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Objective: The purpose of this study was to investigate the frequency of
autoimmune thyroiditis (AT) among euthyroid prepubertal girls presenting with
premature adrenarche (PA). We also aimed to identify the clinical, metabolic,
and endocrine profile of girls with AT and concurrent PA and compare them to
girls with AT without PA, PA alone and healthy controls.

Methods: Ninety-one prepubertal girls aged 5-10 years, who attended our
department for AT, PA and normal variants of growth and puberty were
recruited for the study: 73 girls had PA, 6 AT without PA and 12 were referred
for investigation of growth. All girls underwent clinical examination, detailed
biochemical and hormonal screen. Standard dose Synachten stimulation test
(SDSST) and oral glucose tolerance test (OGTT) were performed in all girls with
PA. The whole study population was divided in 4 groups: Group PA—/AT+
included 6 girls with AT without PA; Group PA+/AT— PA subjects without AT;
Group PA+/AT+ girls with PA and concomitant AT; Group PA-/AT- twelve
healthy girls without PA nor AT (controls).

Results: Among 73 girls presenting with PA 19 had AT (26%). BMI, systolic blood
pressure (SBP) and the presence of goiter significantly differed between the four
groups (p=0.016, p=0.022 and p<0.001, respectively). When comparing
hormonal parameters among the four groups significant differences were found
in leptin (p =0.007), TSH (p = 0.044), anti-TPO (p = 0.002), anti-TG (p = 0.044),
IGF-BP1 (p=0.006), 44-A (p=0.01), DHEA-S (p=<0.001), IGF-1 (p=0.012)
and IGF-BP3 (p = 0.049) levels. TSH levels were significantly higher in Group PA
+/AT+ compared to PA+/AT— and PA-/AT- (p=0.043 and p=0.016,
respectively). Moreover, girls with AT (Groups PA—/AT+ and PA+/AT+) had
higher TSH levels than those in Group PA+/AT- (p =0.025). Girls in Group PA
+/AT + showed higher cortisol response at 60 min post-SDSST than girls in
Group PA+/AT— (p = 0.035). During the OGTT, insulin concentrations at 60 min
were significantly higher in Group PA+/AT + compared to Group PA+/AT—
(p=0.042).

Conclusion: A high frequency of AT among euthyroid prepubertal girls with PA was
observed. The combination of PA with AT even in euthyroid state may be
associated with a greater degree of insulin resistance, than PA alone.
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Introduction

Autoimmune thyroiditis (AT) is the most common organ-
specific autoimmune disease, affecting 2%-5% of the general
population with a strong female preponderance (i.e., women 5%-
15% and men 1%-5%) (1). The pathogenesis of AT involves a
complex interplay between environmental factors and genetic
background, with up to 50% of cases having a first-degree
relative with positive antithyroid antibodies (2-6). The prevalence
of AT in children and adolescents ranges between 1.2%-9.6%
(depending on the diagnostic criteria, age, sex, pubertal stage,
ethnicity, and iodine status of the population studied), occurring
rarely in children younger than 3 years and reaching a peak in
early to mid-puberty. A female predominance of up to 6:1 has
been observed (6, 7).

Accumulating evidence suggests an association between
thyroid autoimmunity, obesity and cardiometabolic risk factors
(8-10), whereas, elevated thyroid autoantibodies have been
observed in an average of 22.3% of patients with PCOS
compared with an average of 8.5% in healthy women (11). PCOS
is a heterogeneous endocrine disorder affecting 5%-20% of
women of reproductive age worldwide (12). It is characterized
mainly by clinical and/or biochemical hyperandrogenism,
ovulatory dysfunction and polycystic ovarian morphology and is
associated with multiple metabolic aberrations, including insulin
resistance and hyperinsulinemia, an increased risk of glucose
type 2 diabetes
hypertension, and endothelial dysfunction, independent of body
mass index (BMI) (12, 13). It has been speculated that the
combination of PCOS with AT, even in the euthyroid state, may

intolerance and mellitus, dyslipidemia,

be associated with more pronounced metabolic derangements
than either of these conditions alone, although an underlying
mechanism has not been defined (11, 14-16).

Results
developmental origin of PCOS, suggesting that premature

from previous studies underline the early
adrenarche (PA) may represent a forerunner of this condition
(17). PA refers to the appearance of clinical signs of androgen
action before the age of 8 years in girls or 9 years in boys
associated with adrenal androgen precursors concentrations high
for the prepubertal chronological age, but appropriate for Tanner
pubertal stage II-III, in the absence of central puberty, congenital
adrenal hyperplasia due to

androgen producing tumors and exogenous source of androgens

steroidogenic enzyme defects,

(18, 19). Traditionally, PA has been considered to represent a
benign variant of pubertal development, however, several studies
have revealed an association between PA and intrauterine growth
retardation, being born small for gestational age (SGA), insulin
resistance and components of the metabolic syndrome, as well as
higher incidence of functional ovarian hyperandrogenism, that
may precede the development of PCOS in these girls in
adolescence or later in young adulthood (19-24).

The aim of the present study was to investigate the frequency
of AT among euthyroid prepubertal girls presenting with PA in
the outpatient setting. We also aimed to identify clinical,
metabolic, and endocrine characteristics of euthyroid girls with
AT and concurrent PA and compare them to those of
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prepubertal euthyroid girls with AT but no PA, PA alone and
healthy controls.

