results have been obtained by (Habib, et.al, 2020); (Jin, 2018); (Uniivar,
et.al, 2014); which showed a positive association between TSH and BMI,
also (Maria, et.al, 2019); found that BMI reduction was a unique predictor
of the decrease of TSH, and alterations of thyroid function and structure in
children with obesity are reversible after weight loss. On the contrary,
(Diindar and Akinci, 2022); (Patel, et.al, 2021); found that the mean body
mass index was similar in both subclinical hypothyroidism and the control
group and (Patel, et.al, 2021); and (CELIK, 2019); found that BMI- SDS
were similar in both groups and did not find a correlation between TSH
levels and BMI.

Regarding anthropometric parameters describing abdominal obesity,
waist circumference WC was found to be higher in the SCH group
compared to the control group in our study and TSH was significantly
positively correlated with WC, yet no statistically significant difference
between both groups regarding abdominal obesity was observed. This
came in agreement to (Dahl, et.al, 2017); who reported a positive
correlations of TSH and fT4 with waist/ height ratio W/HtR suggesting
that abdominal obesity, independent of the overall degree of obesity,
augments the risk of concurrent thyroid abnormalities in children and
adolescents with obesity. (Maria, et.al, 2019) reported a significant
decrease of waist/height ratio after weight loss. (Cerbone, et.al, 2016);
reported that TSH concentrations were associated positively with waist
hight ratio W/HtR but not with BMI z-score. (Ruminska, et.al, 2016); in
the multivariate regression analysis with TSH, as a dependent variable,
they found TSH was significantly correlated with WC. On the other hand,
although (Patel, et.al, 2021); noted that subjects with subclinical
hypothyroidism had higher fat%, than those with normal TSH levels, no
difference in BMI z-score, waist circumference and other metabolic
parameters was observed.

Regarding body composition, in our study, SCH cases showed higher
values of body fat percentage compared with non SCH cases.
Furthermore, a positive correlation was found between TSH and body fat
percentage values in the SCH group. Similar results have been obtained by
(Patel, et.al, 2021); who reported higher fat percentage and android to
gynoid fat ratio despite same level of BMI in subjects with SCH which
indicates its role in the development of visceral obesity. (Odabasi, et.al,
2020); reported that fat mass% (FM%) and fat mass (FM) were found
higher in children with mild subclinical hypothyroidism, but this was not
statistically significant. (Krause, et.al, 2016); found that measures of
adiposity, including BMI z-score and fat mass, had a significant positive
relationship with TSH and a negative relationship with FT4, Both BMIz
and fat mass were positively associated with TSH. (Maria, et.al, 2019)
found a significant decrease of FM%, TSH, with weight loss.
Nevertheless, some studies came in disagreement with our results.
(Barjaktarovic, et.al, 2017) reported that the percentage of FM was found
similar to controls and adiposity was uncorrelated with TSH and
(Ruminska, et.al, 2016) found that subjects with SCH had higher BF%,

than those with normal TSH levels and observed a trend for the

association between TSH and the lean body mass% and not FM%.
Conclusion:

The present study supports previous findings, that obesity is the cause
of moderate increase in TSH and fT3 levels causing subclinical
hypothyroidism. TSH positively correlated with the anthropometric
parameters describing abdominal obesity and body composition regarding
body fat.

Recommendations:

Since serum TSH concentration, even remaining within the norm,
could adversely affect abdominal obesity and body composition regarding
body fat. Therefore, well- designed studies are needed to evaluate the
necessity of taking a thyroid hormone for subclinical hypothyroidism in
obese children.
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Thyroid Profile (TSH) T- Test Or Chi- Square
Anthropometric Measures SCH-Ve SCH+Ve . 2
T OrX™* P-Value Sig
No.= 66 No.= 34
Abdominal obesity n (%) (WC|Yes 56 (84.8%) 33(97.1%)
. 3.417* 0.065 NS
centile> 90th) No 10 (15.2%) 1(2.9%)

P- value> 0.05: Non significant; P- value< 0.05: Significant; P- value< 0.01: Highly significant, Chi- square test; 'Independent t- test; Sig: significance, HS: Highly significant,
NS: non significant, WC: waist circumference.
Table (7) Body Fat% And Obesity According BF% Among The Studied Groups

