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Abstract
Primary ciliary dyskinesia (PCD) causes a broad spectrum of disease. This study aims to explore the developmental,
behavioral, and social-emotional aspects of preschool-aged children with PCD. Fourteen PCD, 17 cystic fibrosis (CF)
patients and 15 healthy subjects were enrolled. Developmental features of the participants were evaluated with Ages and
Stages Questionnaire. Parents of participants filled out the Child Behavior Checklist (CBCL). The number of children
screened positive for developmental delay was statistically higher in the PCD group. Higher numbers of children with
PCD were screened positive for developmental delay in communication and problem-solving domains. Delay in fine
motor skill domain was more common in children with PCD and CF compared to healthy subjects. There was no
difference among the three groups in terms of gross motor and personal-social development. None of the children in all
three groups was shown to have social-emotional problems. In CBCL, patients with CF had higher internalizing problem
scores. Externalizing and total problem scores did not differ between the three groups. However, among PCD patients,
children with developmental delay on more than one domain had higher externalizing and total problem scores.
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Conclusion: The current study revealed that positive screening for developmental delay is more common in preschool-aged
PCD patients compared to patients with CF and healthy children.
What is Known:
• Intelligence scores of school-aged PCD patients are similar to healthy subjects despite their higher internalizing problem scores on Child Behavior
Checklist (CBCL).
• School-aged PCD patients exhibit higher hyperactivity and inattention findings.
What is New:
• Positive screening for developmental delay in communication, problem-solving and fine motor skills is more common in preschool-aged PCD patients.
• Preschool-aged PCD patients screened positive for developmental delay in more than one domain have higher externalizing and total problem scores
on CBCL.
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Introduction
Cilia are hair-like structures that present on the surface
of many cells. Abnormality in cilia function and structure causes groups of heterogenic genetic diseases called
ciliopathies. Primary ciliary dyskinesia (PCD), the first
defined ciliopathy, is caused by genetic defects in motile
cilia [19]. There are two types of cilia:motile (motor) and
immotile (primary/sensory). Defects of motile cilia,
which is located mainly in the respiratory system,
ependymal cells on the surface of brain ventricles, and
reproductive system, effect fluid mobilization and results
in disease [16, 21]. Sensory cilia, which is present in
almost every cell type of the human body sense extracellular signals and play role in nerve growth, proliferation, and differentiation [16, 19, 27]. In the embryonic
stage, a transient type of motile cilia (nodal cilia) with
B9 + 0^ microtubule arrangement is present. Problems of
nodal cilia, which play role in the left and right body
organization, result in laterality defects that can be seen
in patients with PCD [16].
PCD is a genetically heterogeneous recessive disorder
characterized by congenital impairment of mucociliary

