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Abstract:

Background: Thyroid hormones are essential for normal growth, neurodevelopment, energy
metabolism, and maintenance of physiological homeostasis during childhood and adolescence. Thyroid
dysfunction may present with nonspecific manifestations, and biochemical abnormalities may remain
undetected without laboratory assessment. Pediatric thyroid disorders vary considerably according to
age, sex, nutritional status, environmental exposure, genetic background, and population
characteristics. Objective: This study aimed to determine the prevalence and distribution of biochemical
thyroid hormone abnormalities among children and adolescents aged 6-15 years in Tripoli, Western
Libya, and to describe their distribution according to sex and age, together with selected anthropometric
characteristics, symptoms, and family history of thyroid disease. Methods: A community-based cross-
sectional study was conducted among 101 children and adolescents aged 6-15 years residing in Tripoli,
Western Libya. Participants were selected using a random sampling approach. Demographic and
clinical information was collected using a structured questionnaire. Approximately 5 mL of venous blood
was collected from each participant. Serum was separated by centrifugation and analyzed for thyroid-
stimulating hormone (TSH), triiodothyronine (T3), and thyroxine (T4) using an iFlash 1800 automated
analyzer at Al-Reem Laboratory. Hormone concentrations were interpreted according to the laboratory
reference intervals used in the study. Results: Among the 101 participants, 51 (50.49%) were males
and 50 (49.51%) were females. Fifty-eight participants (57.42%) were aged 6-10 years and 43 (42.58%)
were aged 11-15 years. The overall mean TSH concentration was 2.12 + 1.691 plU/mL, mean T3 was
1.32 £ 0.784 nmol/L, and mean T4 was 85.27 * 28.542 nmol/L. TSH concentrations were within the
reference range in 74 participants (73.3%), above the range in 11 (10.9%), and below the range in 16
(15.8%). T3 concentrations were within the reference range in 68 participants (67.3%), above it in 10
(9.9%), and below it in 23 (22.8%). T4 concentrations were within the reference range in 83 participants
(82.2%) and below it in 18 (17.8%); no participant had a T4 concentration above the reference range.
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Conclusion: Most participants had TSH, T3, and T4 concentrations within the laboratory reference
ranges. Nevertheless, biochemical deviations were observed in a proportion of children and
adolescents. These findings provide preliminary evidence of thyroid hormone abnormalities among
children in Western Libya and are broadly consistent with the only comparable community-based Libyan
pediatric dataset, from Tobruk, although the proportion of abnormal results was higher in the present
sample. Larger population-based studies using age- and sex-specific pediatric reference intervals and
a more comprehensive thyroid profile are required.

Keywords: Thyroid dysfunction; children; adolescents; TSH; T3; T4; Tripoli; Western Libya; Libya;
cross-sectional study.
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Introduction:

The thyroid gland plays a fundamental role in maintaining metabolic homeostasis and supporting
normal growth and development. Thyroxine (T4) and triiodothyronine (T3) regulate energy expenditure,
protein synthesis, cardiovascular activity, skeletal development, and neurological maturation. Thyroid
hormone production is controlled primarily through the hypothalamic-pituitary-thyroid axis, in which
thyroid-stimulating hormone (TSH) acts as a major regulator of thyroid hormone synthesis and secretion
[1].

During childhood and adolescence, adequate thyroid hormone availability is particularly important
because this period is characterized by rapid physical growth, maturation of the nervous system, and
substantial changes in body composition. Thyroid disease in children differs from adult thyroid disease
with respect to etiology, clinical presentation, age distribution, and consequences for development.
Pediatric thyroid disorders may include congenital and acquired hypothyroidism, autoimmune
thyroiditis, Graves' disease, thyroid nodules, and other structural or functional abnormalities [1,2].
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The clinical presentation of thyroid dysfunction in children is often nonspecific. Hypothyroidism may
be associated with fatigue, growth retardation, weight changes, dry skin, hair abnormalities, and
cognitive or attention difficulties, whereas hyperthyroidism may manifest as palpitations, sweating,
tremor, sleep disturbance, emotional changes, and accelerated growth. However, many of these
symptoms can occur in healthy children for reasons unrelated to thyroid disease. Therefore,
biochemical evaluation remains an important component of thyroid assessment [1].

