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Abstract: Background: Subclinical hypothyroidism (SCH) is considered the most common hormonal disorder observed in
obese children. SCH and metabolic syndrome (MS) are characterized by a set of common metabolic disorders such as
visceral obesity, elevated TG (Triglycerides), T2DM (Type 2 diabetes mellitus), low HDL-C (High-density lipoprotein
cholesterol), and therefore, undetected hypothyroidism may impair metabolic control and increase cardiovascular risk in
patients with MS.
Objectives: The purpose of this study is to find out the association between having MS and the occurrence of SCH in
overweight and obese Syrian children aged 5 - 14 years.
Methods: An observational cross - sectional analytic study was conducted on 90 overweight and obese patients aged 5-14
years (38 males 42.2% and 52 females 57.8%) who were followed up at the pediatric endocrine clinic at Tishreen
University Hospital in Latakia from Aug'21 to July’22 and who met the eligibility criteria and had complete data.
Results: SCH is increased in the presence of MS and with a higher incidence in females compared to males. Also, SCH
increased in obese children more than overweight children.
A positive correlation was observed between Thyroid-stimulating hormone (TSH) and TG levels, and a negative correlation
was observed between TSH and HDL levels.
Conclusion: MS might increase the risk of SCH and the association between these two disorders may be bidirectional.
Patients with MS and SCH should be monitored prospectively as an early intervention might play a role in reversing risk
factors responsible for CVD (cardiovascular disease).

Keywords: metabolic syndrome, subclinical hypothyroidism, Children, Obesity, Syria.
Byl yos § crtactell JUALHI die Byl yguady Rudlanad] 2aphill o 285l

1@._.))‘ -V .152..;2‘. deafald .1*QM|5|3A Ay .
Logea | 0o Baals | gl el 256

e Ordl 1 sy Sl g Aasd 2igaid) SLllaisl o e gud AEYI Gy padl s Goull s9un ARad 1 alimiud|
glasyly dadl IS 2SN ZEMELN) GLLlisYl e deghas oliay Ldly ALY Lapally 3,301 jsiab faki
Lt caaial a8 aaill & B30 eiad olb iy HDL - C palasily Gl Ll e &Sl slilly a2 Al
DA 2Pl ys s Gilegll @lall sl Cacliayy CMAZY)
(e 14~ 5) Jamy ool JUkY1 die 3,00 sedab Sigdind ASALL Aoplial) (2381 o 28Mall ey J) el e
ST abal Balie § cnmalall craally 3801 @il JLLIT o Sals 90 e Aulilns Zilinye ualaie Zalys ca] o3 Aapkall
Jleiddl yylas 15535 (30 (2022 55d5 — 2021 o) Sk &iw Ml5 433501 & alll ROA R SV | Jkd Jie fdall
ALST o lily Eas
O3l Ggasly JULYI wie ppadl cns 2385l BIA)1 Lyamdy ALYl Sl e djy AT el LLsYl o) bl
(i ls
Al Sl B3biug 5eSL Ljlae LY wie Gyl s Gyl 3imdy BLSY) Aiuid olo55
TSH JI o Ot 2uae bolisyl 48Mey TG wudy TSH Il oud o ailias) 2ueal l3 Aayle bl 48Me duwhyull sds Gz
HDLe Il wi3g
Tans ey ] Apanls o ss 1 slas¥) ALs (4S5 0B Gyl Cams Gyulll gy A3 MaTY | AapDhill o A8DMall (¥ Tylas Al
Gpeal sliall Caliay ebiond) JLbYI e @yl sguady adlarud] Zodliall Gu9)
plll pa 3L Gyl Dgiad ooyl Lizsloudly Bl Slyshaill adad Adiuws JSdy Awhudl Bz Amlio cm LS
Aplesdl Anlall (ol s e 2851 @ Lola Do leals (S dsally aieddll 5 3] dlazad!