Materials and methods
Subjects

Ninety-one prepubertal girls 5-10 years of age, who attended
the Division of Endocrinology, Metabolism and Diabetes of the
First Department of Pediatrics, National and Kapodistrian
University of Athens Medical School at the Aghia Sophia
Children’s Hospital for AT, PA and normal variants of growth
and puberty (i.e., isolated premature thelarche) between 2020
and 2022 were recruited for the study: 73 girls presented with or
had a history of PA, 6 had AT without PA and 12 were referred
to our Department for investigation of growth. The latter
showed a normal prepubertal growth rate, growing along the
lower height percentiles within or slightly below their genetic
potential, with a predicted final height falling within 2
standard deviations (~8.5 cm) above and below their mid-
parental height, based on the bone age. Baseline biochemical
and hormonal investigations were within normal range in all
cases, Taken together, these 12 girls were considered as having
a variant of normal growth. PA was defined as the appearance
of any clinical sign(s) of adrenarche (pubic/axillary hair, oily
hair/skin, adult-type body odor) before 8 years of age together
with elevated concentrations of adrenal androgens in the absence
of central puberty or other causes of androgen excess. Congenital
adrenal hyperplasia was ruled out in all PA cases based on
normal responses of cortisol and 17-hydroxyprogesterone (17-
OHP) following a standard dose Synachten stimulation test
(SDSST). AT diagnosis was made when at least two of the
presence of
hypothyroidism defined by modestly elevated thyroid
stimulating hormone (TSH) levels (5-10 IU/ml) with normal
concentrations of free thyroxine FT4 or overt hypothyroidism,
as assessed by a an elevated TSH with a low FT4 (6); ii)
positive serum anti-thyroid peroxidase (anti-TPO) and/or anti-

following criteria were met: i) subclinical

thyroglobulin (anti-TG) antibodies; and iii) typical sonographic
features of AT (diffuse or irregular hypoechogenicity of the
thyroid parenchyma) (25, 26). Out of 73 girls with PA: 2 had
and had stopped
levothyroxine (LT4) replacement therapy more than one year

transient congenital hypothyroidism
before study entry, showed negative thyroid autoantibodies
and normal ultrasonographic findings of the thyroid (thus, no
evidence of AT). Another 6 had subclinical hypothyroidism
without the concomitant features of autoimmune thyroid
disease and were euthyroid under levothyroxine treatment.
Two out of 6 girls with AT but no PA were also receiving
levothyroxine substitution therapy. Girls who had abnormal TSH
and/or FT4 levels were excluded from the study.

Birth weight, gestational age, pregnancy, perinatal, personal,
and detailed family history for thyroid disorders, diabetes, PCOS,
obesity, dyslipidemia, and cardiovascular disease was obtained
from all participants.
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Clinical evaluation

The weight and height of each subject were measured to the
nearest 0.1 cm and 0.1 kg, respectively, and pubertal status was
assessed according to standard Tanner’s staging (27). During the
initial assessment 85 girls were prepubertal. Six PA girls
presented with Tanner stage II breast development. Central
precocious puberty was excluded in all these cases by prepubertal
responses to the Luteinizing Hormone Releasing Hormone
(LHRH) stimulation test, low serum estradiol concentrations and
prepuberal sonographic findings on pelvic ultrasound, indicating
isolated premature thelarche.

Body mass index (BMI) was calculated by dividing body weight in
kilograms by height in meters squared. Waist circumference (WC)
and hip circumference (HC) were assessed in standing position by
using a non-stretched and flexible tape. WC was measured midway
between the lowest border of rib cage and the upper border of iliac
crest, at the end of normal expiration. HC was measured at the
widest part of the hip at the level of the greater trochanter (28).
Waist-to-hip ratio (WHR) was calculated by diving waist to hip
circumference and waist-to-height ratio (WHtR) by dividing waist
circumference to height. Blood pressure was measured using an
automated sphygmomanometer after the girls had rested for 5 min
in sitting position. Neck and thyroid examination and all clinical
assessments were performed by the same physician (EMK).

Study protocol-endocrine and biochemical
assessment-assays

Baseline blood samples were obtained between 8:00 and 9:00 AM
by venipuncture after 12 h overnight fasting in supine position. All
samples were immediately centrifuged, and serum and plasma were
separated and frozen at —80°C until assayed. Basal levels of the
following biochemical and hormonal parameters were measured:
(i) glucose, hemoglobin Alc (HbAlc), total cholesterol, low-
density lipoprotein cholesterol (LDL), high-density lipoprotein
cholesterol (HDL),
C-reactive protein (hs-CRP) was quantitatively measured using a

triglycerides (i) serum high-sensitivity
latex-enhanced immunoturbidimetric assay on a Roche Cobas
6,000 clinical chemistry analyzer. The detectable limit was
0.01 mg/dl, and the interassay and intraassay coefficients of
variation were <2% (iii) FT4, TSH, anti-TPO, anti-TG, IGF-1
(insulin-like growth factor 1), IGF binding protein 3
(IGFBP-3), adrenocorticotropic hormone (ACTH), DHEAS
(dehydroepiandrosterone sulfate), A4-androstenedione (44-A),
testosterone, sex hormone-binding globulin (SHBG), estradiol,
luteinizing hormone (LH), follicle stimulating hormone (FSH)
and prolactin were measured using validated chemiluminescence
(CLIA) on the Immulite 2,000 automated
analyser (Siemens Llanberis, Gwynedd LL55 4EL, United
Kingdom). Quantification of cortisol, insulin and total 25-
hydroxyvitamin D [25 (OH)D] was performed based on
electrochemiluminescence immunoassay principle (ECLIA) of

immunoassays

Cobas e411 automated analyser (Roche Diagnostcs GmbH,
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Mannheim, Germany). Serum 17-OHP concentrations were
measured using ELISA (DIAsource Immunoassays, Ottignies-
Louvain-la-Neuve, Belgium). Concentration of IGF binding
protein 1 (IGFBP-1) was measured using validated ELISA
(Mediagnost, Reutlingen, Germany) with a reported sensitivity of
0.055 ng/ml and total precision CV <6.5% (assay range 0.1-8 ng/
ml). Circulating levels of leptin and adiponectin were detected by
validated ELISA kits (BioVendor, Brno, Czech Republic).
Analytical sensitivity for leptin is 0.2 ng/ml (assay range 1-50 ng/
ml) and for adiponectin 26 ng/ml (assay range 0.1-10 ug/ml).
Total precision CV is <8.0% for both ELISA kits. Concentrations
of tumor necrosis factor-alpha (TNF-0) were determined using
the high-sensitivity enzyme-linked immunosorbent assay (ELISA,
Invitrogen, Bender MedSystems GmbH, Vienna, Austria), with a
lower detection limit of 0.13 pg/ml and total precision coefficient
of variation (CV) <9,8%, (assay range 0.31-20 pg/ml).