The incidence and pattern of pediatric thyroid disease differ among populations. Oyenusi et al., in a
10-year retrospective study from Nigeria, demonstrated that pediatric thyroid disorders represented a
heterogeneous group, with congenital hypothyroidism constituting a substantial proportion of cases [3].
Similarly, Yelluri [4] reported variation in the incidence and etiology of thyroid disorders among children
and emphasized the importance of iodine status and autoimmune thyroiditis in pediatric thyroid disease.

Community-level data specific to Libya remain particularly scarce. A rare community-based study
from Tobruk, eastern Libya, retrospectively reviewed thyroid function testing in 234 children and
adolescents and found that the overwhelming majority (97.9%) were euthyroid, with only 2.1% showing
any thyroid dysfunction; the authors themselves noted that most existing pediatric thyroid literature is
hospital-based and may overestimate true population prevalence, and they called explicitly for further
community-based studies from other Libyan regions [5]. The present study, conducted in Tripoli,
responds directly to that call.

Thyroid function during adolescence may also vary according to sex and population characteristics.
A recent nationally representative study of US adolescents aged 12-18 years reported differences in
thyroid dysfunction according to age, sex, and racial/ethnic characteristics, with subclinical
hyperthyroidism being the most frequently observed biochemical abnormality [6]. Such findings
demonstrate the importance of considering demographic characteristics when interpreting thyroid
function in children and adolescents.

Thyroid dysfunction may also occur in association with particular pediatric conditions. Children with
Down syndrome have a substantially increased risk of thyroid abnormalities and therefore require
appropriate thyroid surveillance [7]. In addition, thyroid function may be influenced by nutritional status
and abnormal eating patterns. Calcaterra et al. described alterations in thyroid function among children
and adolescents affected by undernutrition and overnutrition, highlighting the interaction between
nutritional status and the hypothalamic-pituitary-thyroid axis [8].

Obesity represents another important factor when evaluating thyroid function in children. A recent
cross-sectional study in Bangladesh reported higher TSH and FT3 and lower FT4 concentrations
among obese children and adolescents compared with normal-weight participants, demonstrating an
association between body mass index and thyroid hormone concentrations [9].

Thyroid disorders may also affect health-related quality of life and mental wellbeing. A nationwide
study of children and adolescents demonstrated that most children with thyroid dysfunction or thyroid
autoimmunity did not show significant impairment of health-related quality of life or mental health,
reinforcing the importance of considering the broader psychosocial consequences of thyroid disease
and avoiding unnecessary alarm when mild biochemical abnormalities are detected on screening [10].

Structural thyroid disorders and thyroid carcinoma are less common than functional disorders but
remain clinically important in pediatric populations. A systematic review by Vaisman et al. emphasized
the distinctive characteristics of thyroid carcinoma in children and adolescents and the challenges
associated with its diagnosis and management [11]. Similarly, pediatric thyroid disease requiring
surgical treatment represents a heterogeneous group in which appropriate diagnosis and treatment
selection are important for minimizing complications [12].

The interpretation of thyroid function tests requires particular caution. TSH, T3, and T4
concentrations should be considered together rather than interpreted as isolated measurements.
Abnormal combinations may occur because of primary thyroid disease, medications, assay
interference, hormone resistance, or pituitary disorders [13,14]. Consequently, an isolated high or low
concentration of one thyroid hormone should not automatically be classified as definitive
hyperthyroidism or hypothyroidism.
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Nutritional iodine status is another important determinant of thyroid function. Studies conducted in
Libya have examined awareness of thyroid disorders and iodine-rich diets and have emphasized the
importance of dietary iodine in thyroid health [15]. Research among Libyan populations has also
examined dietary factors and thyroid disorders, demonstrating the continuing importance of nutritional
and environmental factors in the epidemiology of thyroid disease [16].

Several Libyan studies have reported thyroid dysfunction in different populations. A study from Derna
investigated thyroid disorders according to age and sex, providing evidence of regional variation in
thyroid disease within Libya [17]. Another study conducted in the Al-Wahat region reported the
prevalence of thyroid disorders during 2022 [18]. These studies provide important local evidence, but,
together with the Tobruk data described above [5], they do not specifically characterize thyroid hormone
abnormalities among children and adolescents in Tripoli, Libya's capital and largest urban center.

