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Study protocol: 

 

Participants 

Children and adolescents, aged 5–18 years, will be screened for Hashimoto’s 
thyroiditis/ chronic autoimmune thyroiditis (AIT) at the Pediatric Endocrinology Outpatient 
Clinic of Papageorgiou General Hospital and AHEPA University Hospital of Thessaloniki, 
Greece. Diagnosis of AIT will be based on the presence of anti-thyroid autoantibodies 
(Anti-TPOAb and/or Anti-TgAb) and one or more of the following: clinical symptoms of 
thyroid dysfunction, goiter, or diffuse/irregular hypoechogenicity of the thyroid gland 
during ultrasound examination [1]. The first 30 patients with subclinical hypothyroidism 
who will receive standard levothyroxine (LT4) treatment [2], will comprise the “AIT 
subclinical hypothyroid group”. Another 30 participants with AIT and euthyroidism at the 
time of enrolment will comprise the “AIT euthyroid group”, whereas 30 age- and sex-
matched healthy subjects will be also enrolled as “Control group” in the study. 

All participants will be present with a normal body mass index (BMI) for their age and 
sex, were drug-naive for at least 3 months, followed no special diet, and did not present any 
chronic and/or acute disease or menstrual disorder. The the “AIT subclinical hypothyroid 
group” will be re-assessed six months after starting LT4 treatment. 

Clinical and Biochemical Data 

Height will be measured to the nearest millimeter with a wall-mounted stadiometer 
(Harpenden Stadiometer, Holtain Limited, Crosswell Wales, U.K.). Waist, hip, and mid-
upper arm circumference (MUAC) will be measured with a Seca 201 measuring tape 
(Hamburg, Germany), and body weight will be assessed with a Seca 711 scale (Hamburg, 
Germany). Body fat (BF) will be assessed by the same experienced investigator using a 
skinfold caliper (Harpenden Skinfold Caliper, Baty International, West Sussex, U.K.) and 
the equations proposed by Slaughter et al. [3].

 
Fat mass (FM), fat-free mass (FFM), FM 

index (FMI), and FFM index (FFMI) will be calculated [4,5]. Body mass index (BMI) will 
be calculated, and standard deviation scores (SDS) for BMI, height and skinfolds will be 
determined from the WHO growth charts using the LMS growth software. All subjects will 
undergo a complete physical examination, including posterior palpation of the thyroid 
gland, and will be classified according to their puberty, applying Marshall and Tanner 
criteria. 

Resting Metabolic Rate (RMR) will be measured after a 12 h fast with a portable 
indirect calorimeter (FitMateTM, Cosmed, Rome, Italy) [6], using a pediatric face mask 
following the protocols proposed by the study conducted by Fullmer et al. [7]. 

Blood samples will be collected after overnight fasting, and serum levels of 
biochemical parameters were measured using standard methods and an ARCHITECTc 
16000 clinical chemistry system (Abbott, Abbott Park, IL, USA). Concentrations of insulin, 



thyroid-stimulating hormone (TSH), free triiodothyronine (FT3), free thyroxin (FT4), as 
well as anti-thyroid peroxidase antibody (Anti-TPOAb), and thyroglobulin antibody (Anti-
TgAb) titers were measured with an ADVIA Centaur XPT Immunoassay System (Siemens 
Healthcare GmbH, Erlangen, Germany). Laboratory’s reference range for TSH, FT4, and 
FT3 levels are 0.80–3.99 μIU/L, 10.55–20.72 pmol/L, and 4.21–7.57 pmol/L, respectively. 
The positive cut-off value of Anti-TPOAb and Anti-TgAb titers is>60 IU/mL. A thyroid 
gland ultrasound will be performed by the same radiologist at the beginning of the study. 

Serum FGF-21 levels will be measured in patients with subclinical hypothyroidism and 
the control group. FGF-21 levels were determined in pg/mL using the Solid Phase 
Sandwich ELISA method according to the manufacturer’s protocol (Quantikine

®
 Elisa, 

Human FGF-21 immunoassay DF 2100, R&D Systems Europe Ltd., Abingdon Science 
Park, Abingdon, U.K.) with a sensitivity of 8.69 pg/mL, intra-assay CV < 4%, inter-assay 
CV < 5% and an assay range of 31.3–2,000 pg/mL. 

In order we have indirect information regarding the dietary state of participants, all 
participants, with the help of their parents and/or caregivers, will complete the KIDMED 
questionnaire at their first visit. KIDMED questionnaire consists of 16 diet-related 
questions. A total score of 0–3 reflects a poor adherence to the Mediterranean diet, 4–7 an 
average compliance, and a score of 8–12 a suitable adherence [8,9]. 
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Statistical Analysis 

 

Statistical analysis will be performed using IBM SPSS Statistics (SPSS Inc., Chicago, 
IL, USA). Continuous variables will be tested for normal distribution by the Kolmogorov–
Smirnov or Shapiro–Wilk test. Data will be presented as mean ± standard deviation (SD) or 
medians with lower or upper quartiles. The differences between the examined groups of 
individuals will be investigated using the Kruskal–Wallis test and ANOVA within the GLM 
function with Box-Cox transformation of the response variable to improve normality. The 
differences between the two groups of individuals will be assessed using the Tukey post-
hoc and Fisher least significant difference tests. When data are paired (e.g., before vs. after), 
we will account for subject ID in our model. The correlations between two continuous 
variables will be investigated using the Spearman rank correlation test. The level of 
statistical significance is set at p < 0.05. 
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