All girls with PA underwent a standard dose Synachten
Stimulation test (SDSST) as well as an oral glucose tolerance test
(OGTT), on two different days, between 8:00 and 9:00 AM after
12 hr overnight fasting. The SDSST was carried out first. 250 ug
of cosyntropin (synthetic ACTH) were administered intravenously
and cortisol and 17-OHP were measured at baseline, 30 and
60 min after administering cosyntropin. An OGTT was performed
by administering 1.75 g glucose/kg body weight (max 75g) to
each participant and blood samples for glucose and insulin
measurements were drawn at baseline, 30 min, 60 min, 90 min
and 120 min. Homeostasis model assessment of insulin resistance
(HOMA-IR) and the quantitative insulin-sensitivity check index
(QUICKI) were calculated as follows: HOMA-IR = [fasting glucose
(mmol/l)xfasting insulin (©U/ml)/22.5] and QUICKI=1/Log
(fasting Insulin, pU/ml) + Log (fasting glucose, mg/dl) (29).

An x-ray of the left hand and wrist was obtained in all PA
subjects and bone age (BA) was determined using the method of
Greulich and Pyle (30).

A thyroid ultrasound was performed in case of goiter,
hypothyroidism, and in all subjects with AT, by the same
pediatric radiologist familiar with thyroid disease applying
standard diagnostic criteria for AT and using the same device.

Statistical analysis

Categorical variables are presented as absolute and relative (%)
frequencies. Quantitative variables are presented as median (min,
max). In terms of graphical representation, quantitative variables
are presented with boxplots, when needed. To compare
quantitative variables between groups Kruskal-Wallis test was
employed, while for pairwise comparisons Mann-Whitney test
was used. Linear regression was used to investigate whether
hormonal levels differed among the four groups when adjusting
for the effect of BMI. Finally, Spearman’s correlation coefficient

(p) was

quantitative variables. A 2-tailed p-value <0.05 was considered

used to investigate linear associations between
statistically significant. Statistical analysis was implemented using
IBM SPSS v. 26 (IBM Corp. Released 2019. IBM SPSS Statistics

for Windows, Version 26.0. Armonk, NY: IBM Corp.).
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Ethics

The study protocol was approved by the Ethics Committee of
the “Aghia Sophia” Children’s Hospital, Athens. Written

informed consent was obtained from children’s parents, and
assent was obtained from the children before children have been
enrolled in the study.

Results

Among 73 girls with PA, 19 had AT (26%). Of these 19 girls
with PA and concomitant AT, 6 were positive for both thyroid
autoantibodies, 6 for anti-TPO only, and 3 for anti-TG only,
whereas 4 were negative for both antibodies. Those 4 girls had
already been diagnosed with subclinical hypothyroidism, were
euthyroid under levothyroxine treatment and showed
ultrasonographic findings reminiscent of AT when evaluated in
our Department. Overall, the thyroid ultrasound showed typical
sonographic features of AT in 13/19 girls. Extrathyroidal
autoimmune diseases were present in 2/19 subjects: 1 had
psoriasis and 1 celiac disease.

Based on the presence of AT and/or PA our whole study
population was divided in 4 groups: Group PA-/AT+ consisted of
those 6 girls who had AT without PA; Group PA+/AT— included
54 (out of 73) PA subjects without AT, among whom: 2 with a

history of transient congenital hypothyroidism and 2 with

10.3389/fped.2023.1064177

subclinical hypothyroidism under levothyroxine substitution
treatment; the above mentioned 19 (of 73) girls with PA and
concomitant AT formed Group PA+/AT+ including those 4 girls
with
replacement therapy and sonographic features of AT; and 12

subclinical  hypothyroidism, wunder levothyroxine
healthy girls referred for investigation of growth with neither AT

nor PA formed Group PA—/AT— of our study (control group).

Clinical and biochemical parameters

The participants of the four groups did not differ in age,
birthweight, gestational age, mode of conception or delivery, family
history for thyroid disorders, obesity, diabetes, PCOS, dyslipidemia,
or cardiovascular disease. In terms of anthropometric and clinical
variables, BMI was significantly different between the four groups (p
=0.016) (Figure 1A). Furthermore, a significant difference was
observed in the frequency of goiter (p <0.001), ie, 33.3% in group
PA-/AT+ (2/6), 1.85% in PA+/AT— (1/54) and 42.1% in PA+/AT+
(8/19), whereas none of the control girls had a goiter (0/12). No
difference was observed with regards to WHR or WHIR.

Considering cardiovascular parameters systolic blood pressure
(p=0.022)
(Figure 1B). No statistical important differences were detected in
glucose, HbAlg, lipid profile and hsCRP levels. The clinical and
laboratory characteristics of all participants are shown in

was  significantly  different between  groups

Tables 1, 2, respectively.
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(A) body mass index (BMI) (B) systolic blood pressure (SBP) (C) leptin and (D) insulin-like growth factor-binding protein-1 (IGFBP-1) values of girls with
autoimmune thyroiditis (AT) but no premature adrenarche (PA) (group PA—/AT+); girls with PA but no AT (group PA+/AT-); girls with PA and AT
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TABLE 1 Clinical characteristics of girls in all study groups.

