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‘What is already known about this topic?
GH deficiency (GHD) may be accompanied by sleep problems, mood and behavior problems, impairments in cog such as
attention and memory, and developmental delay in children. It is suggested in the literature that growth hormong§ can affe@t individuals'
psychological well-being, memory, and cognitive functions by affecting different areas in the central nervo, gh specific receptors.
which growth hormone
ive functlons an important

exerts its effects, are important for cognitive functions such as attention and memory. However, studie
element of cognitive functions, in children with GH deficiency are limited.

‘What this study adds to the literature?
Based on this literature gap, we evaluated executive function skills in children with isolated GH defigiency (IGHD). Executive function skills
may influence academic success by affecting children’s language skills, mathematical chensionj®tognitive flexibility, and hypothetical
thinking. Therefore, we think it would be useful concerning a holistic approach if the department evaluated the children we diagnosed
with isolated GH deficiency (GHD). We think that psychiatric evaluation of IGH bre and during treatment will make positive
contributions to both their academic and social relationships.

ABSTRACT
Objectives This study aims to evaluate executive functions such as i

Methods: A total of seventy children between the ages of 7 an
performances of the participants, the Visual Aural Digit Span

also evaluated using the Behavior Rating Inventory of Exeguti (BRIEF).

Results: Children with IGHD received lower scores o inistered to assess short-term memory (p<0.05). And, the completion
time for the Stroop-color/word test was significantly children with IGHD (p<0.05). Children with IGHD were determined to receive

higher scores on all sub-scales of the BRIEF scalg i i

(VADS-B) and Stroop task were applied. Executive functioning was

Conclusions: We determined poorer executiveyfung ills in children with IGHD. Executive function skills may influence academic success
by affecting children’s language skills, al comprehensmn cognmve ﬂex1b111ty, and hypothetlcal thlnkmg Therefore we think that
psychiatric evaluation of children wit
social relationships.

Keywords: Executive Function ds@late owth Hormone deficiency,

Turkey
0000-0001-7195-229

gulsumyitik@gma’
18.10.2023

1. Introduction

Executive functions (EF) define high-level cognition associated with regulating and controlling cognitive processes. These functions include
various cognitive skills that are needed for the planning and maintenance of thoughts and behaviors in line with a goal, such as orienting
attention, inhibition of stimuli irrelevant to the goal, holding processed information in an active state, and switching between information (1).
Working memory (WM), inhibition, and cognitive flexibility are among the core components of executive functions (2).

Growth hormone deficiency (GHD) is a significant cause of short stature with a prevalence of 1 in 4000-10000 births (3). GHD can be isolated or
occur with other anterior pituitary hormone deficiencies, congenital or acquired. Clinical findings depend on whether the cause is congenital or
acquired, and whether it is accompanied by other anterior pituitary hormone deficiencies or isolated (3). Congenital causes can be generally
classified as isolated growth hormone deficiency (IGHD), anatomical disorders, and genetic pathologies. Acquired causes include trauma, central
nervous system tumors, radiation, and infiltrative diseases. However, a large majority of GHD cases are idiopathic (3, 4).



GHD may be accompanied by sleep problems, mood and behavioral problems, impairments in cognitive functions such as attention and memory
as well as failure to thrive (5). The literature proposes that growth hormones can affect different areas in the central nervous system via specific
receptors, impacting the psychological well-being, memory, and cognitive functions of individuals (5). Various studies performed on children
with isolated growth hormone deficiency and children with small gestational age (SGA) have found low growth hormone (GH) levels to be
associated with poorer memory and cognitive functions (6). A three-year observational study on children with SGA determined that GH
replacement resulted in the development of a normal head diameter, as well as an improvement in intelligence and psychosocial functioning (7,
8). Studies conducted on adults with GH deficiency showed that GH treatment affected the neuronal signaling pathways associated with attention
and memory in the long term (5, 9). Furthermore, in a follow-up study performed on children with GHD, an increase in the intelligence quotient
(IQ) values associated with fluid intelligence was observed after GH replacement (6). GH was reported to affect the secretion of dopamine and
noradrenaline in experimental animal model studies in rodents (10). It is also found in the cerebrospinal fluid (CSF) as it penetrates the blood-
brain and blood-CSF barrier, and is predicted to affect cognitive processes by mechanisms such as long-term potentiation (LTP) via its receptors

and the insulin-like growth factor I (IGF-I) receptors through which growth hormone exerts its effects are important for cognitiv,
as attention and memory (5).
Upon rev1ew of the literature, no studles evaluatlng executlve functlon skills in chlldren with IGHD were found although