Loge ciladl (Jlabel 8 yudl Busdl jeumd ApMazad] Aapdlill debiall ol

46


https://journals.ajsrp.com/index.php/jmps
https://portal.issn.org/resource/issn/2522-333X
https://portal.issn.org/resource/issn/2522-333X
mailto:Zeina.alkilany1989@gmail.com
mailto:Zeina.alkilany1989@gmail.com
https://doi.org/10.26389/AJSRP.L040723
https://doi.org/10.26389/AJSRP.L040723
https://creativecommons.org/licenses/by/4.0/

The association between metabolic syndrome and hypothyroidism ... Alkilany ® Chreitah * Zreik

Introduction:

Hypothyroidism is considered one of the most common endocrine disorders. Its signs and symptoms are explained by inadequate
production of thyroid hormones or lack of efficacy on target tissues [1].

The hypothalamic-pituitary axis regulates the release of TSH. TSH's primary target is the thyroid gland, where it stimulates the release of
triiodothyronine (T3) and thyroxine (T4) from the follicular cells in the thyroid gland [2].

Thyroid hormones have an important role in lipid and glucose metabolism. Obesity, insulin resistance, hyperglycemia, dyslipidemia, and
an increase in cardiovascular events are correlated with hypothyroidism [3].

SCH is classified based on clinical symptoms into subclinical hypothyroidism and overt hypothyroidism [4].

Subclinical hypothyroidism (SCH) is defined as a biochemical condition characterized by an elevated TSH level with a normal FT4 level.
Recently, SCH has been classified as mild when the TSH level is between the upper limit of normal and 9.9 piU/L or severe when the TSH
level is greater than 10 piU/L [5].

SCH is considered the most common hormonal disorder observed in obese children. Its prevalence in normal-weight children is 1.7% and
increased in obese children to 10-23% [6].

Adipose tissue could be considered an endocrine gland, where it is responsible for the synthesis and secretion of several hormones,
which may lead to many metabolic disorders such as increased blood insulin, type 2 diabetes mellitus, hyperlipidemia, and blood pressure (BP),
related to cardiovascular diseases. Despite strong evidence that the process of atherosclerosis begins in childhood, the clinical features of
cardiovascular diseases do not appear till early adulthood, these disorders are referred to as metabolic syndrome [7].

Metabolic syndrome refers to the association of several known cardiovascular risk factors, including insulin resistance, obesity,
atherogenic dyslipidemia, and hypertension [8].

Noubiap J) et al. estimated the proportion of MS as 3% among children and 5% among adolescents in 2020 [9], while it increased with
Kharbotly D et al to 32.6% among obese children and 23% among obese adolescents in local studies [10].

The diagnosis of MS in children and adolescents lacks a consensus [11]

Throughout the years, there were a lot of criteria to diagnose MS, however, the most used definition is National Cholesterol Education
Program Adult Treatment Panel Third (NCEP-ATP Ill) definition [12].

SCH and MS are characterized by a set of common metabolic disorders such as visceral obesity, elevated triglycerides (TG), T2DM, and
low HDL-C, and therefore, undetected hypothyroidism may impair metabolic control and increase cardiovascular risk in patients with MS.

Therefore, it is necessary to study this relationship due to the lack of research correlated to children, and the controversial results of these
research.

This study aims to:

1. Find outthe relationship between having MS and the occurrence of hypothyroidism in overweight and obese school-aged children.
2. Study the relationship between TSH values and various MS components.

3. Study the relationship between SCH and the degree of obesity.

1- Patients and Methods:

An ethics approval was obtained from the Scientific Research Directorate at Tishreen University according to Decision No. 3347, after
that, an observational cross- sectional analytic study was conducted on 90 overweight and obese patients aged 5-14 years (38 males 42.2% and 52
females 57.8%) who were followed up at the pediatric endocrine clinic at Tishreen University Hospital in Latakia from Aug'21 to Sep'22 and met the

eligibility criteria and had complete data.

eligibility criteria:

A.  Inclusion criteria: overweight and obese children aged 5-14 years who were observed in the pediatric endocrine clinic in children.
B.  Exclusion criteria:
1. Past medical history for thyroids treatment.