Thyroid Profile (TSH) T- Test Or Chi- Square
Body Composition SCH-Ve SCH+Ve . 2%
T OrX P- Value Sig
No.= 66 No.= 34
MeantSD 37.43 +6.33 46.67 £ 5.69 .
Bf% -7.151 0.000 HS
Range 23.4-49.3 30.6- 56
) ) No 10 (15.2%) 0(0.0%)
Obesity (High Bf%) N (%) 5.724* 0.017 S
Yes 56 (84.8%) 34 (100.0%)

P- value> 0.05: Non significant; P- value< 0.05: Significant; P- value< 0.01: Highly significant, Chi- square test; 'Independent t- test; Sig: significance HS: Highly significant,
S: significant, BF%: body fat%

Waist circumference, body fat% and obesity based on body fat% were
significantly higher in the SCH (+ve), no statistically significant difference

between both groups regarding abdominal obesity.
Table (8) Correlation between TSH and age

TSH
r P- Value Sig
Age 0.082 0.416 NS

P- value> 0.05: Non significant; P- value< 0.05: Significant; P- value< 0.01: Highly
significant, r: spearman correlation coefficients. Sig: significance, NS: non significant

In the currant study, there is a non- significant positive correlation

between TSH and age.
Table (9) Correlation between TSH and the anthropometric parameters
Anthropometric parameters ToH

r P- Value Sig
Wt 0.373 0.000 HS
Wt Z-score 0.707 0.000 HS
Ht 0.001 0.990 NS
Ht Z-score 0.001 0.990 NS
BMI 0.629 0.000 HS
BMI z-score 0.843 0.000 HS
BMI Percentile 0.845 0.000 HS
wC 0.627 0.000 HS

P- value> 0.05: Non significant; P- value< 0.05: Significant; P- value< 0.01: Highly
significant, r: spearman correlation coefficients. Sig: significance, NS: non significant.
HS: Highly significant. Wt: weight, Ht: hight. BMI: Body mass index, WC: waist
circumference

There is a highly significant positive correlation between TSH and
weight (Wt), (Wt) z-score, BMI, BMI z-score, BMI percentile, waist
circumference (WC) and a non- significant positive correlation between

TSH and both Height (Ht) and (Ht) z-score.
Table (10) Correlation between TSH and body fat%

TSH
r P- Value Sig
Bf% 0.806 0.000 HS

P- value> 0.05: Non significant; P- value< 0.05: Significant; P- value< 0.01: Highly
significant, r: spearman correlation coefficients. Sig: significance, HS: Highly significant.
BF%: body fat%

There is a highly significant positive correlation between TSH and
body fat%.
Discussion:

Obesity is a risk factor for noncommunicable diseases such as diabetes,

cardiovascular diseases, and musculoskeletal disorders, resulting in

(Thyroid Function A g Obese Adol S o00)

dramatic decrease of life quality and expectancy (Lin& Li, 2021). In the
past decades, a number of reports tried to explain whether thyroid
dysfunction is the cause or rather the consequence of excess adipose
tissue; the answer, however, remains unclear. (Walczak& Sieminska,
2021)

Our study is a cross- sectional study conducted on 100 obese
adolescents aged (10- 16) years, subclinical hypothyroidism was found in
34% of studied cases. The FT3 level was found to be higher in the SCH
(+ve) group compared to the SCH (-Ve) but no significant difference was
found between both groups in terms of fT4. This came in agreement with
studies performed by (Kara, 2020); (Jin, 2018); (Yadav, et.al, 2018);
(Dahl, et.al, 2017); (Fontenelle, et.al, 2016); who suggested that the most
common thyroid disorder in obese children and adolescents is increased
serum TSH and fT3 levels.

In the current study, no difference was found between both groups
regarding age, gender, and socioeconomic status. This came in
concordance with findings reported by (Akici, et.al, 2020); and (Abd-
Elmagsoud, et.al, 2018); who found no statistically significant difference
regarding age and gender between SCH and EU groups. Moreover,
(Krause, et.al, 2016); found no significant sex, age, or socioeconomic
status effects with TSH in the entire population. However, (Rumifnska,
et.al, 2016); reported that serum TSH values were correlated with age but
in the obese and non- obese children taken together. Also, (Dahl, et.al,
2017); found higher TSH levels in boys than girls in a study encompassed
1796 aged (6- 18) years obese/overweight subjects.