2. METHODS
2.1 Study Sample
The case group of our study included 35 children, aged between 7 and 12 years, who applied to the tertiary care
Erzurum City Hospital) pediatric endocrinology outpatient clinic and were diagnosed with isolated GH def :!

ences University -
endocrinological and

laboratory evaluation. The control group included 35 healthy children aged between 7 and 12 years whg
development; did not have any neurological, psychiatric, genetic, metabolic, or endocrine diseases; and
performance as reported by their teachers. Our study is a cross-sectional study that was approve Lo
planned according to the Helsinki Declaration.

2.2 Procedure

All participants' standing height was measured in quadruplicate using a wall-mounted Harpenden stadiometer accurate to the nearest 1 mm. Also,
a GH stimulation test performed with L-dopa and Clonidine, IGF-1, and IGF-binding 3 (IGFBP-3) levels were measured. The clinical

dgrge-appropriate academic
ethics committee (2022/04-28) and

diagnosis of isolated GH deficiency (IGHD) was defined by height less than the thi il8)and peak GH response <10 ng/ml after one of
two growth hormone stimulation tests using L-dopa, and clonidine. All particip 1agn ith IGHD underwent a Diagnostic and Statistical
Manual of Mental Disorders-V (DSM-V)-based clinical interview to determi diagnoses and comorbid conditions before GH
replacement therapy. According to the psychiatric evaluation, the childre uage and communication skills. As a result of the

Sociodemographic Data Form and the Behavior Rating Inventory of on (BRIEF)-Parent Form. All children participating in the
study underwent the Visual Aural Digit Span- Form B (VADS-B, p test in order. The tests were administered in a quiet and well-lit
room without any interaction. The researcher and the child sat gh two chairs facing each other during the application of both tests. Time was
recorded using a chronometer. The participants had normal or €orrected (8pectacles, contact lenses, etc.) vision and normal hearing. VADS-B was

as presented. If both trials in the sub-test were answered incorrectly, the
the auditory sub-test. In the visual sub-test, a booklet that had one number
per page was shown to children at 1-second int ts that were asked to be filled in writing, paper and pencil were used and

absfthat were written with black ink on a white background. In the second part, 1nd1v1duals were
aydifferent color on a white background. In the third part, individuals were asked to name the
colors of circles printed in different ¢ he fourth part, individuals were asked to name the colors of neutral words written in different
colors. In the fifth part, the card used i second part was re-used, but the individuals were asked to name the colors of the words. The

2.3 Data Collection Tools
Sociodemographic Data

ptive behaviors in children (13). Scores on 8 different subscales of executive functions can be calculated from this
le was standardized in Turkish by Batan et al. in 2011 (14).

rally and in writing. The scoring considers the number of digits in the number with the most digits that could be accurately
repeated. Higher scores indicate better performance. The test is composed of four main sub-tests that are auditory-oral, visual-oral, auditory-
written, and visual-written sub-tests.

Stroop Test - TUBITAK Basic Sciences Research Group (TBAG) Form: In the literature, the Stroop test is used to assess selective attention and
response inhibition (18). The test focuses on the interference effect and the reaction time associated with incongruence between the color used in
the writing of a word and the color name uttered as the word is read, and offers insight into frontal activation (19, 20). The present study used the
TBAG version of the Stroop test (20). The TBAG version of the Stroop Test, was developed by Kilig et al., and was standardized in 2002 (21). In
light of the studies in the literature, data analysis was performed by taking into account the three sub-sections of the test with the highest
reliability: the reading of color names printed in black (Stroop-word), naming of colored circles (Stroop-color), and naming of the colors of
colored words, here the color and the meaning are incongruent for certain words (Stroop-color/word) (22). The critical part where the interference
effect appears in Stroop tests is the Stroop-color/word section. The test provides completion times for each section, the number of errors, and the
corrected number of responses as scores, and comparisons are made based on the completion time for each test (24).