Other studies have investigated thyroid-related biochemical abnormalities in Libyan adults. El
Mabrouk et al. evaluated thyroid dysfunction among Libyan patients with type 2 diabetes mellitus and
reported thyroid abnormalities in a substantial proportion of participants [19]. The relationship between
thyroid dysfunction and metabolic parameters has also been demonstrated among Libyan patients,
including a positive relationship between TSH and total cholesterol among patients with hypothyroidism
[20].

Thyroid dysfunction has also been investigated in populations with diabetes mellitus and other
chronic conditions internationally. These studies demonstrate that thyroid abnormalities may occur in
clinically selected populations, although their findings cannot be directly extrapolated to apparently
healthy children in the general population [21,22].

The epidemiology of thyroid dysfunction in the Middle East has been summarized in a systematic
review and meta-analysis, which demonstrated considerable variation in prevalence between countries
and populations [23]. Such variation supports the need for locally generated epidemiological data rather
than reliance exclusively on estimates derived from other populations.

Thyroid function may also be affected by developmental and neurodevelopmental conditions. A
recent meta-analysis found significant differences in several thyroid hormones and thyroid
autoantibodies among children and adolescents with neurodevelopmental disorders compared with
healthy controls, suggesting that thyroid-related biochemical alterations may occur in specific pediatric
populations [24].

Although thyroid disorders have been investigated in several Libyan populations, apart from the
single Tobruk community sample [5] there remains very limited information concerning thyroid function
among apparently healthy children and adolescents in Western Libya. Therefore, the present study was
designed to determine the distribution of serum TSH, T3, and T4 concentrations among children and
adolescents aged 6-15 years in Tripoli and to describe their distribution according to sex, age,
anthropometric characteristics, symptoms, and family history of thyroid disease.

Materials and Methods:
1. Study Design and Setting:

A community-based cross-sectional study was conducted among children and adolescents aged 6-
15 years residing in Tripoli, Western Libya, during 2024-2025. Laboratory investigations were
performed at Al-Reem Laboratory, Tripoli. The cross-sectional design was selected because it permits
assessment of the distribution of biochemical thyroid abnormalities within a defined population during a
specified period.

2. Study Population:

The study included 101 children and adolescents aged 6-15 years. Children with a previously
diagnosed thyroid disorder were excluded. Participants with chronic diseases that could influence
thyroid function, including diabetes mellitus, were excluded. Children receiving medications known to
interfere with thyroid function, including corticosteroids and iodine-containing medications, were also
excluded. Parental or legal guardian consent was obtained before participation.

3. Sampling Technique:

Participants were selected using a simple random sampling approach from eligible children aged 6-

15 years residing in Tripoli. The final study sample consisted of 101 participants.
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4. Questionnaire and Clinical Data Collection:

A structured questionnaire was used to obtain demographic and clinical information, including age,
sex, medical history, family history of thyroid disorders, and selected symptoms potentially associated
with thyroid dysfunction. For younger children, information was obtained from parents or legal
guardians.

Symptoms potentially associated with hyperthyroidism included changes in the face and eyes,
difficulty sleeping, sweating, tremors, mood changes, and rapid heartbeat. Symptoms potentially
associated with hypothyroidism included fatigue and weakness, weight changes, dry skin, hair loss,
growth problems, and attention or memory difficulties.

5. Blood Collection and Laboratory Analysis:

Approximately 5 mL of venous blood was collected from each participant by trained medical
personnel using sterile disposable equipment. Blood samples were transferred into serum separation
tubes and labeled using unique participant identification codes. Samples were centrifuged at
approximately 3000 rpm for 10 minutes to separate serum. Separated serum was transferred into
appropriately labeled tubes and stored at -20°C when immediate analysis was not possible.

Serum concentrations of the following thyroid-related hormones were measured: thyroid-stimulating
hormone (TSH), triiodothyronine (T3), and thyroxine (T4). The laboratory analyses were performed
using an iFlash 1800 automated analyzer according to the established procedures of the laboratory.

The reference intervals used in the present study were: TSH 0.4-4.0 plU/mL; T3 0.8-2.0 nmol/L; T4
57.9-150.6 nmol/L. Participants were classified as having hormone concentrations within, above, or
below the laboratory reference interval.

