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Background: In adults, a significant impact of thyroid dysfunction and autoimmunity on
health-related quality of life (HRQoL) and mental health is described. However, studies in
children and adolescents are sparse, underpowered, and findings are ambiguous.

Methods: Data from 759 German children and adolescents affected by thyroid disease
[subclinical hypothyroidism: 331; subclinical hyperthyroidism: 276; overt hypothyroidism:
20; overt hyperthyroidism: 28; Hashimoto’s thyroiditis (HT): 68; thyroid-peroxidase
antibody (TPO)-AB positivity without apparent thyroid dysfunction: 61] and 7,293 healthy
controls from a nationwide cross-sectional study (“The German Health Interview and
Examination Survey for Children and Adolescents”) were available. Self-assessed HRQoL
(KINDL-R) and mental health (SDQ) were compared for each subgroup with healthy
controls by analysis of covariance considering questionnaire-specific confounding
factors. Thyroid parameters (TSH, T4, fT3, TPO-AB levels, thyroid volume as well as
urinary iodine excretion) were correlated with KINDL-R and SDQ scores employing
multiple regression, likewise accounting for confounding factors.

Results: The subsample of participants affected by overt hypothyroidism evidenced
impaired mental health in comparison to healthy controls, but SDQ scores were within
the normal range of normative data. Moreover, in no other subgroup, HRQoL or mental
health were affected by thyroid disorders. Also, there was neither a significant relationship
between any single biochemical parameter of thyroid function and HRQoL or mental
health, nor did the combined thyroid parameters account for a significant proportion
of variance in either outcome measure. Importantly, the present study was sufficiently
powered to identify even small effects in children and adolescents affected by HT,
subclinical hypothyroidism, and hyperthyroidism.
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Conclusions:

In contrast to findings in adults, and especially in HT, there was no

significant impairment of HRQoL or mental health in children and adolescents from
the general pediatric population affected by thyroid disease. Moreover, mechanisms
proposed to explain impaired mental health in thyroid dysfunction in adults do not pertain
to children and adolescents in the present studly.

Keywords:

health-related quality of life,

mental health, SDQ, subclinical hypothyroidism, subclinical

hyperthyroidism, overt hypothyroidism, overt hyperthyroidism, autoimmune thyroiditis

INTRODUCTION

Up to 30 percent of adult patients affected by thyroid dysfunction
have been reported to suffer from psychological impairments
despite proper medical treatment (1), and up to 20 percent are
affected by depression (2). Whether children and adolescents
with thyroid disease are likewise affected by impaired health-
related quality of life (HRQoL) or mental health has not yet
been rigorously investigated, despite thyroid disorders being a
common endocrine disease in this age group. Aberrant laboratory
findings of the hypothalamus-pituitary-thyroid axis are detected
in about 3.5% of children and adolescents on occasional testing
(3), and thyroid disorders are among the top 5 reasons for referral
to pediatric endocrinology (4).

Subclinical hypothyroidism (HYPOsc), defined by an elevated
thyrotropin (TSH) level above the age-specific reference range
despite a normal free T4 (fT4), is a common finding in children
and adolescents with an estimated prevalence of 1.7 to 2.9% (5, 6).
Studies investigating HRQoL and mental health in pediatric
HYPOgc are rare, and findings are ambiguous. While Holtmann
et al. (7) found significantly higher TSH levels in children and
adolescents affected by impaired mental health, neither Cerbone
et al. (8) nor Zepf et al. (9) could relate HYPOgc to affective and
behavioral dysregulation. However, pediatric sample sizes so far
have been small. Considering only subtle effects of HYPOsc on
clinical and metabolic outcomes (5), a larger sample size might be
necessary to disclose effects of HYPOgc on HRQoL and mental
health in children and adolescents.

In overt hypothyroidism (HYPOqgyggrr), there is a
significantly elevated TSH accompanied by a fT4 level below
the age-specific reference range. The most common cause of
HYPOovEgrr is Hashimoto’s thyroiditis (HT) (5), a condition
that is the most common autoimmune disease in children and
adolescents (10, 11). In adults, several studies found an impaired
HRQoL in HT [e.g. (12-16)], even in patients treated with
levothyroxine (1, 17). Notably, most of the studies reported a
significant linear and inverse relationship between TPO-AB
levels and HRQoL (14, 17-19). Data regarding the relationship
between HT and HRQoL or mental health in children and
adolescents are rare. A single study focusing on adolescent
patients with type 1 diabetes showed an impaired HRQoL in
those patients with levothyroxine treated HT (20). However,
no research investigating the relationship between mental
health and HT has been conducted even though HT and
hypothyroidism have been related to depression and anxiety
disorders in adults by a recent large-scale meta-analysis (21).