2. Patients with familial hypercholesterolemia
3. Genetic syndromes associated with obesity (Prader-willi, Laurence-moon-Biedl, Turner)
Upon obtaining the informed consent from the children’s parents, the following steps were taken:
a.  Taking the clinical history
b.  Measurement of weight, height, body mass index (BMI), and waist circumference (WC) were obtained.
c.  BP(Blood pressure) was measured after 5 minutes of rest as per usual practice, it was considered high if systolic or diastolic pressure > 90"

percentile using American Academy of pediatric’ (AAP) tables.

47



Journal of medical & pharmaceutical Sciences (JMPS) ¢ Vol 7, Issue 3 (2023)

d.  The samples of glycemia, TC (Total cholesterol), HDL and TG were obtained after fasting for 12 hours.

The definition of obesity was adopted according to the Centers for Disease Control and Prevention, where children are classified as
overweight when 85> BMI> 95[h percentile, while the BMI for obesity is greater than 95[h percentile.

MS was diagnosed based on the National Cholesterol Education Program (NCEP) criteria, which require the presence of three out of five
of the following criteria:

1. AWCis equal to or above the 90" percentile for the children's age and gender.

2. ABP measurement equal to or above the 90" percentile for the Children's age, gender, and height.
3. Fasting glycemia greater than or equal to 100 mg/dL or type 2 diabetes diagnosis.

4. Triglyceride level greater than or equal to 110 mg/dL

5 HDL (mg/dL) is less than or equal to 40 mg/dL.

Thyroid function test: TSH was performed as a primary screening test by using AYA360 machine in the laboratory of Tishreen University
Hospital. Normal TSH values are considered between 0.38-4.31 piU/I.

The statistical analysis included both descriptive and inferential statistics based on the tests of statistics. Descriptive statistics were used
for quantitative variables and qualitative variables with frequencies and percentages. Inferential statistics were conducted using the following
methods:

Chi-square test to study the relationship between qualitative variables.

Pearson Correlation to study the relationship between quantitative variables.

Z-test to examine the difference between the percentages of two groups.

Confidence intervals (Cls) at the level of 95%.

The results were considered statistically significant with a p-value < 5%. The IBM SPSS statistics (version 19) program was used to

calculate statistical coefficients and analyze results.

2- Results

The data of 90 overweight and obese children in our setting were analyzed, the patients' ages ranged from 5 to 14 years, with a mean age
of 10.41+2.9 years, as the highest percentage was (48.9%) for the children aged 11-14 years.

The total number of patients included 52 females (57.8%) and 38 males (42.2%), 26 children (28.9%) were overweight and 64 children
(71.1%) were obese, 43 (47%) children had MS, and 27 (30%) children had SCH.

Chart (1) displays the relationship between SCH and MS, where we found 18 Children (66.7%) with SCH and MS, and 9 children (33.3%)
without MS, and itis displaying 25 Children (39.7%) with MS but without SCH, and 38 Children (60.3%) without both SCH and MS.

90 children

+ MS

children 43
(47%)

25 children
(39.7%)

- SCH

48

- MS

47 children
(52.2%)

38 children
(60.3%)

- SCH
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SCH: subclinical Hypothyroidism, MS: Metabolic syndrome
Chart (1): The relationship between MS and SCH.
The finding: SCH increased in presence of MS with a significant statistical difference (P-value = 0.001).
Table (1) displays the percentage of SCH according to the gender and degree of obesity. Out of the 27 children who had SCH 7 children
were males (25.9%), and 20 children were females (74.1%), 5 of these children (18.5%) were overweight and 22 Children (81.5%) were obese.

Table (1): the percentage of SCH according to the gender and degree of obesity.

Positive Negative P Value
Gender
Male 7 (25.9%) 31(49.2%)
Female 20 (74.1%) 32 (50.8%) 0.04
BMI
Overweight 5 (18.5%) 21(33.3%) 0.03
Obesity 22 (81.5%) 42 (66.7%)

SCH: subclinical Hypothyroidism, BMI: Body Mass Index
The finding: SCH is higher in females with statistical difference (P-value = 0.04), and the proportion of SCH increased with higher BMI
values (P-value = 0.03)

Table (2) displays the distribution of SCH cases according to the criteria of MS.