Importantly, these categories describe individual biochemical measurements and should not
automatically be interpreted as definitive diagnoses of hyperthyroidism or hypothyroidism. Clinical
diagnosis requires interpretation of the complete thyroid profile together with clinical findings. (1314
6. Anthropometric Measurements:

Body weight was recorded in kilograms and height in centimeters. Anthropometric information was
collected to describe the study population and to provide additional information for interpretation of
thyroid-related findings.

7. Data Quality Control:

Each questionnaire and laboratory sample was assigned a unique identification code.
Questionnaires were reviewed for completeness before data entry. Laboratory results were checked
against the original laboratory records. Participant confidentiality was maintained throughout the study.
8. Statistical Analysis:

Data were analyzed using descriptive statistical methods. Categorical variables were expressed as
frequencies and percentages. Continuous variables were expressed as means and standard
deviations. Mean TSH, T3, and T4 concentrations were calculated for the total study population and
separately for males and females. The proportions of participants with hormone concentrations within,
above, and below the laboratory reference intervals were also calculated. Because the available dataset
provided descriptive results rather than complete inferential analyses, the present study focuses
primarily on descriptive statistics.

9. Ethical Considerations:

Participation was voluntary. Parental or guardian consent was obtained before guestionnaire
administration and blood collection. Participant confidentiality was maintained by using identification
codes rather than personal names.

Results:
1. Demographic Characteristics:

A total of 101 children and adolescents aged 6-15 years were included. Among the participants, 51
(50.49%) were males and 50 (49.51%) were females. Regarding age distribution, 58 participants
(57.42%) were aged 6-10 years and 43 (42.58%) were aged 11-15 years (Table 1, Figure 1).
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Table (1): Distribution of study participants according to sex and age group.
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Figure (1): Distribution of study participants by sex and age group.

2. Serum TSH, T3, and T4 Concentrations:

The mean serum TSH concentration was 1.94 + 1.516 plU/mL among males and 2.30 + 1.849
plU/mL among females; the overall mean was 2.12 + 1.691 plU/mL and was within the laboratory
reference range. The mean serum T3 concentration was 1.38 £ 0.788 nmol/L among males and 1.27 +
0.783 nmol/L among females, with an overall mean of 1.32 + 0.784 nmol/L. The mean serum T4
concentration was 85.80 + 25.695 nmol/L among males and 84.73 = 31.437 nmol/L among females,

with an overall mean of 85.27 + 28.542 nmol/L (Table 2, Figure 2).

Table (2): Mean serum TSH, T3, and T4 concentrations according to sex.

Hormone Sex n Mean SD
Male 51 1.94 1.516
Female | 50 2.30 1.849

TSH (ul L
SHWUML) e 101 [ 2.12 | 1691
Male 51 | 1.38 | 0.788
Female | 50 1.27 0.783
T3 (nmoliL) Total | 101 | 1.32 | 0.784
T4 (nmol/L) Male 51 | 85.80 | 25.695
Female | 50 | 84.73 | 31.437
Total | 101 | 85.27 | 28.542
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Figure (2): Mean (x SD) serum TSH, T3, and T4 concentrations by sex.

3. Distribution According to Reference Range:

Among the 101 participants, 74 (73.3%) had TSH concentrations within the reference range (0.4-4.0
plU/mL), 11 (10.9%) had TSH above the range, and 16 (15.8%) had TSH below the range. T3
concentrations were within the reference range in 68 participants (67.3%), above it in 10 (9.9%), and
below it in 23 (22.8%). T4 concentrations were within the reference range in 83 participants (82.2%)
and below it in 18 (17.8%); no participant had a T4 concentration above the reference range (Table 3,

Figure 3).

Table (3): Distribution of participants according to TSH, T3, and T4 reference ranges.

Hormone | Within range, n (%) | Above range, n (%) | Below range, n (%) | Total
TSH 74 (73.3) 11 (10.9) 16 (15.8) 101
T3 68 (67.3) 10 (9.9) 23 (22.8) 101
T4 83 (82.2) 0 (0.0) 18 (17.8) 101
Thyroid hormone status relative to reference range
100 |
2
£ 80
2
£ 60+
3
5
o 401
g
c
S 20
&
0 .