clearance that results in a broad spectrum of disease including chronic oto-sino-pulmonary disease, male infertility,
and organ laterality defects in approximately 50% of cases
[3, 4, 23]. Otorhinolaryngologic symptoms including otitis
media with effusion, chronic rhinosinusitis, and hearing
impairment are common in patients with PCD [28, 32].
Furthermore, hearing problems have been reported to
cause speech delay in PCD patients [29].
PCD was reported to have a negative impact on physical, emotional, and social functioning of patients [7, 8].
Although developmental, behavioral, and socialemotional perspectives of preschool children with PCD
have not been studied yet, there are a few studies focusing
on school-aged PCD patients [10, 30]. Carotenuto et al.
[10] presented that school-aged children with PCD experience anxiety and depression and have more internalizing
problems. However, they did not find any difference in
the intelligence scores between healthy subjects and PCD
patients [10]. Another study, on the other hand, reported
increased hyperactivity and inattention findings in
school-aged children with PCD [30]. Moreover, patients
with PCD may suffer from obstructive sleep apnea syndrome, which is known to cause neurocognitive dysfunction in childhood [17].
Based on clinical observation, we hypothesized that
PCD may have potential effects on the developmental
and behavioral status of young children. The objective
of this study is to explore and describe the developmental,
behavioral characteristics, and social-emotional status of
preschool-aged children with PCD and compare their results with same age group cystic fibrosis (CF) children
and healthy controls. Since the first few years of life is a
critical period of development of the brain [37], it is vital
to find out developmental and behavioral problems and
intervene adverse circumstances at early childhood.
Therefore, investigation of the potential negative effects
of PCD on developing child is crucial. The current study,
to the best of authors’ knowledge, is the first reporting the
developmental and behavioral aspects of preschool children with PCD.
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Material and methods
Population
All of the preschool PCD patients (n, 15) followed at Hacettepe
University Pediatric Pulmonology Department were invited to
enroll the study. Excluding the one with known neurologic disease, 14 patients were included in the current study. A control
group of 17 CF patients without any known neurodevelopmental
problems was randomly selected among the children treated for
CF in the period of study. Moreover, 15 healthy children were
randomly selected from general pediatrics clinic. Patients with
CF were included in the study to enable a comparison with
another chronic pulmonary disease. Children were examined in
a period of better health conditions (without upper respiratory
tract infections and pulmonary exacerbations). PCD was diagnosed in patients with specific symptoms (respiratory distress at
neonatal period, daily non-seasonal nasal congestion, daily wet
cough begins in infancy, persistent middle ear effusions, laterality
defects) by analyzing high-speed video microscopy and/or abnormal ciliary ultrastructure via electron microscopy and nasal
nitric oxide [6]. Measurement of nasal nitric oxide (NO) by
NIOX MINO® was performed for only three patients, whose
levels of nasal NO were lower than 15 nl/min. Vidoemicroscopy
examinations demonstrated the presence of immotile cilia in 12
patients, and slow and dyskinetic ciliary beating in other 2 patients. Transmission electron microscopy of respiratory cilia was
analyzed for one patient and the absence of outer dynein arm was
detected. Genetic analysis, which was performed in two patients,
revealed mutations associated with PCD. Most of the patients
were diagnosed at an early age due to the presence of neonatal
respiratory distress and situs inversus or history of sibling with
PCD. All PCD patients were assessed by an otorhinolaryngologist during their routine clinical follow-up and information was
obtained from their medical records. Otoscopic examinations of
all patients were reported to be normal. Hearing tests of all patients were normal except two patients with mild hearing loss
determined on audiometry test. Cardiac pathologies and laterality
defects were also evaluated in all patients. PCD patients were not
able to perform pulmonary function test due to their age. Daily
chest physiotherapy is recommended to all PCD patients and
antibiotics are given for acute respiratory exacerbations.

Evaluation procedures
Children with PCD and CF were evaluated by a multiprofessional team consisting of a child development specialist,
developmental pediatricians, and pediatric pulmonologists. All
children were assessed in terms of developmental, behavioral,
and social-emotional status by a child development specialist
and a developmental pediatrician, who were blinded to the condition of the participants. In this study, researchers asked parents
BHow often do you read books to your child^ and BHow often

do you play or do home learning activities with your child^ and
questioned the screen time of their child to assess the quality of
stimulation in home environment. Children, whose parents replied both questions as Bnot at all and occasionally,^ and with
screen time above 1 h per day, which is the maximum screen
time recommended by American Academy of Pediatrics (AAP)
for children under age of six [25], were accepted to have poor
quality of stimulation in home environment.
Caregivers of children were questioned for child age, gender, ordinal number, primary caregiver age, marital status,
education, and employment status. Socio-economic status
(SES) was measured by utilizing the Hollingshead fourfactor index of social status, based on education and occupation levels of parents [20].