Group PA-/AT+

Group PA+/AT-

Group PA+/AT+

10.3389/fped.2023.1064177

Group PA-/AT-

(n=6) (n=54) (n=19) (n=12)
Age 6.25 (5.83-9.58) 7.25 (4.00-8.75) 7.83 (5.42-10.08) 7.13 (5.50-8.75) 0.161
Gestational age (weeks) 40.00 (37.71-40.86) 38.00 (28.00-40.14) 38.00 (32.57-40.00) 37.30 (34.29-41.00) 0218
Birth weight (g) 3325 (2600-3670) 2975 (1275-4200) 2850 (1550-4140) 2800 (1730-4200) 0.201
BMI (kg/m?) 17.62 (16.10-19.23) 18.30 (13.79-27.39) 19.60 (14.44-27.16) 1659 (13.01-19.33) 0.016
WHR 0.90 (0.88-0.91) 0.84 (0.76-0.98) 0.86 (0.79-0.93) 0.89 (0.81-0.95) 0.310
WHtR 0.50 (0.48-0.51) 0.45 (0.39-0.64) 0.45 (0.41-0.59) 0.45 (0.41-0.48) 0.302
Systolic BP 99.5 (90.0-100.0) 99.0 (73.0-120.0) 103.5 (85.0-117.0) 89.0 (82.0-107.0) 0.022
Diastolic BP 59.5 (52.0-68.0) 63.0 (41.0-78.0) 67.0 (41.0-77.0) 57.0 (49.0-66.0) 0.053
Goiter, 1 (%) 2/6 33.3 1/54 18.5 8/19 42.1% 0/12 0.0 <0.001

Group PA-/AT+, girls with autoimmune thyroiditis (AT) but no premature adrenarche (PA); Group PA+/AT—, girls with PA but no AT; Group PA+/AT+, girls with PA and AT;
Group PA—/AT—, girls without PA or AT (controls); n = number; g, gram; BMI, body mass index; kg, kilograms; m?, meters squared; WHR, waist-to-hip ratio; WHtR, waist-to-
height ratio; BP, blood pressure; the results were presented as the median values (min, max). Comparisons between groups were performed using Kruskal-Wallis test.

TABLE 2 Metabolic and endocrine parameters of girls in all study groups.

Group PA—

/AT+(n = 6)

Group PA+/AT—
(n=54)

Group PA+/AT+
(n=19)

Group PA—/AT—
(n=12)

P value

Glucose (mg/dI) 81.5 (74.0-89.0) 82.5 (68.0-106.0) 82.5 (67.0-99.0) 78.0 (69.0-104.0) 0.635
HbAlc (%) 5.20 (4.90-5.70) 5.40 (4.70-5.90) 5.35 (4.90-5.80) 520 (5.00-5.50) 0.087
Total Cholesterol (ng/dl) 177 (154-205) 163 (119-207) 169 (115-212) 160 (120-193) 0.137
LDL (mg/dl) 106 (90-114) 88 (40-142) 96 (57-134) 90 (52-121) 0.125
HDL (mg/dl) 59 (48-88) 61 (42-79) 55 (42-99) 62 (42-78) 0.579
Triglycerides (mg/dl) 54 (43-154) 53 (33-136) 62 (37-123) 49 (25-133) 0.664
hs-CRP (mg/l) 2.19 (1.00-3.24) 1.14 (1.00-3.93) 1.65 (1.00-3.94) 1.20 (0.00-1.57) 0.140
FT4 (ng/dl) 1.32 (1.08-1.52) 1.17 (0.86-1.65) 1.21 (0.96-2.36) 1.12 (0.99-1.34) 0.051
TSH (uUI/ml) 328 (1.24-4.23) 247 (0.71-4.78) 3.09 (0.84-5.00) 1.82 (1.21-3.90) 0.044
Anti-TPO (IU/ml) 30.59 (10.00-173.00) 10.00 (0.22-32.60) 39.29 (1.00-982.00) 10.00 (10.00-23.30) 0.002
Anti-TG (IU/ml) 20.00 (12.70-1386.0) 20.00 (1.40-20.80) 58.00 (2.20-3000.0) 20.00 (20.00-20.00) 0.044
25 (OH)D (ng/ml) 21.90 (19.19-36.00) 24.90 (11.50-41.80) 21.95 (7.30-37.00) 28.25 (20.00-42.00) 0.143
Insulin (UI/ml) 6.67 (6.38-9.34) 8.40 (1.30-24.61) 8.00 (4.50-21.38) 8.10 (5.06-15.60) 0.861
HOMA 1.40 (0.10-1.80) 1.80 (0.20-5.80) 1.65 (1.00-6.50) 1.70 (0.90-4.00) 0.655
QUICKI 0.36 (0.35-0.36) 0.35 (0.30-0.51) 0.35 (0.29-0.39) 0.35 (0.31-0.39) 0.891
IGE-1 (ng/ml) 156.5 (124.0-196.0) 195.0 (103.0-342.0) 165.0 (110.0-374.0) 149.0 (70.1-284.0) 0.012
IGFBP-3 (ng/ml) 5.25 (4.09-5.58) 4.98 (3.03-6.71) 523 (3.65-7.59) 425 (3.27-5.11) 0.049
IGFBP-1 (ng/ml) 10.45 (5.65-13.79) 8.08 (2.69-20.32) 5.14 (1.84-19.04) 15.19 (11.90-34.72) 0.006
Cortisol (ug/dl) 15.87 (10.70-20.50) 11.74 (4.98-22.99) 14.56 (3.94-29.10) 10.60 (6.86-27.80) 0.442
ACTH (pg/ml) 25.22 (19.30-29.80) 18.59 (7.64-59.60) 27.56 (11.50-37.82) 19.22 (7.36-87.70) 0.902
17-OHP (ng/ml) 0.60 (0.26-1.04) 0.79 (0.22-3.14) 0.72 (0.40-1.45) 0.51 (0.21-1.77) 0.058
DHEA-S (ug/dl) 20.10 (5.00-117.00) 66.55 (12.20-202.00) 60.50 (15.00-162.00) 21.35 (0.44-42.10) <0.001
A4-A (ng/ml) 0.30 (0.06-0.52) 0.40 (0.06-1.61) 0.40 (0.15-1.38) 0.30 (0.24-0.39) 0.010
Testosterone (ng/dl) 10.00 (0.20-20.00) 20.00 (0.20-25.20) 20.00 (0.30-21.00) 20.00 (0.20-20.00) 0.261
SHBG (nmol/l) 109.00 (83.61-119.00) 61.36 (31.71-193.70) 66.79 (22.50-133.90) 112.05 (45.90-179.00) 0.177
Leptin (ng/ml) 11.08 (5.23-22.40 7.08 (3.24-23.60) 7.10 (3.28-33.10) 3.39 (1.26-5.96) 0.007
Adiponectin (ug/ml)) 13.55 (10.40-16.10) 11.75 (5.96-20.70) 10.20 (7.67-11.40) 10.60 (8.29-13.80) 0.233
TNF-o. (pg/ml) 0.80 (0.16-5.54) 0.83 (0.19-1.28) 0.85 (0.47-1.20) 0.92 (0.00-2.04) 0.987

Group PA—/AT+, girls with autoimmune thyroiditis (AT) but no premature adrenarche (PA); Group PA+/AT—, girls with PA but no AT; Group PA+/AT+, girls with PA and AT;

Group PA—/AT—, girls without PA or AT (controls). Comparisons between groups were performed using Kruskal-Wallis test.