TSH

B Within reference range

T3

B Above reference range

T4

[ Below reference range

Figure (3): Thyroid hormone status (TSH, T3, T4) relative to the reference range.

4. Anthropometric Characteristics:
The anthropometric assessment included all 101 participants. The mean body weight was 33.20 *
8.816 kg among males and 30.10 + 6.573 kg among females, with an overall mean of 31.67 + 7.903

kg. The mean height was 135.59 cm among males and 129.93 cm among females, with an overall
mean of 132.79 cm (Table 4, Figure 4).
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Table (4): Anthropometric characteristics according to sex
Variable |Male, Mean = SD | Female, Mean + SD | Total, Mean = SD
Weight (kg) 33.20 + 8.816 30.10 + 6.573 31.67 +7.903
Height (cm)a | 135.59 + 11.331 129.93 + 26.326 132.79 £ 20.295

Body weight by sex Height by sex
332 160 A 129.9 132.8
201 31.7 135.6
30.1 140 1
1201
= 30 1 c
= 5 1004
£ b5
o 80 -
T 20+ =2
= T 60+
10 40
20
0- 0-
Male Female Total Male Female Total
(n=51) (n=50) (n=101) (n=51) (n=50) (n=101)

Figure (4): Mean (x SD) body weight and height by sex

5. Symptoms Potentially Associated with Hyperthyroidism:

Rapid heartbeat was the most frequently reported symptom (49 participants, 48.52%), followed by
difficulty sleeping (34, 33.67%), sweating (25, 24.76%), changes in the face and eyes (9, 8.92%),
tremors in the limbs (7, 6.94%), and mood changes (4, 3.97%) (Table 5, Figure 5).

Table (5): Symptoms potentially associated with hyperthyroidism.

Symptom Yes,n| No,n | Yes, %
Changes in face and eyes| 9 92 8.92
Difficulty sleeping 34 67 33.67
Sweating 25 76 24.76
Tremors in limbs 7 94 6.94
Mood changes 4 97 3.97
Rapid heartbeat 49 52 48.52

Symptoms potentially associated with hyperthyroidism (n = 101

Rapid heartbeat 48.5%
Difficulty sleeping
Sweating

Changes in face/eyes

Tremors in limbs

Mood changes

0 10 20 30 40 50 60
Participants reporting symptom (%)

Figure (5): Symptoms potentially associated with hyperthyroidism (n = 101).
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6. Symptoms Potentially Associated with Hypothyroidism:

Weight changes were reported by 56 participants (55.44%), the most frequently reported symptom
in this category, followed by attention and memory problems (49, 48.52%), hair loss (40, 39.60%),
growth problems (30, 29.70%), fatigue and weakness (13, 12.87%), and dry skin (10, 9.90%) (Table 6,
Figure 6).

Table (6): Symptoms potentially associated with hypothyroidism.

Symptom Yes, n|No, n| Yes, %

Fatigue and weakness 13 88 | 12.87
Weight changes 56 45 | 55.44

Dry skin 10 91 9.90

Hair loss 40 61 | 39.60

Growth problems 30 71 | 29.70
Attention and memory problems | 49 52 | 48.52

Symptoms potentially associated with hypothyroidism (n =1
Weight changes 55.4%
Attention/memory problems

Hair loss

Growth problems

Fatigue and weakness 12.9%

Dry skin

0 10 20 30 40 50 60
Participants reporting symptom (%)

Figure (6): Symptoms potentially associated with hypothyroidism (n = 101).

7. Family History of Thyroid Disease:
A family history of thyroid disease was reported for the father in 13 participants (12.87%), the mother
in 7 (6.94%), and a brother or sister in 10 (9.90%) (Table 7, Figure 7).

Table (7): Family history of thyroid disease.

Family member|Yes, n|No, n| Yes, %
Father 13 88 | 12.87
Mother 7 94 6.94
Brother/sister 10 91 9.90
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16- Family history of thyroid disease (n = 101)

144 12.9%

Father Mother Brother/sister

Participants reporting positive family history (%)

Figure (7): Family history of thyroid disease (n = 101).