Evaluation tools
All participants were subjected to a play-based observational
evaluation, which was performed by a child development specialist and a developmental pediatrician, to assess developmental
problems, language problems, and autism spectrum disorders.
Although originally the Ages and Stages Questionnaire (ASQ)
is a parent-completed questionnaire, in this study, ASQ was administered via parent interviews in conjunction with the literature
[31]. ASQ has 19 age-specific sub-questionnaires assessing the
development of children in terms of communication, gross motor
skills, fine motor skills, problem solving, and personal-social
skills. While children who score lower than cutoffs in at least
one domain are accepted as screened positive for developmental
delay, ones who score above cutoffs are accepted typically developing [33]. ASQ is increasingly being recommended for the
evaluation of development in clinical practice. Ages and Stages
Questionnaire for Turkish children (ASQ-TR) [22] was used to
assess the development of children in the present study. The
sensitivity and specificity of ASQ-TR are 0.94 and 0.85, respectively [22].
The Ages and Stages Questionnaire:Social-Emotional
(ASQ:SE) is a screening tool designed to be completed by
parents to assess their children’s social-emotional behaviors
in terms of self-regulation, compliance, communication, adaptive behaviors, autonomy, affect, and interactions with people
[34]. The sensitivity and specificity of the Turkish version of
ASO:SE (ASQ:SE-TR) are 0.84 and 0.90, respectively [24].
In this study, questions of ASQ:SE-TR were answered by the
mothers of the participants.
The Child Behavior Checklist for ages 1.5 to 5 years
(CBCL/1.5–5), which is the extended form of the checklist for
the children between the ages 2 and 3, is designed to be completed by parents to score their own child’s behaviors [1, 2, 15].
CBCL/1.5–5 has seven syndrome scores: (i) emotionally reactive, (ii) anxious/depressed, (iii) somatic complaints, (iv) withdrawn, (v) sleep problems, (vi) attention problems, and (vii) aggressive. Moreover, the combination of emotionally reactive,
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anxious/depressed, somatic complaints, and withdrawn scores
constitute the Binternalizing problems score^ and the combination of attention problems and aggressive scores constitute the
Bexternalizing problems score.^ These scores, together with the
seven syndrome scores, and the one item added by the parents,
constitute the Btotal problems score.^ In this study, CBCL/1.5–5
was completed by mothers to evaluate the behavioral problems
of the participants.
Pediatric Sleep Questionnaire (PSQ) is a tool to evaluate
sleep-related breathing disorders in children [11]. PSQ is composed of 22 items evaluating frequency and severity of snoring,
apnea at night sleep, breathing difficulty during sleep, daytime
sleepiness, attention deficit, hyperactivity, and other pediatric obstructive sleep apnea symptoms. The mean of the scores of all
items is the total score of PSQ and the score above 0.33 is usually
accepted positive for sleep-related breathing disorders. In this
study, parents of children with PCD completed the validated
Turkish version of Pediatric Sleep Questionnaire [40] for the
assessment of sleep related breathing disorders.

Statistical analyses
Statistical analyses were performed with the IBM SPSS for
Windows Version 22.0. Numerical variables were summarized
as mean ± standard deviation or median [minimum-maximum].
Categorical variables were given as frequencies and percentages.
Categorical variables were compared by chi square test.
Normality of the continuous variables was evaluated by
Kolmogorov Smirnov test. Differences between the groups according to continuous variables were determined by one way
ANOVA or Kruskal Wallis test as appropriate. Posthoc comparisons were done by Tukey or Connover-Dunn test. Differences
between two independent groups according to continuous variables were determined by Mann Whitney U test. A p value less
than 0.05 was considered as significant.

Results
In the current study, 14 children with PCD (7 boys and 7 girls)
aged 46.5 ± 17.5 months, 17 children with CF (5 boys and 12
girls) aged 51.0 ± 14.7 months, and 15 healthy children aged
48.8 ± 14.0 months (6 boys and 9 girls) were included. Three
of the children in each PCD and CF groups were born between
35 and 36 weeks. None of the children was small for gestational age. Head circumferences of all children were in the
normal range. Neurological examinations of all patients were
normal and none of the patients had a symptom of hydrocephalus in the PCD group. All participants had normal biometry
except one patient in CF group with lower weight for age. In
the CF group, the numbers of patients suffered from vitamin A
and vitamin E deficiency were 2 and 1, respectively. Oxygen
saturation of all patients with PCD and CF were within the