In recent years, improved TPO-AB assays (22) and the
resampling of reference populations for assay calibration (23)
have resulted in lower cut-off levels for TPO-AB positivity.
Also, there is a growing awareness of an increase in TPO-AB
positivity with the onset of puberty, especially in girls (24-26).
However, the clinical phenotype, including HRQoL and mental
health, of children and adolescents who only evidence increased
TPO-AB levels but no signs of thyroid dysfunction (i.e., normal
thyroid hormone levels, unremarkable ultrasonography of the
thyroid gland; subsequently TPO,yy) is not well-characterized
and, thus, information on the relevance of this condition
is lacking.

Subclinical hyperthyroidism (HYPERsc), defined in the
literature by a TSH level below the age-specific reference range
and a normal fT4 [e.g, (27, 28)], is observed in 2.3% of
adolescents aged 13-16 years (29). In adults, there is ambiguous
evidence regarding the relationship between HYPERsc and
HRQoL as well as mental health. While Biondi et al. (30) found
an impaired HRQoL in HYPERgc and Kvetny et al. (31) could
show a slightly increased risk of subclinical depression, mood and
cognition were not affected by HYPERgc in 3 population-based
studies (27, 32, 33). No study has been conducted in children and
adolescents so far.

HYPERovERT, characterized by a TSH level below and an
fT4 above the age-specific reference range, is a rare condition
observed in 0.1 to 3 cases in 100,000 children and most
commonly caused by Graves’ disease (34, 35). In adults, HRQoL
is significantly reduced before (36) but also after treatment
of Graves disease (32, 37, 38), independent of the treatment
modality. Abraham-Nordling et al. (32) and Riguetto et al.
(38) also investigated the relationship between thyroid hormone
status and HRQoL, but there was no consistent relationship
across studies. Zader et al. (39) recently published findings
on the prevalence of mental health disorders in children
and adolescents with physician-diagnosed HYPERoygrT and
reported a significantly increased risk of a diagnosis of ADHD,
adjustment disorder, anxiety, and bipolar disorder as well
as depression.

Due to the prevalence and therefore also importance of
thyroid dysfunction and thyroid autoimmunity, the present study
was intended to investigate the relationship between thyroid
disorders and HRQoL as well as mental health in children
and adolescents relying on data from a large nationwide cross-
sectional study.

Considering  the
following hypotheses:

current literature, we tested the
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H;: In HT, HRQoL is impaired, and the risk for mental health
problems is increased.

H,: In HT, TPO-AB
negative correlation.

Hj: In HYPOsc, HRQoL is not affected, and the risk of mental
health problems is not increased.

Hy: In HYPOsgc, there is no correlation between HRQoL with
thyroid hormone status and other markers of thyroid function
(including TPO-AB levels and thyroid volume).

Hs. In HYPOovgrt, HRQOL is impaired, and the risk of
mental health problems is increased.

He: In HYPERovERT, HRQOL is impaired, and the risk of
mental health problems is increased.

levels and HRQoL show a

MATERIALS AND METHODS
Study Population

‘The German Health Interview and Examination Survey for
Children and Adolescents’ (KiGGS) was conducted by the
Robert Koch Institute (RKI) between 2003 and 2006 to provide
information on the health status of German children and
adolescents. Details on the study design, the sampling strategy,
and the study protocol have been described in detail elsewhere
(40). Briefly, a two-stage random, clustered, and representative
sample of German children and adolescents was selected (40).
The final sample included 17,641 children and adolescents (8,656
girls, 8,985 boys; 0-6 years: 6,680, 7-13 years: 7,224, 14-17
years: 3,734). Parents and children aged 11 years and older
completed self-administered, standardized questionnaires, and
parents additionally participated in a computer-assisted personal
interview conducted by a specially trained study physician that
also performed a physical examination, thyroid ultrasonography,
and phlebotomy for laboratory assessment (40). The study was
approved by the Charité Berlin ethics committee as well as the
Federal Office for the Protection of Data (40). Written informed
consent was obtained from parents as well as from children aged
14 years and older.