2.4 Statistical analysis



The categorical data were presented as numbers and percentages. The data for continuous variables were presented as mean and standard
deviation. The Shapiro-Wilk test was used to determine whether the distributions of continuous variables were normal. The mean differences
between two related groups of normally distributed data were compared using the independent sample T-test, while the Mann-Whitney U test was
used to compare the non-normally distributed data. The frequencies of categorical variables were compared using the Pearson Chi-Square, Yates’
Chi-Square, or Fisher's Exact test, when appropriate. Statistical significance was considered when the p-value was<0.05. Statistical analysis was
performed using the Statistical Package of Social Sciences version 21 (IBM SPSS Statistics; IBM Corp., Armonk, NY). Differences in mean
subscores of VADS-B, Stroop TBAG form, and BRIEF were analyzed using the univariate analysis of covariance (ANCOVA) with participant
group as factor and VADS-B, Stroop TBAG form and BRIEF subscores as dependent variables; chronological age (years) was set as a covariate.
3. Results

There was no difference between the groups regarding socio-demographic data including age, gender, delivery time, delivery type, developmental
steps (walking, talking, toilet training), family structure, settlement, and socio-economic status (p>0.05). Characteristics of the case and control
groups including age, gender, and height are presented in Table 1.

Children with IGHD were found to receive lower scores on the Visual Aural Digit Span Test (VADS-B) that was administered t,

Children with IGHD were determined to receive higher scores on all sub-scales of the BRIEF scale completed by the paréh
with statistically significant differences for all sub-scales except for “organization of materials” (p<0.05) (Table
4. Discussion

The mechanisms underlying the relationship between GH and cognitive functions are still not completely clear.

of GH on cognitive performance emphasized that
l@arning and memory and therefore cognitive

Axis and memory performance between two groups with high and 1
a working memory task were similar between the two groups, th

4 elderly adults and determined that, although error rates on
GF-I levels had faster memory performance with more blood flow

working memory task, the imaging results of adults wit
prefrontal cortex (PFC), anterior cingulate cortex, pari

another study, those with childhood-onset G
with adult-onset GH deficiency (33). The
IGHD. The difference in the errors on
study. This may be attributed to the a
echanisms in childhood (34).
udy was self-regulation or inhibitory control, which is defined as the ability to suppress irrelevant

ponents of other executive functions such as shifting, emotional control, initiating, planning/organizing, and
in our study with the BRIEF sub-scales. In line with the results of our study, a meta-analysis reported that GH
neurocognitive networks associated with attention and executive function (33). Also, it has been generally

s and attention improve after GH replacement (35). Further studies employing different neuropsychological tests
ing are needed to evaluate the effects of GH deficiency on the executive functions of children in more detail.

test also provides information regarding selective attention (24). In the present study, we determined poorer selective
with isolated GH deficiency. GH is thought to enter a mutually excitatory interaction with dopamine (DA) and influence the

deficiency cause
emphasized that co

conflict monitoring, working memory, and selective attention by causing DA deficiency (22). Sartorio et al. reported that children with IGHD had
certain academic impairments, especially learning difficulties and attention deficit disorders (36). Although different studies that used the Stroop
test to evaluate the relationship between GH and attention did not find a significant difference (36-38); studies that used different measurement
tools such as the trail-making test (TMT), the divided attention task, and the Go/no go task obtained significant results (26, 34, 39). In line with
the results of our study, a review on GH and selective attention stressed that GHD was associated with poor selective attention (40). Prospective
studies that will evaluate cases of childhood-onset GHD in adulthood are needed to better understand the relationship between GH and selective
attention.

5. Limitations

Our study has several limitations. The first of these is that the executive function skills of cases with isolated GH deficiency participating in our
study could not be evaluated after GH replacement. One of our limitations is that the scales used to evaluate executive functions vary in the
literature. Another limitation is that the parent-child relationship, attachment, and parental attitudes, which are known to affect executive function
skills, were not evaluated in the study. Further studies are needed in this context (33). Lastly, the participants were administered



neuropsychometric tests, however neuroimaging methods such as fMRI were not used. Follow-up studies that will use similar scales, incorporate
neuroimaging methods, and encompass the childhood period, the treatment process, and the adulthood period are needed to better understand the
relationship between GH deficiency and executive function skills.