Table (2) Distribution of study participants by incidence of SCH and MS criteria:

Dx Criteria of MS

Positive Negative

TG 24(88.9%) 37(58.7%)
BP 16(59.2%) 9(14.3%)
GLU 13(48.1%) 4(6.3%)
wc 10(37%) 2(3.2%)
HDL 23(85.2%) 34(54%)

SCH: subclinical Hypothyroidism, TG: Triglycerides, GLU: glucose, HDL high-density lipoprotein,

BP: blood pressure, Dx Criteria: Differential diagnosis, MS: Metabolic syndrome. WC: waist circumference
The finding: The SCH was accompanied by an increase in TG, BP, GLU, and WC, and decrease in HDL.
Table (3) displays the correlation between TSH and the criteria of MS.

Table (3) correlation between TSH levels and MS components:

Dx Criteria of MS Pearson Correlation P-value ‘
wcC 0.27 0.02
TG 0.38 0.005*
HDL -0.42 0.0001*
GLU 0.31 0.01
BP 0.22 0.04

TG: Triglycerides, GLU: glucose, HDL high-density lipoprotein, BP: blood pressure, Dx Criteria: Differential diagnosis, MS: Metabolic
syndrome, TSH: thyroid stimulating hormone.

The finding: There is a significant positive correlation between TSH and TG and significant negative correlation between TSH and HDL.

3- Discussion:

This study included 90 overweight and obese children who met the eligibility criteria, 48.8% were with MS according to the NCEP criteria
and 30% were with SCH.

SCH was observed in 66.7% of patients with MS compared to 33.3% without MS. We found a significant increase in SCH incidence with
elevated TG levels, WC, BP and GLU, and decreased HDL levels.

The dysfunction of the pituitary gland, thyroid gland, and adipose tissue is a key part of the pathogenic mechanism.

The relationship between thyroid function and MS has been evaluated extensively in adults, while studies conducted in children are still

controversial [13].
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Our study and Zhang ] et al. found that TSH levels were significantly higher in children with MS compared to those without, while Lee
MK et al. indicated that there was no difference in TSH levels in obese children with or without MS, this is because Lee et al used a different
definition according to the International Diabetes Federation (IDF) age category (10-18 years old) [14,15].

The mechanism by which thyroid hormones affect fat metabolism is well known. They decrease intestinal cholesterol absorption and
increase hepatic fat synthesis. They also affect the composition and transport of fatty proteins, where SCH is associated with decreased lipoprotein
lipase activity and lower cholesterol receptors, as well as decreased metabolism of fatty proteins. An association has been found between pro-
atherogenic abnormalities and long-term SCH, due to dyslipidemia [16].

Jin HY. reported that TG levels were higher in patients with SCH compared to those with normal thyroid function, with no relationship to
HDL cholesterol. In contrast, we and Kara O. found that HDL cholesterol levels were lower in the SCH group compared to the control group, with a
positive correlationship between TSH levels and TG levels. This was interpreted as low levels of HDL cholesterol being associated with high levels of
TG, especially in individuals with insulin resistance, as HDL particles are more easily metabolized in the presence of high TG levels [13,16].

Thyroid hormones influence the heart and blood vessels through their direct effect on the heart muscle, the sympathetic nervous system,
and the peripheral blood vessels. Hypothyroidism decreases cardiac output, and sensitivity of the sympathetic nervous system and increases
peripheral vascular resistance, which leads to an increase in cholesterol levels in the blood and the risk of atherosclerosis [17].

We found a weak correlation between SCH and BP, which is consistent with Cai Y et al whereas Cerbone et al did not observe the same
results. This was explained by other factors that control BP regulation [18,19].