In our study, there was no significant difference between the two
groups regarding pubertal status. Our results are consistent with (Diindar
and Akinci, 2022); (Kara, 2020); (Maria, et.al, 2019); and (Dahl, et.al,
2017) who did not find difference between groups concerning puberty
status. On the other hand, (Giannakopoulos, et.al, 2019); reported that
only in females of both obesity and normal weight groups, serum TSH
concentrations were lower during puberty compared to prepuberty.

Our results showed a high statistically significant difference between
both groups in terms of BMI and BMI z-score and a positive correlation

between TSH levels and both BMI and BMI z-score was found. Similar
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Table (2) Comparison between the studied groups regarding socio- demographic characteristics

Thyroid Profile (TSH) T- Test Or Chi- Square
Socio- Demographic Characteristics SCH-Ve SCH+Ve . 2 .
T Or X™* P- Value Sig
No.= 66 No.= 34
MeantSD 11.45+1.48 11.58+ 1.48 .
Age -0.427 0.67 NS
Range 10-15.3 10-15.8
Female 24 (36.4%) 11 (32.4%)
Gender N (%) 0.159*% 0.69 NS
Male 42 (63.6%) 23 (67.6%)
Low 60 (90.9%) 28 (82.4%)
SES N (%) - 1.556* 0.21 NS
Middle 6(9.1%) 6 (17.6%)

P- value> 0.05: Non significant; P- value< 0.05: Significant; P- value< 0.01: Highly significant, Chi- square test; .Independent t- test; Sig: significance, NS: non significant,
SES: socioeconomic standard

In our study, there was no statistically significant difference between both groups regarding age, sex and socioeconomic standard.
Table (3) Comparison Between The Studied Groups Regarding Pubertal Status

Thyroid Profile (TSH) Chi- Square
Pubertal Status SCH-Ve SCH+Ve P
X P- Value Sig
No.= 66 No.= 34
Pre- Puberty Stage: T 23 (34.8%) 11 (32.4%)
Pubertal Status N (%) At puberty stage: II-TIT 29 (43.9%) 17 (50.0%) 0.363 0.834 NS
late puberty stage: IV-V 14 (21.2%) 6 (17.6%)

P- value> 0.05: Non significant; P- value< 0.05: Significant; P- value< 0.01: Highly significant, Chi- square test, Sig: significance, NS: non significant.

There was no statistically significant difference between both groups regarding puberty.
Table (4) Comparison between the studied groups regarding height and weight parameters

Thyroid Profile (TSH) T- Test Or Mann- Whitney
Anthropometric Measures SCH-Ve SCH+Ve . i
T OrU P- Value Sig
No.= 66 No.= 34
Mean+SD 64.87 + 14.45 75.54 + 16.45 .
Wt -3.335 0.001 HS
Range 41-98 51-110
Median (IQR] 1.98 (1.79-2.27 2.58(2.19-2.8
Wt Z-score (R ¢ ) . ) -5.382" 0.000 HS
Range 0.94-4.21 1.38-3.38
Mean+SD 1.49+0.11 1.49 +0.09 .
Ht 0.109 0.914 NS
Range 1.31-1.71 1.33-1.65
Median (IQR] -0.15(-0.87- 0.85 =0.11(-0.68- 0.66
Ht Z-score (oR) ( ) ( ) -0.087" 0930 NS
Range =0.15(-0.87- 0.85) -1.54-1.52

P- value> 0.05: Non significant; P- value< 0.05: Significant; P- value< 0.01: Highly significant, .Independent t- test; "Mann- Whitney test, Sig: significance, NS: non significant,
HS: highly significant, Wt: weight, Ht: hight

There is a high statistically significant difference between the studied significant difference between both groups, regarding height or height z-

groups in terms of weight and weight z-score and no statistically score.
Table (5) Comparison between the studied groups regarding body mass index (BMI) and Severe obesity