Reference ranges: Glucose: 70-100 mg/dl, Hemoglobin Alc (HbAlc) < 6.1%; total cholesterol: 120-200 mg/dl; low-density lipoprotein cholesterol (LDL): <130 mg/dl;,
high-density lipoprotein cholesterol (HDL): 35-84 mg/dl; triglycerides: 30—-130 mg/dl; high-sensitivity C-reactive protein (hs-CRP): <2 mg/l; free thyroxine (FT4): 0.65—
1.78 ng/dl; thyroid-stimulating hormone (TSH): 0.5-5 pUI/mL; anti-thyroid peroxidase antibody (anti-TPO): 0-35 U/ml; anti-thyroglobulin antibody (anti-TG): 0-40 U/
ml; 25-hydroxyvitamin D [25 (OH)D]: 20—-80 ng/ml; insulin: 2.6-25 pUI/mL; IGF-1 (insulin-like growth factor 1): 57-277 ng/ml 7-9 years old, 71-394 ng/ml Tanner stage
I; IGF binding protein 3 (IGFBP-3): 1.4-6.1 ug/ml, IGF binding protein 1 (IGF-BP1): 0.1-8 ng/ml; cortisol: 5-25 pg/dl; adrenocorticotropic hormone (ACTH): 9-52 pg/
ml; 17-hydroxyprogesterone (17-OHP): 0.15-0.65 ng/ml 1-9 years old, 0.2—-0.8 ng/ml 9-11 years old; DHEAS (dehydroepiandrosterone sulfate): 6-77 ug/dl 4-9 years
old, 25-214 ug/dl 9-13 years old; A4-androstenedione (44-A): 0.05-0.45 ng/ml 2-9 years old, 0.25-0.8 ng/ml 9-11 years old; testosterone: 1-20 ng/dl 1-10 years
old; sex hormone-binding globulin (SHBG): 18-114 nmol/L, prolactin (PRL): 5-20 ng/ml; leptin: 1-50 ng/ml, adiponectin: 0.1-10 ug/ml; tumor necrosis factor-alpha
(TNF-a): 0.31-20 pg/ml; results are presented as the median values (min, max).
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Hormonal features

The endocrine features of all study groups are summarized in
Table 2. When comparing hormonal parameters among the four
groups of our study significant differences were found in leptin
(p=0.007), TSH (p=0.044), anti-TPO (p=0.002), anti-TG
(p=0.044), IGF-BP1 (p=0.006), A4-A (p=0.01), DHEA-S
(p=<0.001), IGF-1 (p=0.012) and IGF-BP3 (p=0.049) levels
(Figures 1C, D]. In particular, TSH levels were significantly
higher in Group PA+/AT+ compared to Groups PA+/AT— and
PA—/AT—- (p=0.043 and p =0.016, respectively). Moreover, girls
with AT (Groups PA—/AT+ and PA+/AT+) had higher TSH
levels than girls in Group PA+/AT- (p=0.025). In addition,
after adjustment for BMI, leptin concentrations were significantly
higher in Group PA-/AT+ compared to Group PA-/AT—
(p= 0.048) (Table 3). No differences were noted in TNF-o or
adiponectin levels between groups. There were no differences
with respect to insulin resistance indices, ie., HOMA-IR and
QUICKI between the four groups.

Girls in Group PA+/AT + showed higher cortisol response at
60 min post-SDSST than girls in Group PA+/AT- (p=0.035)
(Table 4, Figure 2A). During OGTT, insulin concentrations at
60 min after glucose load were significantly higher in Group PA
+/AT+ compared to Group PA+/AT— (p=0.042) (Table 4,
Figure 2B). The difference between the bone age and the
chronological age was similar in Groups PA+/AT— and PA+/AT +.

Finally, in the entire cohort (n=91) the following significant
associations were found: BMI correlated positively to TSH
(p=0.243, p=0.021), DHEA-S (p=0.320, p=0.003) and 17-
OHP (p=0.242, p=0.022); TSH positively correlated to A4-A
(p=0.227, p=0.04) and 17-OHP (p =0.443, p <0.001); insulin
positively correlated to testosterone (p=0.277, p=0.027) and
17-OHP (p=0.251, p=0.044); leptin positively correlated to
17-OHP (p=0.329, p=0.038); IGF-BP3 to A44-A (p=0.326,
p=0.031); and systolic blood pressure to 17-OHP (p=0.241,
p=0.037). On the other hand, FT4 inversely correlated to

TABLE 3 Comparison of anthropometric and hormonal data between girls
of group PA+/AT+ and those of groups PA—/AT—, PA—/AT+ and PA+/AT-.

Variable | Group PA+/AT | Group PA+/AT = Group PA+/AT
+vs. Group PA | +vs. Group PA | +vs. Group PA
—/AT— —/AT+ +/AT—
P value
BMI 0.012 0279 0.261
Leptin 0.026* 0.788 0.542
TSH 0.016 0.955 0.043
FT4 0.056 0.529 0.082

Group PA-/AT+, girls with autoimmune thyroiditis (AT) but no premature
adrenarche (PA); Group PA+/AT—, girls with PA but no AT; Group PA+/AT+, girls
with PA and AT; Group PA—/AT—, girls without PA or AT (controls).

Vs: vs.; BMI: body mass index; TSH: thyroid-stimulating hormone; FT4: free
thyroxine.