Despite all of these limitations, our study is the first that has examined executive functions in school-age children with isolated GH deficiency
based on both performance and parent reports. In this context, we think that it will contribute to the literature on isolated GH deficiency.

6. Conclusion

We determined poorer executive function skills in children with IGHD. Executive function skills may influence academic success by affecting
children’s language skills, mathematical comprehension, cognitive flexibility, and hypothetical thinking. Therefore, we think that a holistic
approach, including psychiatric evaluation, would be beneficial for children with IGHD. We think that psychiatric evaluation of children with
IGHD before and during treatment will positively contribute to both their academic performance and social relationships.
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Table 1. Age, gender, and height distribution of the participants

IGHD group p-value
(mean+SD)

Age (years) 9,6 £1,8 08
Male (n:16)

Height (cm) 117,6 (-3,01) (-0,31) <0,001

Age (years) 9,5+1,7 +1,7 0,8
Female (n:19)

Height (cm) 115,7 (-3,14) 134,3 (-0,11) <0,001

IGHD: Isolated Growth Hormone Deficiency , p = ProbabilityT significancé?p< 0.05, cm: centimeter
Table 2. Comparison of the VADS-B and Stroop TB est’gsul scores of Children with IGHD and control
Variables Control group p-value ANCOVA
D) (mean+SD)
F p*
VADS-B
Aural-Verbal 5.61 £1.27 6.69 £1.13 0.001 15.030 <0.001
Visual-Verbal 4.30 £0.95 5.31+0.96 <0.001 21.785 <0.001
Aural-Written 5.33 +£1.05 6.26 £1.12 0.002 17.375 <0.001
Visual-Written 4.82 £1.01 5.46 £0.82 0.002 9.287 0.003
19,47+5.02 23.71+3.34 <0.001 22.184 <0.001
Completion time (sec.) 12.69 +£6.09 11.10 £3.47 0.615 2.985 0.09

Stroop -color Completion time (sec.) 17.78 £6.62 15.87+4.5 0.390 3.346 0.073
Stroop-color/word | Completion time (sec.) 36.31 £10.29 30.83 £10.69 0.011 9.532 0.003

Analysis of covariance (ANCOVA) was used for comparisons between the two groups after adjusting for chronological age (years)
p = Probability of significance, p < 0.05
IGHD: Isolated Growth Hormone Deficiency SD: standard deviation sec: second VADS-B: Visual Aural Digit Span Test-B Form



Table 3. Comparison of BRIEF Scale scores of children with IGHD and control

IGHD group Control group ANCOVA

Variables (mean+SD) (mean+SD) p-value
F p*

BRIEF
Inhibition 22.53 £ 6.46 17 +£2.86 <0.001
Shifting 18.94+£4.19 15.73 £3.56 0.001
Emotional Control 19.91 £4.32 1494+ 3.01 <0.001
Initiate 13.82+£3.25 11.39+2.79 0.003
Working Memory 19.65+5.31 1539+ 4.10 0.001
Plan 2529+ 6.84 19.45+£5.33 <0.001 14.805 <0.001
Organization of materials 12.65 +3.94 1097+ 3.05 0.090 650 0.061
Monitoring 13.53+£3.93 10.76 +2.96 0.0 10.386 0.002
Behavioral Regulation Index 61.38 + 12.69 47.67+7.3 .0 28.637 <0.001
(BRI)
Metacognition Index (MCI) 7229+ 17.6 57+ 13.95 <0.00 15.154 <0.001
Global Executive Composite 133.68+29.29 104.67 #419.6. <0.001 22.070 <0.001
(GEC)
Total Scores 146.35+31.93 3+£2[8 <0.001 18.377 <0.001

Analysis of covariance (ANCOVA) was used for comparisons fetween the two groups after adjusting for chronological age (years)

BRIEF: Behavior Rating Inventory of Executive Functio : Isolated Growth Hormone Deficiency SD: standard deviation

G