normal range. While the median age at the diagnosis in PCD
group was 16 (1–48) months, it was 2 years (6 months8 years) in the CF group. The median of the number of hospitalizations in PCD and CF patients were 2 (0–8) and 1 (0–8),
respectively. It is worth noting that the CF patient with delay
in more than one domain had only one single hospitalization
at the age of 5 months. While the median of number of hospitalizations in patients with no developmental delay or delay
in only one domain was 2.5 (1–8), it was 1.5 (0–3) in patients
with developmental delay in more than one domain.
Maternal education was higher in the control group than in
the PCD and CF groups (p, 0.01). SES was also higher (lower
Hollingshead-Redlich index) in the control group (p, 0.03).
However, both maternal education and SES did not statistically differ between the PCD and CF groups. PSQ scores of all
the PCD patients were normal. Only one PCD patient had a
slightly higher PSQ score compared to the rest of the group.
However, this patient had normal apnea hypopnea index according to the polysomnography test. Other sociodemographic characters (listed in Table 1) and the quality of
stimulation in home environment, and the status of attending
preschool/kindergarten were not statistically different between
the three groups.
None of the children in the three groups had developmental
evaluation prior to this study. Parents were questioned for
concerns about their child’s development. While five parents
in the PCD group stated concerns about their child’s language
development, parents of children in the CF and the healthy
control groups did not express any concern.
The numbers of children screened positive for developmental delay by ASQ and ASO:SE are presented in Table 2.
All patients with developmental delay were accepted to a developmental follow-up program and referred to early intervention services based on their special needs. None of the healthy
subjects were delayed on any domain of ASQ. The number of
children with a developmental delay at least in one of the
domains of ASQ was higher in the PCD group compared to
both CF group (p, 0.01) and healthy subjects (p < 0.001). It
was also higher in the CF group compared to healthy subjects
(p, 0.04).
Higher number of patients with PCD was screened positive
for developmental delay in more than one domain of ASQ compared to the other groups (p, 0.002). In the PCD group, positive
screening for developmental delay was statistically higher than
the other groups in terms of communication (p, 0.0003) and
problem-solving (p, 0.001). In terms of fine motor delay, there
was no difference between patients with PCD and CF. However,
delayed fine motor skills was more common in children with
PCD and CF compared to healthy subjects (p, 0.002). There
was no difference among the three groups in gross motor and
personal-social domains. None of the children in all the three
groups had a score above the cut-off, which indicates a socialemotional problem in ASQ:SE-TR.
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Table 1 Sociodemographic
characteristics of the three groups
Maternal ageb
Paternal ageb
Maternal education (years)a
Paternal education (years)a
Number of householda
Number of childrena
Birth ordera
Consanguinous marriagec
Hollingshead-Redlich indexa
a

Primary ciliary dyskinesia
(n, 14)

Cystic fibrosis
(n,17)

Healthy children
(n,15)

p value

31.7 ± 5.8
35.1 ± 6.9
8.0 (0–16)
8.0 (5–16)
4.5 (3–7)
2.0 (1–5)
2.0 (1–5)
7 (50%)
4.0 (2–5)

33.5 ± 6.3
37.5 ± 7.9
8.0 (1–16)
11.0 (2–16)
4.0 (2–10)
2.0 (1–3)
2.0 (1–3)
8 (47%)
4.0 (2–5)

34.0 ± 4.7
36.5 ± 4.6
14.0 (5–16)
16.0 (3–16)
4.0 (3–6)
2.0 (1–4)
1.0 (1–4)
2 (13%)
3.0*(2–5)

0.531
0.616
0.019
0.770
0.642
0.418
0.438
0.069
0.037

Median values and minimum-maximum values are presented

b

Mean values and standard deviations are presented

c

Percentages are presented

*Group, which makes the statistical difference

The PCD patients were divided into two groups: (i) patients
with no delay or screened positive for developmental delay in
only one domain (n, 8) and (ii) patients screened positive for
developmental delay on more than one domain (n, 6). Patients
who have developmental delays on more than one domain had
lower SES (higher Hollingshead-Redlich index) than the other
PCD patients (p, 0.04). Respiratory and ear-nose-throat problems of these two groups are presented in Table 3. Statistical
analysis could not be performed between these two groups
due to the small sample size. None of the patients with developmental delay on more than one domain had hearing impairment. Clinical severity of disease was similar among PCD
patients in either group. Pediatric Sleep Questionnaire scores
of all PCD patients were below 0.33.
In terms of behavior problems, patients with CF had statistically higher internalizing problem scores on CBCL compared to healthy subjects (p, 0.03), but not higher compared
to PCD patients (p, 0.33). CF and PCD patients had higher
internalizing, externalizing, and total problem scores than
Table 2 Distribution of the
number of children with delay in
the domains of the Ages and
Stages Questionnaire
Communication
Gross motor
Fine motor
Problem solving
Personal-social
Social emotional
Delay in any domain
Delay in more than one domain

healthy controls. On the other hand, problem scores of the
three groups were not statistically different (see Table 4).
Among PCD patients, children with developmental delays
on more than one domain had statistically higher (p, 0.043)
externalizing and total problem scores (p, 0.02) compared to
PCD patients with no delay or delay in only one domain.