*We used linear regression to investigate whether leptin levels differed among the
four groups when adjusting for the effect of BMI. Group PA+/AT+ did not differ
significantly from any other group, when adjusting for BMI. The only statistically
significant difference after adjusting for BMI was observed between Groups PA
—/AT+ and PA—/AT— (p=0.048). All other pairwise comparisons were not
statistically significant.
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TABLE 4 Comparison of a) cortisol and 17-OHP b) glucose and insulin
responses to SDSST and OGTT, respectively, between groups PA+/AT—
and PA+/AT+.

[ IET! P value

Cortisol 0 min (ug/dl) Group PA+/AT— 11.74 (4.69-26.90) 0.329
Group PA+/AT+ 14.76 (3.58-29.10)

Cortisol 30 min (ug/dl) Group PA+/AT— | 23.90 (15.83-35.60) 0.060
Group PA+/AT+ 26.22 (18.80-39.84)

Cortisol 60 min (pg/dl) Group PA+/AT— | 26.71 (20.92-41.70) 0.035
Group PA+/AT+ 31.06 (17.85-46.51)

17-OHP 0 min (ng/ml) | Group PA+/AT— 0.90 (0.22-2.16) 0.971
Group PA+/AT+ 0.85 (0.48-2.56)

17-OHP 30 min (ng/ml) | Group PA+/AT— 2.04 (0.88-3.39) 0.993
Group PA+/AT+ 2.05 (1.28-3.53)

17-OHP 60 min (ng/ml) | Group PA+/AT— 2.23 (0.27-3.95) 0.693
Group PA+/AT+ 2.36 (1.36-3.99)

OGTT

Glucose 0 min (mg/dl) Group PA+/AT— | 85.00 (81.00-93.00) 0.472
Group PA+/AT+ 88.00 (73.00-96.00)

Glucose 30 min (mg/dl) | Group PA+/AT— | 152.00 (79.00-214.00) 0.144
Group PA+/AT+ | 168.50 (101.00-175.00)

Glucose 60 min (mg/dl) Group PA+/AT— | 126.00 (77.00-209.00) 0.123
Group PA+/AT+ | 151.00 (97.00-179.00)

Glucose 90 min (mg/dl) | Group PA+/AT— | 117.00 (83.00-217.00) 0.458
Group PA+/AT+ | 118.00 (103.00-149.00)

Glucose 120 min (mg/dl) | Group PA+/AT— | 107.00 (73.00-135.00) 0.537
Group PA+/AT+ | 108.50 (85.00-136.00)

Insulin 0 min (uWUI/ml) Group PA+/AT— 8.80 (4.92-24.96) 0.164
Group PA+/AT+ 12.79 (7.08-31.11)

Insulin 30 min (uUI/ml) | Group PA+/AT— | 75.82 (31.34-245.60) 0.210
Group PA+/AT+ | 100.35 (49.52-439.40)

Insulin 60 min (WUI/ml) | Group PA+/AT— | 60.41 (12.22-495.80) 0.042
Group PA+/AT+ | 118.35 (28.94-655.70)

Insulin 90 min (WUI/ml) | Group PA+/AT— | 56.25 (13.90-397.30) 0.057
Group PA+/AT+ | 101.33 (42.10-376.10)

Insulin 120 min (uUI/ml) | Group PA+/AT— | 40.31 (18.45-200.90) 0.091
Group PA+/AT+ | 66.88 (32.72-451.60)

Group PA+/AT-, girls with PA but no AT; Group PA+/AT+, girls with PA and AT;
SDSST, standard dose synachten stimulation test; 17-OHP, 17-
hydroxyprogesterone; OGTT, oral glucose tolerance test; the results were
expressed as the median values (min, max). Comparisons between groups were
performed using Mann-Whitney test.

testosterone (p=-0.364, p=0.001) and SHBG inversely
correlated to DHEA-S (p=-0.334, p=0.029) and A44-A (p=
—0.407, p =0.007).

Discussion

The association between AT and PCOS was first described
more than a decade ago by Janssen et al., who identified AT in
26.9% of PCOS patients compared to 8.4% of controls (31). This
almost threefold higher prevalence of AT in PCOS patients was
subsequently confirmed by other investigators (11, 15, 16, 32—
35). On the other hand, a higher prevalence of PCOS (46.8%)
compared to controls (4.3%) was observed among 13-18-year-old
euthyroid girls with AT (14), suggesting a relationship between
these two conditions (36). The clinical features, hormonal and
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FIGURE 2
(A) cortisol response at 60 min post-standard dose synacthen stimulation test (SDSST) and (B) insulin concentrations at 60 min during oral glucose
tolerance test (OGTT) in girls with premature adrenarche (PA) but no autoimmune thyroiditis (AT) (group PA+/AT-); girls with PA and AT (group PA
+/AT+).Small circles denote outlier values; asterisks denote extreme outlier values.

metabolic derangements of PCOS may emerge during childhood,
first expressed as PA and evolving later to PCOS (17). Previous
studies have shown an increased frequency of insulin resistance,
cardiometabolic aberrations and ovarian hyperandrogenism in
girls with a history of PA (21-23, 37-39), indicating that PA
may be a harbinger of PCOS rather than a normal variant. In
this regard, the risk of developing PCOS in patients with
premature pubarche seems to be 15%-20% (17).

The present study revealed a high frequency of AT (i.e 26%)
among euthyroid prepubertal girls with PA that is significantly
higher than the one reported in healthy schoolgirls in our
country, being 2.2% in prepubertal and 8.2% in pubertal girls,
respectively (40). In concordance with studies from other
countries, the prevalence of AT in the pediatric age has been
reported to range between 1.2%-9.6%, reaching a peak in early
to mid-adolescence (7). As expected (40, 41), the presence of
goiter in our study was more frequent in girls with positive
thyroid autoantibodies (with or without PA).

Frontiers in Pediatrics

To the best of our knowledge, this is the first study to
investigate an association between PA and thyroid autoimmunity
in euthyroid prepubertal girls. In relation to our findings, three
possible mechanisms linking PA and AT could be speculated: i)
obesity ii) insulin resistance iii) increased leptin levels and
associated immune dysregulation (36).