Only children and adolescents with information on
thyroid function, thyroid autoimmunity, the intake of thyroid
medication, and pre-existing thyroid disease as well as HRQoL
and mental health (SDQ) were included for analyses. Thus,
in total, the sample comprised 8,052 children and adolescents
(3,902 girls, 4,150 boys; 3-5 years: 92, 6-12 years: 4,492, 13-18
years: 3,466).

Questionnaires

The SDQ is a well-established, multi-informant questionnaire
with verified reliability and validity conceptualized to screen for
mental health symptoms as well as positive attitudes in children
and adolescents assessing 5 dimensions (emotional symptoms,
conduct problems, hyperactivity/inattention, peer relationship
problems, and prosocial behavior) by 25 items on a 3-point Likert
scale (0-2). By summing the subscores from each dimension,
a total difficulties score (subsequently SDQ-TD score) can be
calculated with higher scores indicating more problems (for

information on the normal range of SDQ-TD and KINDL-R
scores s. Table 1B) (41).

HRQoL was measured using the KINDL-R. The KINDL-R is
a widely used either self- or parent-reported questionnaire with
good psychometric properties and consists of 24 items assessing
6 dimensions of HRQoL (physical well-being, emotional well-
being, self-esteem, family, friends, everyday functioning) scored
on a five-point Likert scale (1-5). A total score can be calculated
and transformed to values between 0 and 100. Higher scores
indicate a better quality of life (44).

While in children younger than 11 years we used the scores
on the parent-proxy form of self-administered questionnaires,
in children older than 11 years we referred to the scores of the
self-report form of the questionnaires for analyses (45).

The computer-assisted interview covered the medical history
of the participating children and adolescents and asked parents
for selected, previously physician-diagnosed chronic conditions
as well as other chronic conditions, including thyroid disease,
in an open-ended question format. Moreover, the computer-
assisted interview comprised a detailed section on the use of
medication within the last 7 days, either prescribed or sold as
an over-the-counter drug. To verify the reported medication,
parents were asked to bring the original containers or package
inserts on the day of the interview. Specific ATC (Anatomical
Therapeutic Chemical) codes were recorded for all reported
medication (40).

Additional questionnaires covered information on the
educational and professional status as well as on the total
household income of the participants’ families as well as
comprehensive information on the migration background of
participants, including nationality (40).

Laboratory Studies

Blood samples were obtained by a venous puncture after a
median fasting period of 2h using a vacutainer system. Whole
blood was stored at 4°C and serum at —40°C before the transfer
of samples to the central laboratory of the RKI within 3 days after
sample collection (46).

Analyses of serum TSH and fT4 levels were performed with
the Elecsys 2010® immunoassay analyzer (Roche Professional
Diagnostics, Rotkreuz, Germany). TSH and T4 assays employed
are sandwich electrochemiluminescence immunoassays (ECLIA)
with an inter-assay variation of <3.9% and <5.3% and a
detection range of 0.005 to 100 IU/ml and 0.023 to 7.77 ng/ml,
respectively (46). TPO-antibody levels were measured on a
Phadia 250® immunoassay system (Thermo Fisher Scientific,
Uppsala, Sweden) in conjunction with the ImmunoCap TPO
assay, a fluoro-enzyme-immunoassay (FEIA) with an inter-
assay variation of <4.9%. According to the package insert,
the measurement range of the assay lies between 33.4 and
3600 IU/ml, and the cut-off level for TPO-positivity has been
established at > 100 IU/ml.

TSH, fT4, and fT3 levels were z-transformed according to age-
and gender-specific reference ranges (for details, please refer to
the Supplementary Material).

Urinary iodine excretion was determined from spot
urine samples according to the Sandell-Kolthoff reaction as
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TABLE 1A | Subsample characteristics - demographics.