Discussion
Defining the developmental risks in early childhood is vital
for the referral of child to early intervention services timely.
Early detection of developmental and behavioral problems is
also crucial for better academic and psychosocial outcomes of
children with PCD. However, the literature lacks in terms of
the data regarding developmental status of preschool-aged
children with PCD. The present study, which questioned the
possible effects of PCD on development and behavior of
children, revealed that positive screening for developmental

Primary ciliary dyskinesia
(n, 14)

Cystic fibrosis
(n, 17)

Healthy subjects
(n, 15)

p values

6*
1
7*
5*
3
0
11*
6*

0
0
5*
0
1
0
5
1

0
0
0
0
0
0
0
0

0.0003
0.297
0.002
0.001
0.810

*Group, which makes the statistical difference

< 0.001
0.002
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Table 3 Distribution of the number of the clinical characteristics of
PCD patients according to developmental delay in Ages and Stages
Questionnaire
Number of patients with
no developmental delay
or delay in only one
domain (n, 8)

Number of patients with
developmental delay in
more than one domain (n,
6)

Persistent rhinitis

4

4

Recurrent sinusitis
Recurrent
pneumonia
Bronchial
hyperreactivity
Recurrent upper
airway
infections
Nasal polyposis

1
5

0
2

6

3

7

1

1

0

4

1

5

0

2

0

6

5

0

1a

2

1

7

5

6

3

0

1

0

0

Recurrent middle
ear problems
History of hearing
loss
Current mild
hearing loss
Situs inversus
totalis
Major cardiac
defect
Prematurity
Hospitalization in
the newborn
period
Hospitalization in
the first year of
life
Exacerbations
requiring
hospitalization
in the last year
High score of
Pediatric Sleep
Questionnaire
a

Left-transposition of great arteries, ventricular septal defect

*Hypothesis test could not be done due to the insufficient number of
patients in each groups

delay is more common in patients with PCD compared to
both patients with CF and healthy subjects.
Table 4 Internalizing,
externalizing, and total problem
scores on the Child Behavior
Checklist

Internalizing problem scorea
a

Externalizing problem score
Total scorea

In terms of behavioral problems, children with CF were reported to have more internalizing problem scores on Child
Behavior Checklist [36, 38]. While higher internalizing problems
scores of CBCL in school-aged PCD patients were reported in
the literature [10], evaluation of the behavioral profile of
preschool-aged PCD patients remain absent. In accordance with
the literature, the current study presented statistically higher internalizing problem scores of patients with CF compared to
healthy controls. Although internalizing, externalizing and total
problem scores of PCD patients were higher than healthy controls, scores were not statistically different. However, within the
PCD group, patients with developmental delay in more than one
domain had higher externalizing and total problem scores compared to the remaining patients with PCD. In conjunction with
the literature, where behavioral problems were reported to be
more common in children with developmental delay [5, 14], this
study revealed that PCD patients with more developmental problems tend to have higher behavioral problem scores.
The children of parents with higher SES are known to have
higher quality of home environment and better developmental
outcomes. Therefore, the current study considered SES as a potential factor influencing developmental status of children, and,
within the PCD group, we found that patients with the delay in
more than one developmental domain tended to have lower SES.
However, PCD and CF groups did not differ in terms of SES and
quality of home environment. Therefore, it would be misleading
to associate the high frequency of potential developmental delay
of the PCD group solely with SES. Preschool-aged children with
chronic illness were reported to have higher risk of vulnerability
on all developmental domains [9]. This study investigated two
different chronic illnesses, PCD and CF, in terms of all developmental domains. Developmental delay in fine motor skills was
higher in both PCD and CF groups compared to healthy subjects.
There are conflicted results in previous studies on motor development of children with CF. While motor performance was
found to be normal in preschool children with CF in a study
[18], another study reported gross and fine motor delays in CF
children [12]. Developmental delay on gross motor domain was
observed in neither PCD nor CF groups in the current study. Fine
motor abilities can vary based on whether a child has had exposure to tools that require fine motor skills such as scissors, pencils
etc. The authors speculate that the higher number of children
with delay in fine motor skill domain in the CF and PCD groups

Primary ciliary dyskinesia
(n, 14)

Cystic fibrosis
(n, 17)