With respect to the role of obesity, our analysis demonstrated
significant differences in BMI values among the four groups of
our study. Of interest, there was a trend -although not
statistically significant- towards higher BMI in girls with PA and
concomitant AT.

The association between increased BMI and both PA-PCOS is
well documented (13, 19). Moreover, an intriguing link between
adiposity and AT has been increasingly reported. Overall, the
frequency of AT in obese subjects ranges between 5.6%-12.4% in
children and 10%-23.6% in adults (10, 42-45). In the United
Kingdom Medical Research Council 1946 British Birth Cohort
study, levothyroxine use and positive anti-TPO antibodies in

frontiersin.org


https://doi.org/10.3389/fped.2023.1064177
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Kyritsi et al.

women at age 60-64 years were positively associated with body weight
or overweight in childhood and adult BMI. Furthermore, women who
were overweight or obese at age 14 years had a higher risk of
developing positive anti-TPO antibodies later in life (46).

Of interest, patients with both PCOS and AT were more
obese by 2 kg/m*> BMI on average than PCOS subjects without
AT (16).

Similarly, euthyroid girls with AT and PCOS had higher BMI,
fasting glucose, cholesterol and HOMA-IR compared to girls with
AT alone or controls (14).

The pathophysiological link between obesity and AT remains
largely unclear, however growing evidence points to reduced
immunological tolerance secondary to an altered balance of
adipokines (e.g., leptin and adiponectin) and cytokines [e.g.,
interleukin 6 and TNF-o)) produced by the white adipose tissue
and resultant abnormalities of the immune response (47).

In addition, numerous studies have demonstrated higher TSH
values in overweight or obese compared to normal-weight subjects
(48, 49). BMI was positively correlated with TSH and negatively
with serum fT4 levels in both adults and children (50, 51),
suggesting that mild variations in thyroid function even within
the reference range may influence the regulation of body weight
or, inversely, may be influenced by the body weight (51).

On the other hand, increased TSH levels were more frequently
observed in children with high anti-TPO titers. A positive
correlation between TSH and anti-TPO levels has been previously
reported, indicating that AT could be linked to an increased
prevalence of subclinical hypothyroidism (10, 40, 41, 49, 52).

Our findings, i.e., the significant positive correlation between
TSH and BMI in the whole study population and the higher
TSH levels in AT girls with or without PA are in agreement with
these findings, suggesting a possible link between thyroid
hormonal status, obesity and thyroid autoimmunity.

Hyperthyrotropinaemia and a moderate increase in thyroid
hormone concentrations have been observed in obese children,
but these are mostly considered as an adaptation process to
weight gain, being the consequence of overweight rather than
the cause of it. Nevertheless, aberrations in thyroid function
usually normalize after moderate weight loss, indicating that
reversible (44, 53). The
underlying these alterations remains unclear, however, several

they may be pathophysiology
mechanisms have been proposed, including: 1) an impaired
negative feedback mechanism, due to a reduced number of T3
(pituitary
resistance) 2) peripheral resistance to thyroid hormones

receptors in the pituitary in obese patients
associated with reduced expression of thyroid genes, particularly
TSHR, in subcutaneous and visceral fat in obese subjects 3)
obesity-induced chronic low-grade inflammation, characterized
by release of inflammatory cytokines from the adipose tissue,
such as TNF-o, interleukin-1 and interleukin-6 which were
shown to have an inhibitory effect on sodium/iodide symporter
(NIS)
compensatory TSH elevation 4) abnormal activity of the

mRNA expression, thus possibly contributing to

deiodinase enzymes D1 and D2 in adiposity resulting in a

higher FT3 to FT4 ratio 5) development of thyroid
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autoimmunity 6) increased leptin levels promoting TRH
secretion from the hypothalamus (42, 44-46, 53).

With regards to this latter mechanism, and in concordance
with previous studies we found higher leptin levels in girls with
AT compared to controls (43, 54). Leptin is a 16-kD adipokine
released from the white adipose tissue in proportion to body
fat mass, with rising levels as BMI increases (55, 56). Leptin
has pleiotropic effects, regulating appetite and energy
expenditure but also neuroendocrine function, metabolism, and
immune responses (56, 57). Leptin activates pro-thyrotropin
releasing hormone (pro-TRH) expression, which results in
TRH release and increased TSH secretion (53). Moreover,
leptin receptor is expressed in normal CD4+, CD8+ T cells,
NK cells and B cells, mediating the immunomodulatory actions
of leptin, which has been shown to enhance the Thl response
(43, 57-59). Among obese subjects, those with AT had higher
leptin levels. Of note, leptin levels were associated with AT,
independent of fat mass and BMI (43). On the other hand, a
subsequent study

between increased leptin levels and thyroid autoantibodies in

demonstrated a positive correlation
nonobese males (56).

Finally, insulin resistance has been increasingly recognized as
contributing factor to the development of thyroid autoimmunity.
Higher fasting glucose, insulin and HOMA-IR values were observed
in euthyroid AT individuals (8, 60). TSH levels were found to
positively correlate with insulin and HOMA-IR levels (8, 61).
Moreover, anti-TPO titers were positively associated to HOMA-IR
and hsCRP levels, independently of thyroid function in non-obese
subjects, indicating that mild changes of thyroid function even in
the euthyroid state, chronic inflammation, and insulin resistance
may be implicated in the development of AT (8, 9). On top of the
above, patients with PCOS and concomitant AT showed higher
total cholesterol, TSH, HOMA-IR and insulin levels at both 30 and
60 min post-OGTT, lower FT'4 and FT4/TSH ratio compared to
those without AT (62). Furthermore, as previously reported in the
study of Ganie et al, euthyroid girls with HT and PCOS had
higher fasting glucose, cholesterol and HOMA-IR compared to girls
with HT alone or controls. In addition, there was a significant
inverse correlation between serum FT4 quartiles and various
components of PCOS (14). The above findings imply that the
concurrence of AT and PCOS may exacerbate the metabolic
aberrations observed in PCOS or AT alone. In line with these
observations, we found higher insulin concentrations at 60 min
during OGTT in girls with PA and AT compared to those with PA
only. Hyperinsulinemia and insulin resistance associated with
variable components of the metabolic syndrome are well known
features in girls with PA (21-23, 37, 63, 64). Taking the above data
into account it could be postulated that the combined occurrence
of AT and PA may be associated with more pronounced metabolic
abnormalities than observed in PA alone.

