With Covid-19

Infection.

Variable Crude OR (95% ClI) p value Adjusted OR (95% ClI) p value
ADHD 1.47 (1.26-1.71) <.001 1.58 (1.27-1.96) <.001
Age <20years 1.79 (1.57-2.03) <.001 2.08 (1.61-2.68) <.001
Male gender 1.16 (1.04-1.29) <.001 1.18 (1.01-1.37) <.001
Low-medium SES 241 (2.06-2.83) <.001 1.96 (1.63-2.36) <.001
Obesity 1.07 (0.93-1.23) .350 1.12 (0.95-1.32) 177
ASD 0.93 (0.37-2.33) 872 1.39 (0.40-4.85) .603
Depression/anxiety 0.77 (0.62-0.96) .008 1.09 (0.84-1.40) .528
Schizophrenia 0.97 (0.65-1.46) .892 1.21 (0.75-1.96) 439
Dementia 0.55 (0.38-0.79) <.001 0.65 (0.39-1.07) .087
Diabetes mellitus 0.83 (0.71-0.98) .042 1.00 (0.80-1.25) .986
Hypertension 0.69 (0.59-0.81) <.001 0.83 (0.66—1.04) .103
Chronic lung disease 0.61 (0.49-0.75) <.001 0.58 (0.45-0.76) <.001
Smoking 1.13 (0.98-1.31) .099 0.95 (0.74-1.16) .075

Note. OR = odds ratio; Cl=confidence interval; SES = socioeconomic status; ASD =autism spectrum disorder; chronic lung disease =asthma and COPD.
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Table 4. ORs of the Whole Sample to be Infected by Covid-19 Stratified by Having ADHD and Being Treated.

Covid-19 positive Covid-19 negative

Variable n=1,416 (10.1%) n=12,606 (89.9%) Crude OR (95% ClI) Adjusted OR (95% ClI) p value
Non-ADHD 1,186 (83.76%) 11,137 (88.35%) | (reference group) | (reference group)
ADHD-treated? 43 (3.04%) 375 (2.97%) 1.07 (0.78-1.48) 0.85 (0.54-1.34) .707
ADHD-untreated 187 (13.21%) 1,094 (8.68%) 1.61 (1.36—1.89) 1.68 (1.37-2.10) <.001
Note. Cl=confidence interval.
*Treated ADHD—ADHD treated with pharmacotherapy.
ADHD untreated ** - —_— - 1.68(1.37,2.10)
ADHD treated - — 0.85(0.54, 1.34)
Non-ADHD 4 reference group
0 05 1 L5 2 25
Adjusted odds ratio (95% CI)

Figure |. Adjusted odds ratios (error bars indicate 95% confidence intervals) for being Covid-19 positive in ADHD treated and

untreated patients.

Note. Treated ADHD—ADHD treated with pharmacotherapy. Cl = confidence interval.

Hkp < 001

Treated ADHD subjects had a significantly lower likeli-
hood to be infected by Covid-19, as compared to the
untreated ones [adjusted OR of 0.63 (95% CI 0.42-0.94
p<<.001)] (Table 4, Figure 1).

Discussion

Vulnerability to Covid-19 infection is still not well
understood and the information about it is scarce, thus
the best way to tackle it is through a focus on high-risk
groups. This study examined the possible risk factors,
from demographic ones, as age and gender, to the medi-
cal ones. The studied population included all the sus-
pected subjects of an Israeli HMO in the first 2 months of
the epidemic, who were tested for Covid-19, and the
infection rate was found to be 10.1%. It is interesting to
note that the Covid-19 positive patients tended to be
younger, to be males and from a lower SES group. The
tendency toward a lower SES group could be explained
by the higher density of the population in this strata.
These findings are consistent with other urban reports
such as in New York City where there was a higher likeli-
hood for a positive test amongst those who live in lower
SES neighborhoods and those who live in larger house-
holds (Borjas, 2020).

The independent association between young age and
increased likelihood of Covid-19 infection early in Israel’s
Covid-19 outbreak has been poorly reported elsewhere due
to lack of early widespread testing. However, a similar dis-
tribution amongst young adults has been reported in South
Korea, a country who also applied early vigorous testing
(Shim et al., 2020). Similarly, the initial low case fatality
rate in England may have been a reflection of the relatively
young age structure of early infections (Dowd et al., 2020).
This association may be related to risky behaviors such as
the attendance of mass gatherings as well as the tendency of
this age group to cling together, remaining non-compliant
with social distancing measures. For instance, in Korea’s
recent Covid-19 “second wave,” hundreds of infections
have been linked to nightclubs and other entertainment ven-
ues, which saw large crowds in early May after officials
relaxed social distancing guidelines (Gang-lip, 2020).
Moreover, an adjustment for age younger than 20 years old
in a multivariate logistic regression analysis increased the
odds ratio of association between the previous diagnosis of
ADHD and the risk of being infected with Covid 19.