Insulin resistance is the primary mechanism responsible for the development of MS and type 2 diabetes. Hypothyroidism is asso ciated
with decreased glucose transport into muscle cells and decreased hepatic glucose production, where TSH is a stimulator for the basal expression of
glucose transporters on cell surfaces. Hypothyroidism is also associated with insulin resistance in muscles and adipose tissues [20].

Rong F et al. indicated that the relationship between diabetes and the thyroid gland can be bidirectional. Elevated insulin levels in early
type 2 diabetes can stimulate thyroid tissue hypertrophy, leading to thyroid enlargement and nodule formation [21].

Both Takaya R et al., and Kara O. found a positive correlation between TSH levels and insulin resistance, while we and JIN HY. found a
weak correlation, this may be due to the use of fasting glycemia as a diagnostic tool for type 2 diabetes being less sensitive in children than the
glucose tolerance test, insulin level, and HOMA-IR insulin resistance index used in previous studies [13,16,22].

MS develops primarily due to obesity that causes functional impairment resulting from the accumulation of excessive adipose cells. The
secretion of leptin from adipose cells modifies the hypothalamic-pituitary-thyroid axis by bringing about certain changes in the production of
thyrotropin-releasing hormone (TRH) [23].

Both Zhang ] et al., and Salereno M et al. showed that SCH had insignificant effect on BMI in adolescents during follow-up years and that
children with SCH had increased visceral obesity even if their BMI was normal. we could not compare this result with our study because our patients
were overweight and obese children [3,15].

JIN HY, Takaya R et al, and we found a positive relationship between the TSH levels and the degree of obesity. This might be due to the
role of TSH in energy conservation process [16,22].

Lee MK et al. reported a positive association between WC and SCH, but we and Takaya R et al. did not. This is because Lee et al used a
different definition according to the IDF’ criteria, which considers visceral obesity as a pre-requisite for diagnosing MS [14,22].

Assessing thyroid function in obese children is important to answer the question of whether SCH is a cause or a consequence of obesity.
We need additional studies to confirm this. Krude H et al. found that giving thyroid hormone to obese children did not affect their weight status or

body fat distribution [24], while Reinehr et al. suggested the positive role of weight loss programs on TSH homeostasis [25].

4- Conclusion:
MS might increase the risk of SCH and the association between these disorders might be bidirectional, but it is difficult to prove these
associations in cross-sectional studies. Patients with MS and SCH should be monitored prospectively as an early intervention might play a role in

reversing risk factors responsible for CVD.

5- References:

- Toro Rm, Restrepo Glm, Balthazar Gv, Et Al. (2012). “Acquired Hypothyroidism In Childhood” . Medicina & Laboratorio. 18(09-10):443-458.

- Pirahanchi Y, Toro F, Jialal I. (2023). “Physiology, Thyroid Stimulating Hormone”. Statpearls [Internet].

- Salerno, M., Improda, N., & Capalbo, D. (2020). “Management Of Endocrine Disease Subclinical Hypothyroidism In Children”. European Journal Of
Endocrinology. 183(2), R13-R28.

- Nelson Text Book Of Pediatrics 2021

50



The association between metabolic syndrome and hypothyroidism ... Alkilany ® Chreitah * Zreik

- Fontenelle L, Feitosa Mm, Severo Js, Freitas Te, Morais Jb, Torres-Leal Fl, Et Al. (2016): “Thyroid Function In Human Obesity: Underlying Mechanisms”.
Horm Metab Res. 48:787-94.

- Metwalley , Kotb Abbass. Farghaly , Hekma Saad. (2021). “Subclinical Hypothyroidism In Children: Updates For Pediatricians” . Ann Pediatr Endocrinol
Metab. 26:80-85.

- Lifshitz F. (2008). “Obesity In Children” . | Clin Res Pediatr Endocrinol. 1(2):53-60.

- Huang PI. (2009) . “A Comprehensive Definition For Metabolic Syndrome” . Dis Model Mech. 2(5-6):231-7.