Discussion:

Our study investigated the distribution of biochemical thyroid abnormalities among 101 children and
adolescents aged 6-15 years in Tripoli, Western Libya. The sample was almost equally divided between
males and females, while children aged 6-10 years represented the larger age group.

The overall mean TSH concentration was 2.12 + 1.691 plU/mL. Most participants (73.3%) had TSH
values within the laboratory reference interval, while 10.9% had values above and 15.8% had values
below the specified range. These findings indicate that the majority of participants had TSH
concentrations within the laboratory-defined reference interval;, however, the presence of biochemical
values outside the reference interval in a proportion of participants suggests that thyroid-related
abnormalities may occur among children and adolescents in the studied population. These findings
warrant further evaluation, particularly because isolated TSH abnormalities may be transient and
cannot, on their own, establish a definitive diagnosis of thyroid dysfunction.

The findings should first be interpreted alongside the only other Libyan community-based pediatric
dataset available, from Tobruk. ! That study found that 97.9% of 234 tested children and adolescents
were euthyroid, with an overall thyroid dysfunction prevalence of only 2.1% — substantially lower than
the 26.7% of participants with an abnormal TSH observed in the present Tripoli sample. Possible
explanations for this discrepancy include differences in sample size and recruitment strategy, the
specific assay platforms and reference ranges applied by each laboratory, regional variation in iodine
status between Tripoli and Tobruk, and the absence of confirmatory repeat testing and thyroid antibody
testing in both studies, which limits the ability to distinguish persistent, clinically meaningful dysfunction
from transient or assay-related fluctuations. Given that these are, to our knowledge, the only two
community-based pediatric thyroid datasets currently available from Libya, and that their prevalence
estimates diverge so markedly, the true population prevalence of pediatric thyroid dysfunction in Libya
cannot yet be considered established, and further multicenter Libyan studies are clearly warranted.

The findings should also be interpreted in the context of hospital-based pediatric studies from other
countries. Oyenusi et al. demonstrated substantial heterogeneity in pediatric thyroid disorders in
Nigeria, with congenital hypothyroidism representing a major proportion of diagnosed cases. [ Yelluri
similarly emphasized the variable etiological spectrum of thyroid disorders in children. [l The present
study differs from these investigations because it focused on biochemical thyroid measurements among
children from the community rather than children already referred for thyroid disease.

The mean T3 concentration in the present study was 1.32 + 0.784 nmol/L; T3 was within the
reference range in 67.3% of participants, 22.8% had concentrations below the range, and 9.9% had
concentrations above it. The mean T4 concentration was 85.27 + 28.542 nmol/L; T4 was within the
reference interval in 82.2% of participants, while 17.8% had concentrations below the specified range.
These findings indicate that although most participants had T3 and T4 concentrations within the
laboratory reference intervals, a proportion showed values outside the expected ranges. Such isolated
biochemical findings should be interpreted cautiously, as they may reflect physiological variation or
transient changes and cannot, in the absence of additional clinical and laboratory assessment, be
considered diagnostic of thyroid dysfunction.
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The differences in the distributions of TSH, T3, and T4 demonstrate the importance of interpreting
thyroid function tests as a biochemical pattern rather than relying on one hormone measurement. TSH
is particularly useful for identifying primary thyroid dysfunction, but its interpretation should be integrated
with circulating thyroid hormone concentrations and the clinical context. [l

The use of a single reference interval for all participants aged 6-15 years represents an important
consideration, since thyroid hormone concentrations vary according to age, developmental stage, sex,
analytical method, and population. The nationally representative US adolescent study by Chen et al.
demonstrated differences in thyroid dysfunction according to age and sex and emphasized the
importance of population characteristics when assessing thyroid abnormalities. 6 Similarly, a Romanian
cross-sectional study by Vasile et al. evaluated thyroid function in infants and children and
demonstrated the importance of age-related interpretation of thyroid biochemical parameters. 23]
Accordingly, the present study reports hormone concentrations as within, above, or below the laboratory
reference interval rather than assigning a definitive diagnosis to every abnormal measurement.