Another interesting finding of the present study was the higher
cortisol response at 60 min post-SDSST in girls with both PA and
AT than in those with PA only. Elevated levels of salivary and
plasma cortisol have been previously observed in PA girls and
attributed to hyperactivation of the hypothalamus-pituitary-
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adrenal (HPA) axis. It has been hypothesized, that overactivation of
the HPA axis (e.g., related to obesity or prenatal stress exposure)
and the resultant chronic cortisol hypersecretion in susceptible
individuals may lead to visceral fat accumulation, insulin
resistance, release of pro-inflammatory cytokines in adipose
tissue and activation of signaling pathways implicated in the
pathogenesis of PCOS and cardiovascular disease later in life (20,
65, 66). The positive correlation between 17-OHP levels and
systolic blood pressure in our study might indirectly reflect an
association between chronic dysregulation of the HPA axis,
resultant hypercortisolism and the development of components
of the metabolic syndrome.

In addition, the higher cortisol together with higher insulin
levels observed in PA girls with AT, points towards a worse
metabolic and endocrine profile, which -through mechanisms
already discussed- might lead to immune alterations and thus
render these individuals more prone to the development of
thyroid autoimmunity and/or PCOS later in life.

Given that most girls included in our study are girls with PA, the
correlations observed between clinical and endocrine parameters
reflect mainly abnormalities frequently encountered in PA
subjects (21, 23, 37, 63, 64). Interestingly, girls with PA and
concomitant AT tended to have lower IGF-BP1 levels compared
to the other groups. As the hepatic production of both SHBG
and IGF-BP1 is downregulated by insulin, their concentrations
have been suggested as useful markers of insulin resistance (37).
The above finding could indirectly reflect a higher degree of
insulin resistance in these subjects and is in parallel with the
greater response of insulin during OGTT noted in the same
group. Reduced IGF-BP1 levels would result in higher unbound
(free) IGF-1 concentrations and subsequently an increase in both
adrenal and ovarian androgen secretion (66). Indeed, both insulin
and IGF-1 were shown to enhance the ACTH-driven adrenal
steroidogenesis, thus contributing to increased androgen secretion
during adrenarche (18, 37). The positive correlation between BMI
and both DHEAS and 17-OHP observed in our study population
is in alignment with previous observations, suggesting an
association between obesity and androgen excess that may further
aggravate the metabolic dysfunction of affected individuals (13).
Overall, the associations found in this study are in concordance
with previous reports, pointing towards a link between weight
gain, elevation of leptin levels, hyperinsulinemia and consequently
increased adrenal androgen production.

As previously mentioned, not only, BMI but also TSH has been
linked to insulin resistance indices (67). It is noteworthy, that,
among women with PCOS, the association between thyroid
function and IR was shown to be independent of age and BMI
(68), underlining the important role of thyroid hormones on
regulation of insulin sensitivity. A negative association between FT4
and insulin resistance indices has been previously reported (61). In
addition, FT4 quartiles were negatively correlated with various
PCOS components in euthyroid girls with AT (14). Our findings,
i.e,, the positive correlation between TSH and androgen levels, and
negative between FT4 and testosterone, are in concordance with
previous observations, implying a possible association between
insulin resistance and thyroid function in our study population.
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The main strength of the present study is that we included
unselected and well-characterized girls with PA, AT, and
controls, who were evaluated applying the same protocol. To our
knowledge, this is the first study aiming to investigate the clinical
and endocrine features of girls with PA and concurrent AT,
although there are some limitations too that need to be
addressed. Firstly, the number of girls with AT and controls is
small. With regards to the group with AT, the small sample size
reflects the rarity of this condition among prepubertal children.
Concerning the control group, the study was conducted during
the COVID-19 pandemic and the number of children referred
for evaluation in the outpatient setting especially for normal
variants of growth and puberty was significantly reduced.
Secondly, our study population consisted only of girls, so that
our results cannot be extrapolated to boys. Moreover, before
study entry all participants were prepubertal with normal TSH
and FT4 levels. Taking into consideration that the role of
estrogens in the development of autoimmune diseases is well
established, puberty is a state of relative “normal” insulin
resistance, and hypothyroidism is also associated with insulin
resistance we stratified only euthyroid prepubertal girls to reduce
the impact of confounding factors on our results, such as
subclinical or overt thyroid dysfunction and hormonal changes
occurring during different pubertal stages (37, 40, 60). On the
other hand, considering the existing data supporting a
possible positive effect of levothyroxine treatment on thyroid
autoimmune activity, we acknowledge that our results might
have been affected by administration of levothyroxine therapy
in a minority of our participants (60). Furthermore, hormonal
in our carried our

measurements study were

immunoassay-based techniques, which are widely used in

using

clinical and research settings, albeit known to have reduced
specificity, when compared with the mass spectrometry methods.

In conclusion, the present study revealed a high frequency of
AT among euthyroid prepubertal girls with PA, and while
waiting for larger studies to confirm our findings, screening
PA girls for autoimmune thyroid disease would be justifiable.
Girls with PA and concomitant AT had higher TSH levels,
cortisol response post-SDSST and insulin levels during OGTT
compared to those with PA alone. Our findings indicate that a
combination of PA with AT even in the euthyroid state may be
associated with a greater degree of insulin resistance, which
might aggravate the metabolic abnormalities observed in PA
alone. The importance of achieving and maintaining a normal
weight should by stressed and lifestyle changes and regular
exercise should be encouraged in all overweight and obese PA
children with or without AT. Further studies are required to
better elucidate the underlying pathophysiological mechanisms
linking PA and AT.
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