Medical conditions, like diabetes, hypertension, and
chronic lung diseases that were considered to be associated
with increased rate of fatality (Docherty et al., 2020) were
not linked to an elevated rate of infection in this study. This
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is most probably due to the strict “stay at home” restrictions
that were particularly stressed in this vulnerable population
(Centers for Disease Control and Prevention, 2020b; Israel
Ministry of Health, 2020b).

On the other hand, mental health problems were not
identified as possible risk factors for Covid-19 infection. It
was found that in contrast to all the other mental health
disorders that were assessed, only the rate of ADHD was
significantly higher among the Covid-19-P subjects, irre-
spective of age, gender, SES and the presence of other
chronic mental and physical disorders. This finding is
especially robust, since most of the diagnosed ADHD
patients are children (Ginsberg et al., 2014a, 2014b), and
that the pediatric population accounted for less than 2% of
Covid-19 identified cases during the same time period
(Centers for Disease Control and Prevention, 2020c; Lu
et al., 2020). Thus, it seems that ADHD by itself is a plau-
sible risk factor for this infection.

One possible explanation of the significant vulnerability
of ADHD subjects to be infected by Covid-19 may be
ascribed to the inattentive, hyperactive, and impulsive char-
acteristics of ADHD. These characteristics of ADHD inter-
fere with the ability to comply with WHO demands for the
prevention of Covid-19 infection. Interestingly, other tested
psychiatric disorders did not have the same effect on the
rate of Covid-19 infection. Noteworthy, schizophrenia that
shares some of the clinical characteristics of ADHD such as
distractibility, inattention in addition to impaired judgment,
was not associated with significant elevated risk for infec-
tion with Covid-19 (Table 3). Another characteristic of peo-
ple with ADHD is their difficulty in taking orders and to be
disciplined. Thus, it may be that their compliance to the
restrictions that were imposed on the population was lower,
thus increasing their vulnerability to be infected.

In addition, the rate of Covid-19-P tests was significantly
higher in untreated ADHD subjects, while in ADHD sub-
jects treated with pharmacotherapy the rate was even lower
than that of non-ADHD subjects. This finding indicates the
possible protective role of pharmacotherapy in the attenua-
tion of Covid-19 transmission.

The notion of dysregulated behavior as a cause for
increased risk for infection with Covid-19 is supported by
the reduced rate of infection in ADHD treated patients, as
compared to the higher rate of infection in the untreated
ones. Therefore, it is suggested that physicians will educate
parents, as well as young and adult ADHD patients on the
potential for increased risk, as well as risk amelioration
through medication.

Strengths and Weaknesses

The main strengths of the study were its large size, and its
real-world, population-based nature. An additional strength
is the inclusion of a multitude of variables that may affect

the likelihood for infection with Covid-19, independently
of ADHD, which have not been previously been examined
before in such detail.

However, there were major weaknesses of the study,
especially its retrospective database design. Furthermore,
relevant clinical variables such as the severity of ADHD
symptoms, or its presentation (predominantly inattentive,
predominantly hyperactive or combined) were not available
in the electronic recorded data.

In addition, data regarding the presenting symptoms and
severity of Covid-19 infection, as well as adverse clinical
outcomes (hospitalization and mechanical ventilation) were
not assessed.

In conclusion, this study found that ADHD may be a
risk factor for Covid-19 infection, independently of other
risk factors. The pharmacotherapy of ADHD (mostly stim-
ulants) appeared to moderate the risk of infection. This is
an important finding, since it could encourage healthcare
systems to identify this population at risk, to increase their
awareness to the necessary preventive actions, and to guide
their parents, teachers, or personal caretakers to monitor
carefully their behavior and the Covid-19 status. Adherence
to anti-ADHD treatment should be encouraged in an
attempt to reduce the spread of Covid-19 infection (Cortese
et al., 2020). Large-scale replicative studies in non-Israeli
populations, including assessments of the severity of
ADHD symptoms, the pharmacological status and the
presence of comorbid disorders that are common in ADHD,
such as oppositional defiant disorder, conduct disorders, tic
disorders, learning disabilities, and substance use disorders
are warranted.

All the data related to this study can be accessed follow-
ing approval of Leumit health services.
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