Thyroid Profile (TSH) T- Test Or Mann- Whitney Or Chi- Square
Anthropometric Measures SCH-Ve SCH+Ve . 1 2 .
T OrU OrX™* P- Value Sig
No.= 66 No.= 34
MeantSD 28.75+2.87 33.44%5.40 .
BMI -5.691 0.000 HS
Range 23.4-349 20.3-47.2
Median (IQR] 2.01(1.88-2.26 2.76 (2.46- 3.05
Bmi Z-score {oR) ¢ ) ¢ ) -6.098" 0.000 HS
Range 1.74-3.04 1.89-4.55
MeantSD 97.47+2.54 99.30+ 0.84 .
BMI Percentile -4.074 0.000 HS
Range 79.93-99.88 97.09- 100
) No 38 (57.6%) 8(23.5%)
Severe Obesity N (%) 10.472* 0.001 HS
Yes 28 (42.4%) 26 (76.5%)

P- value> 0.05: Non significant; P- value< 0.05: Significant; P- value< 0.01: Highly significant, 'Independent t- test; "Mann- Whitney test, Chi- square test; Sig: significance,
HS: Highly significant. BMI: Body mass index

There is a high statistically significant difference between the studied obesity.

groups in terms of BMI, BMI z-score, BMI Percentile and severity of
Table (6) Comparison between the studied groups regarding waist Circumference and abdominal obesity

Thyroid Profile (TSH) T- Test Or Chi- Square
Anthropometric Measures SCH-Ve SCH+Ve . 2
T Or X™* P-Value Sig
No.= 66 No.= 34
MeantSD 82.91+7.26 92.88+6.13 .
wC -6.846 0.000 HS
Range 70-99.00 78- 107
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Introduction:
Obesity is most likely a result of complex interactions between genetic
predispositions, environmental factors and human behaviour (Budnik and
Henneberg, 2017). The prevalence of childhood obesity continues to
increase in all age groups which is defined as a BMI greater than the 95th

percentile for their age and sex. (Singer and Lumeng, 2017)

Body composition and thyroid hormones appear to be closely related.
Thyroid hormones regulate basal metabolism, hpothyroidism is associated
with decreased thermogenesis, decreased metabolic rate, and has also been
shown to correlate with a higher body mass index (BMI). (Sanyal and
Raychaudhuri, 2016)

Insulin resistance in obese children is associated with body fat,
especially abdominal fat. Body composition analysis using bio- impedance
analysis (BIA), have been frequently applied in children and adolescents
not only to research but also to clinical practice. (Yang and Chang, 2016)

Hypothyroidism has long been recognized as a cause of impaired
puberty. This is consistent with a role for TSH in the pathophysiology of
hypothalamic- pituitary axis activation, probably through interaction with
the FSH receptor and TH receptors in both testicular and ovarian cells.
However, most of these abnormalities either improve or normalize with L-
thyroxine treatment, after the restoration of a euthyroid state. (Léger,
2015)

Aims:

To detect thyroid dysfunction in obese adolescent and to study its
relation to anthropometric parameters and pubertal status.

Design of Study:

It is a cross- sectional study.

Subjects:

A total of 100 obese adolescents aged (10- 16) years of both sexes, BMI
at or greater than 95" percentile for age and sex, who attended the
Endocrine Pediatric Clinic, Children’s Hospital, Ain Shams University in
the period from January 2022 to December 2022 were recruited.

All obese patients diagnosed with endocrine disorders (overt
hypothyroidism or hyperthyroidism, Diabetes Mellitus) or with any
genetic syndrome and any other chronic disease or on long- term
medication were excluded from this study.

Ethical Aspects:

Approval was obtained from the ethical committee of the Faculty of
childhood postgraduate studies, Ain Shams University and informed
written consent was obtained from the care givers of the patients.
Methods:

All patients were subjected to:

1. Personal and sociodemographic characteristics including age, gender
and socioeconomic status which was assessed using El- Gilany (SES)
scale. (El- Gilany, et.al, 2012)

2. History taking: A full detailed medical history was taken.

3. Clinical examination: A full through general examination focussing on
signs suggestive of endocrine disorders,

genetic syndromes,
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complications of obesity.