A high TSH concentration, for example, may be compatible with primary hypothyroidism when
accompanied by an appropriately reduced thyroid hormone concentration; conversely, suppressed TSH
with elevated thyroid hormones may be consistent with hyperthyroidism. However, unusual biochemical
combinations may have other explanations. Gurnell et al. emphasized that apparently discordant thyroid
function tests may result from assay interference, medication effects, hormone therapy, or other
conditions. 131 TSH-secreting pituitary adenomas represent another rare cause of inappropriate TSH
secretion. 14 These considerations reinforce the importance of evaluating the complete thyroid profile.
Autoimmune thyroid disease is another important consideration in pediatric populations. Cappa et al.
described Graves' disease and autoimmune thyroiditis as the two major autoimmune thyroid disorders
in children and emphasized the interaction between genetic susceptibility and environmental factors. [
The absence of thyroid peroxidase and thyroglobulin antibody measurements in the present study
prevents assessment of autoimmune thyroid disease as a potential cause of the observed biochemical
abnormalities.

The prevalence of thyroid dysfunction can also vary according to specific pediatric conditions.
Children with Down syndrome are at increased risk of thyroid dysfunction, and recent data from
Southern Saudi Arabia further demonstrate the importance of thyroid surveillance in this population. ']
However, children with Down syndrome were not specifically investigated in the present study, and the
findings therefore cannot be generalized to children with genetic syndromes.

Nutritional status may also influence thyroid hormone concentrations. Calcaterra et al. reported
thyroid-related biochemical alterations in children and adolescents affected by undernutrition and
overnutrition. [ Similarly, Sharmin et al. found higher TSH and FT3 and lower FT4 concentrations
among obese children and adolescents in Bangladesh and identified relationships between BMI and
thyroid hormone concentrations. ! These observations highlight the importance of anthropometric
assessment when studying pediatric thyroid function.

Our study included anthropometric measurements of weight and height for all 101 participants. The
overall mean body weight was 31.67 + 7.903 kg, while the mean height was 132.79 cm. Males had
higher mean body weight and height than females (33.20 + 8.816 kg vs. 30.10 *+ 6.573 kg and 135.59
cmvs. 129.93 cm, respectively). These differences may reflect the normal variation in growth and body
development between sexes during childhood and adolescence. However, because body weight and
height are strongly influenced by age and sex, interpretation of these findings should ideally consider
age-specific and sex-specific growth standards. Future studies should therefore incorporate measures
such as BMI-for-age z-scores and other standardized anthropometric indicators to provide a more
comprehensive assessment of growth patterns in Libyan children and adolescents.

The present study also collected symptoms potentially associated with thyroid dysfunction. Rapid
heartbeat was the most frequently reported symptom potentially associated with hyperthyroidism,
whereas weight change was the most frequently reported symptom potentially associated with
hypothyroidism. These findings should be interpreted cautiously: symptoms such as palpitations,
sweating, sleep disturbance, weight change, fatigue, and attention difficulties are nonspecific and may
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result from numerous causes unrelated to thyroid disease. Therefore, their presence should not be
considered evidence of thyroid dysfunction in the absence of biochemical and clinical confirmation.

The family-history findings are also relevant. A history of thyroid disease was reported in the fathers,
mothers, and siblings of some participants. Family history is important because autoimmune thyroid
diseases have a genetic component, although environmental factors also contribute to disease
expression. [

The wider Libyan literature provides additional evidence that thyroid disease is an important health
issue in the country. Studies conducted in Derna and the Al-Wahat region have documented thyroid
disorders in Libyan populations, suggesting regional variation in thyroid disease within Libya. 17181 A
study examining awareness of thyroid disorders and iodine-rich diets in western Libyan cities also
highlighted the importance of iodine and dietary practices in thyroid health, I and a further Libyan
study emphasized the importance of iodine intake and dietary habits in thyroid health, also reporting
differences between males and females in the occurrence of thyroid-related abnormalities. [16]

The relationship between thyroid dysfunction and metabolic parameters has also been investigated
in Libyan adults. El Mabrouk et al. reported thyroid abnormalities among Libyan patients with type 2
diabetes mellitus, including subclinical hypothyroidism, [1°l and a positive relationship between TSH and
total cholesterol has been reported among Libyan patients with thyroid dysfunction, with higher
cholesterol concentrations among patients with hypothyroidism. 2% These adult Libyan studies provide
useful national context but cannot be directly compared with the prevalence observed in the present
pediatric community sample because of differences in age, disease status, sampling strategy, and
diagnostic criteria.