- Noubiap Jj, Nansseu Jr, Lontchi-Yimagou E, Nkeck Jr, Nyaga Uf, Ngouo At, Tounouga Dn, Tianyi Fl, Foka Aj, Ndoadoumgue Al, Bigna Jj. (2022) . “Global,
Regional, And Country Estimates Of Metabolic Syndrome Burden In Children And Adolescents In 2020: A Systematic Review And Modelling Analysis” .
Lancet Child Adolesc .6(3):158-170.

- Kharbotly , Douaa. Chreitah, Ahmad. Khayat, Muhammed Imad. (2021) . “Metabolic Syndrome In Obese Children Over Five Years Old”. American
Journal Of Pediatrics. Vol. 7, No. 3.p. 113-116.

- Mancini Mc. (2009). “Metabolic Syndrome In Children And Adolescents - Criteria For Diagnosis”. Diabetol Metab Syndr.1(1):20.

- Huang PI. (2009). “A Comprehensive Definition For Metabolic Syndrome”. Dis Model Mech. 2(5-6):231-7.

- Kara O. (2020) . “Influence Of Subclinical Hypothyroidism On Metabolic Parameters In Obese Children And Adolescents”. Clin Exp Pediatr. 63(3):110-
114.

- Lee Mk, Kim Ym, Sohn Sy, Lee Jh, Won Yj, Kim Sh. (2019). “Evaluation Of The Relationship Of Subclinical Hypothyroidism With Metabolic Syndrome
And Its Components In Adolescents: A Population-Based Study”. Endocrine. 65(3):608-615.

- Zhang), Jiang R, Li L, Li P, Li X, Wang Z, Li L, Teng W. (2014). “Serum Thyrotropin Is Positively Correlated With The Metabolic Syndrome Components
Of Obesity And Dyslipidemia In Chinese Adolescents”. Int | Endocrinol. 289503.

- Jin HY.(2018)."Prevalence of subclinical hypothyroidism in obese children or adolescents and association between thyroid hormone and the
components of metabolic syndrome”. | Paediatr Child Health. 54(9):975-980.

- Klein M, Pascal V, Aubert V, Weryha G, Danchin N, Leclére J. Coeur et.(1995)." thyroide [Heart and thyroid]". Ann Endocrinol (Paris).56(5):473-86.

- Cerbone M, Capalbo D, Wasniewska M, Mattace Raso G, Alfano S, Meli R, De Luca F, Salerno M.(2014)."Cardiovascular risk factors in children with
long-standing untreated idiopathic subclinical hypothyroidism". ] Clin Endocrinol Metab. 99(8):2697-703.

- Cai Y, Ren Y, Shi J. (2011)."Blood pressure levels in patients with subclinical thyroid dysfunction: a meta-analysis of cross-sectional data". Hypertens
Res. 34(10):1098-105.

- Iwen KA, Schréder E, Brabant G.(2013).: Thyroid hormones and the metabolic syndrome".Eur Thyroid J.(2):83-92.

- Rong F, Dai H, Wu'Y, Li}, Liu G, Chen H, Zhang X.(2021)." Association between thyroid dysfunction and type 2 diabetes: a meta-analysis of prospective
observational studies". BMC Med. 19(1):257.

- Minami Y, Takaya R, Takitani K, Ishiro M, Okasora K, Niegawa T, Tamai H.(2005)."Association of thyroid hormones with obesity and metabolic
syndrome in Japanese children". ] Clin Biochem Nutr. 57(2):121-8.

- Niranjan U, Wright NP.(2016)." Should we treat subclinical hypothyroidism in obese children". BMJ. 352:i1941.

- Heiko Krude, Heike Biebermann, Dirk Schnabel, Mojca Zerjav Tansek, Pierre Theunissen, Primus E. Mullis, Annette Griiters.(2003)."Obesity Due to
Proopiomelanocortin Deficiency: Three New Cases and Treatment Trials with Thyroid Hormone and ACTH4-10"The Journal of Clinical
Endocrinology & Metabolism.Volume 88,Issue 10,Pages 4633—4640.

- Reinehr T, Andler W.(2002)."Thyroid hormones before and after weight loss in obesity".Arch Dis Child.87(4):320-3.

51