Healthy subjects
(n, 15)

p value

12.9 ± 6.0
12.1 ± 8.3
39.6 ± 15.7

16.6 ± 7.5*
12.1 ± 7.1
43.9 ± 17.6

9.9 ± 7.5
10.7 ± 4.8
32.6 ± 17.5

0.035
0.811
0.181

*Group, which makes the statistical difference
a:

Mean values and standard deviations
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may be associated with the presence of a chronic illness and/or
lower SES of children and/or decreased exposure to activities
developing fine motor skills.
In the literature, there are few reports on the cognitive profile of PCD patients. Carotenuto et al. [10] found no differences in terms of intelligence scores between 10 school-aged
PCD patients and 34 healthy subjects. On the other hand,
another study showed higher hyperactivity and inattention
findings in school-aged PCD patients without intelligence assessment [30]. In this study, children screened positive for
delays in communication and problem-solving domains were
only in the PCD group. Furthermore, it should be noted that
five parents who had concerns about their child’s development
were in the PCD group and there were no parents with a
developmental concern in the other two groups.
Although motile and sensory cilia are structurally similar to
each other, their defects have distinct clinical manifestations
[19, 26]. It has been shown that overlap can be present between sensory and motor ciliopathies [16]. Motile cilia was
found to express sensory bitter taste receptors similar to
tongue, which means it has sensory functions [21]. In the
literature, concomitance of retinitis pigmentosa, which is one
of the sensory ciliopathies, and PCD was reported in a few
cases [13]. Moreover, it was reported that the risk of bronchiectasis increases in adults with autosomal dominant polycystic
kidney disease, which indicates accompanying motile cilia
dysfunction [16]. Furthermore, there are a few case reports
of patients with Usher syndrome having PCD findings [21].
Nearly half of the PCD patients have situs inversus, although
PCD is a result of a genetic defect in motile cilia [16, 19].
Embryonic node, which is responsible for laterality defects,
was reported to include both motile and non-motile cilia. Nonmotile cilia play role in the sensation of the flow, while motile
cilia are responsible for the extra-embryonic fluid movement
[16]. Therefore, PCD patients with laterality defects may have
a higher risk of developing concomitant sensory cilia defects.
In our cohort, which included only preschool-aged PCD patients, laterality defects were found to be more frequent than
previous studies probably due to the fact that children with
laterality defects diagnosed with PCD earlier. On the other
hand, ependymal cells on the surface of cerebral ventricles
are lined by motile cilia, which have role in cerebral spinal
fluid movement. Although cerebral ventriculomegaly and hydrocephalus were shown in animal models with PCD and
enlargement of ventricles or hydrocephalus was rarely reported in PCD patients [39], none of PCD patients had a symptom
of hydrocephalus in the current study.
In our cohort, the number of the patients who were screened
positive for developmental delay was higher in the PCD group.
Contrary to expectations, this finding was not related to hearing
impairment or the severity of the disease. On the other hand,
mutations of DYX1C1, which is associated with dyslexia and
neuronal migration in the developing neocortex, were reported in

PCD patients [35]. In our study population, only two patients had
genetic evaluation and DYX1C1 mutations were not detected in
these two patients. Considering all of the aforementioned studies
and findings of this study, the developmental delay of PCD patients may be attributed to the overlap of sensory and motor
ciliopathies, effects of mutations on neurodevelopment or the
unknown neurodevelopmental effects of motile cilia located in
cerebral ventricles.
ASQ is a screening tool, which limited us to make a definite
conclusion about developmental status of children. However, in
preschool period, to screen children for developmental delays
and identify the children with potential risk of developmental
delay is highly crucial. In the current study, the sample size of
PCD patients was limited due to the inherent challenge of the
early diagnosis of PCD, and we believe that larger sample size
studies and gold standard developmental assessment tools appropriate for this age group are needed to confirm our findings.

Conclusion
To the best of our knowledge, this is the first study exploring
the developmental problems and behavioral characteristics of
preschool children with PCD. The current work revealed that
children who screened positive for developmental delay is
more common in PCD patients compared to patients with
CF and healthy children under 6 years of age. Since it is
crucial to find out potential developmental delays and refer
the child to early intervention services in time, clinicians
should closely monitor preschool-aged patients with PCD in
terms of developmental and behavioral problems. Future studies utilizing exact diagnostic tools with larger sample size are
needed to confirm the results presented in the current study.
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