International studies have also demonstrated that thyroid dysfunction varies substantially between
populations. A systematic review and meta-analysis found considerable variation in the prevalence of
thyroid dysfunction across Middle Eastern populations, 23 supporting the need for locally generated
epidemiological data in Libya. Studies in patients with type 2 diabetes mellitus internationally have
similarly reported varying frequencies of thyroid dysfunction and associations with metabolic control
and complications; 192122 these findings are relevant to the broader epidemiology of thyroid disease
but should not be interpreted as prevalence estimates for healthy children.

The present study also has relevance to the wider pediatric literature concerning thyroid function
and neurodevelopment. A recent meta-analysis reported differences in several thyroid hormones and
thyroid autoantibodies among children and adolescents with neurodevelopmental disorders compared
with healthy controls. 24 Although neurodevelopmental disorders were not specifically assessed in the
present study, this evidence emphasizes the importance of thyroid hormones during childhood and
adolescence.

Thyroid carcinoma and structural thyroid disease represent another aspect of pediatric thyroid health
that was not directly assessed here. Vaisman et al. reviewed thyroid carcinoma in children and
adolescents and highlighted the distinctive clinical and management characteristics of pediatric thyroid
cancer, 1 while a recent Polish surgical series described the indications, techniques, outcomes, and
complications of thyroid surgery in children, finding that over half of children undergoing total
thyroidectomy had thyroid malignancy. ['4 These conditions were not specifically investigated in the
present community-based study, which focused on biochemical thyroid function; however, they
underscore the importance of appropriate referral pathways when significant thyroid pathology is
suspected on community screening.

Reassuringly, evidence from a large German national cohort suggests that most children with
subclinical or even overt thyroid dysfunction do not experience significant impairment of health-related
quality of life or mental health, [1% which should be considered when counseling families of children
identified with mild, asymptomatic biochemical abnormalities through community screening programs
such as this one.

One important methodological consideration is that the present study measured total T3 and total
T4 rather than free thyroid hormone concentrations. Modern evaluation of thyroid dysfunction commonly
incorporates TSH and FT4, with FT3 used in selected clinical circumstances. The lack of FT4 limits the
ability to classify participants accurately into overt and subclinical thyroid dysfunction categories.
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Similarly, thyroid autoantibodies were not measured, so the study cannot determine how many

participants had autoimmune thyroiditis or Graves' disease. lodine status was also not assessed; given

the importance of iodine in thyroid hormone synthesis and its documented relevance to thyroid health
in Libya, 1518 fyture studies should include urinary iodine concentration and detailed dietary
assessment.

Another limitation is the relatively small sample size of 101 participants; the study was also restricted
to Tripoli and therefore cannot be considered representative of all children in Western Libya or Libya as
a whole. Nevertheless, together with the Tobruk dataset, %! the study provides some of the only locally
generated community-level information concerning thyroid hormone distributions among children and
adolescents in Libya, and contributes to a still very limited pediatric thyroid literature from the country.
Conclusion and Recommendations:

The present study demonstrated that most children and adolescents aged 6-15 years in the studied
population in Tripoli had TSH, T3, and T4 concentrations within the laboratory reference ranges.
Nevertheless, a proportion of participants had hormone concentrations above or below the specified
reference intervals, and this proportion was notably higher than in the only other available Libyan
community-based pediatric dataset, from Tobruk. I The findings provide preliminary evidence of
biochemical thyroid abnormalities among children and adolescents in Western Libya; however,
abnormal values for individual thyroid hormones should not be interpreted as definitive diagnoses of
hyperthyroidism or hypothyroidism without considering the complete thyroid profile and clinical context.
These findings highlight three priorities for future research. Larger multicenter studies across different
Libyan regions are needed, using age- and sex-specific pediatric reference intervals and standardized
methods. Future studies should also include FT4, FT3 where indicated, thyroid antibodies, and urinary
iodine to better identify autoimmune and iodine-related dysfunction. Finally, children with persistent
biochemical abnormalities should undergo repeat confirmatory testing and clinical evaluation rather
than being diagnosed based on a single measurement.
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