4. Anthropometric measurements assessment; (Weight in Kg, Height in
cm, Waist circumference in cm and Body mass index in Kg/m?)
(Adegbija, et.al, 2015). Measurements were plotted on age and sex
standard percentiles according to CDC 2000 growth charts.
(Kuczmarski, et.al, 2002) Obesity is defined as a BMI at or above the
95th percentile and severe obesity is defined as a BMI greater than the
99th percentile for children and teens of the same age and sex
(Giingor, 2014). Abdominal circumference (AC) was measured to the
nearest millimeter using a tapeline at each child’s maximum waist
girth in a standing position. Abdominal obesity is defined as AC
greater than or equal 90th percentile for the child’s age and gender (or
adult cut- off if lower) according to the International Diabetes
Federation definition of metabolic syndrome. (Zimmet, et.al, 2007)

5. The stage of puberty (P1- P5) was determined according to Tanner's
guidelines and the subjects were classified to three groups, prepubertal
(Tanner stage 1), "at puberty" (stages 2 and 3 of Tanner), and
"Completing Puberty" (stages 4 and 5 of Tanner). (Medeiros, et.al,
2014)

6. Whole- body composition was assessed by bioelectrical impedance
analysis to measure fat and muscle mass percentages (Junqueira, et.al,
2018) using commercially available (BIA) (Granzia, Model Number:
BF500, Genova, Italy, certified by SGS) measuring weight and body
fat.

Statistical Analysis:

Statistical analysis was performed using statistical package for Social
Science (IBM SPSS) version 27. The quantitative data were presented as
mean, standard deviations and ranges when parametric and median, inter-
quartile range (IQR) when data found non- parametric. Also qualitative
variables were presented as number and percentages. Chi square test is
used to elucidate significance between qualitative variables. Independent
(t) test and Mann- Whitney test are used to compare two independent
groups (quantitative data, parametric distribution and non-parametric
distribution respectively) was used to test association or significance
between quantitative variables and qualitative variables. Spearman
correlation coefficients was used to assess the correlation between two
quantitative parameters, the p- value was considered significant as the
following: P- value> 0.05: Non- significant (NS), P- value< 0.05:
Significant (S), P- value< 0.01: Highly significant (HS).

Results:
Table (1) Subclinical hypothyroidism among obese patients
Thyroid profile (TSH serum level) n %
Group A: SCH- ve 66 66
Group B: SCH+ve 34 34
Total 100 100

SCH-ve: Euthyroid, subclinically hypothyroid negative
SCH+ve: subclinically hypothyroid positive

Our results showed that (34%) of the studied cases were sub- clinically

hypothyroid SCH (+ve) and (66.0%) were euthyroid SCH (+ve).
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Thyroid Function Among Obese Adolescents and Its

Relation to Growth Parameters and Pubertal Status
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Summary
Introduction: Subclinical hypothyroidism is common in obese children and adolescents. Thyroid dysfunction among obese patients has
profound effects on growth, anthropometric parameters and pubertal development.
Objectives: To identify thyroid dysfunction in obese adolescents and its relation to anthropometric parameters and pubertal status.
Methodology: A cross- sectional study conducted on 100 obese adolescents aged (10- 16) years who attended the Diabetes and Endocrine
Pediatric Clinic, Children’s Hospital, Ain Shams University in the period from January 2022 to December 2022. Anthropometric measurements
including body composition (Bioelectrical Impedence Analysis) (BIA), pubertal development were assessed in all children.
Ethical aspects: Approval from the ethical committee of the Faculty of Childhood Postgraduate Studies, Ain Shams University.
Results: Subclinical hypothyroidism (SCH) was found in 34% of studied cases, where serum free T3 (FT3) was significantly higher in the
subclinical hypothyroidism group SCH (+ve) than the euthyroid group SCH (- ve) while serum free T4 (FT4) was not significantly different
between both groups. The SCH (+ve) adolescents demonstrated a significantly higher mean/median weight, weight z- score, body mass index
(BMI), BMI z- score, BMI percentile and severity of obesity, waist circumference (WC), body fat (BF%) and obesity according to body fat (BF%).
Age, sex, socioeconomic status (SES), puberty status, height (Ht), height z- score and abdominal obesity were not different between the two
groups. There was a statistical significant correlation between thyroid stimulating hormone (TSH) and weight, weight z- score, BMI, BMI z- score,
BMI percentile, waist circumference (WC) and body fat (BF%). While there was no statistical significant correlation between TSH and height,
height z- score and age.
Conclusion: Subclinical hypothyroidism is common in obese adolescents and it has profound effects on growth and anthropometric parameters.
Recommendations: The impact of thyroid supplementation in this setting needs to be explored.
KeyWords: Obesity, Subclinical hypothyroidism, Adolescents, Puberty, Body composition.
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