Controls HT TPOoniy Subclinical Subclinical Overt Overt
(N = 7293) (N = 68) (N =59) hypothyroidism hyperthyroidism hypothyroidism hyperthyroidism
(N =331) (N = 276) (N = 20) (N =28)

Age 12.15 (3.35) 14.16 (2.47) 13.73 (3.32) 11.02 (4.20)" 11.00 (4.20)* 10.54 (2.89) 12.16 (4.22)
z-BMI —0.03 (0.98) 0.12 (1.03) 0.16 (0.86) 0.11 (1.07) —0.11 (0.98) 0.11 (1.04) —0.32 (0.99)
Gender (female) 48.1% 77.9%* 72.9%* 46.2% 48.2% 45% 60.7%
TPO positivity 0%# 100%"* 100%"* 7.3%* 1.3%* 27.8%* 12.5%*
Levothyroxine 0%# 19.1%* 0% 1.5%* 0.4% 0% 14.3%*
lodine 0%# 8.8%* 0%"* 2.1%* 0.4% 0% 3,6%"
Diagnosed thyroid 0% 29.4%* 0% 2.5%* 2.3%* 5%* 21.4%*
disease
Altered echogenicity 0%# 32.8% 0%* 0.9%* 0%+ 5.3%* 3.6%"
Irregularities US 0%# 35.3%* 6.8%"*8 2.4%* 1.4%* 15%* 7.1%*
Psychotropic 1.4% 0% 1.8% 0.6% 1.9% 5% 0%
medication®
General health® 86.0% 85.2% 75.0% 85.9% 86.4% 71.4% 86.7%

Mean and standard deviation in brackets or percentage. *Significant differences in comparison to healthy controls FDR-corrected at q < 0.05. 8Significant mean difference in comparison
to HT FDR-corrected at q < 0.05 (also compare to Table S3). * By definition, + not statistically evaluated additionally to irregularities on ultrasonography, 8good or very good (parent-rated).
°Does not include antiepileptics or phytopharmaceuticals. Note, irregularities on ultrasonography include altered echogenicity. US = ultrasonography.

TABLE 1B | Subsample characteristics — mental health and thyroid functioning.

Controls HT TPOoniy Subclinical Subclinical Overt Overt
(N =7293) (N =68) (N =59) hypothyroidism  hyperthyroidism hypothyroidism hyperthyroidism
(N = 331) (N = 276) (N = 20) (N = 28)

KINDL® 75.33 (10.16) 73.93 (9.16) 70.98 (9.00) 76.78 (9.87) 76.55 (10.53) 72.74 (7.65) 73.61 (10.76)

(n=7171) (n = 66) (n=58) (n=327) (n = 267) (n = 20) (=27
SDQS 9.25 (4.83) 9.30 (4.17) 10.56 (4.72) 8.80 (4.73) 9.70 (4.80) 11.42* (4.55) 9.22 (4.79)

(n=71086) (n = 66) (n=57) (n = 323) (n =262) (h=20) (n=27)
z-TSH —0.01 (0.86) 1.36" (1.42) 0.42*% (0.82) 2.43" (0.49) —2.59% (0.66) 4.18" (3.51) —3.74* (2.39)

(n = 7293) (n =68) (n = 59) (n = 331) (n = 276) (h=20) (n=29)
z-fT4 0.02 (0.85) —0.01 (1.36) —0.07 (0.90) 0.02 (0.90) 0.15(0.88) —3.37% (2.68) 3.28" (1.65)

(n = 7293) (n = 68) (n = 59) (n = 331) (n = 276) (n =20) (n=28)
z-fT3 0.03 (0.98) —0.04 (1.11) 0.28 (1.01) 0.33* (1.10) 0.36* (1.667) —0.92* (1.51) 2.19% (2.94)

(n = 7290) (n=68) (n =59) (n = 331) (n = 276) (h=20) (n=28)
TPO-AB (IU/ml) 50.21 (13.86) 441.01%(380.39)  251.80*¢ (188.00) 264.69% (301.92)  228.10* (257.00)  546.81% (534.84)  511.00% (323.36)

(n=134)" (n=68) (n =59) (n =30) (h="5) h=7) (n=29)
Urinary iodine 125.55 (77.68) 129.58 (95.73) 126.96 (89.88) 141.81* (91.78) 145.10* (85.30) 138.08 (78.25) 143.49 (104.58)
excretion (mg/l) (n = 6394) (n = 56) (n=51) (n = 294) (n = 236) (h=15) (n=24)
z-thyroid volume —0.01 (0.86) 1.83* (1.62) 0.66*8 (0.69) —0.11* (1.20) 0.11 (1.09) 0.06 (1.50) 0.60* (1.21)

(n=7271) (n=68) (n = 55) (n=279) (h =231) (h=18) (n=25)

Mean, standard deviation as well as the number of cases considered in brackets. *Significant mean differences in contrast to controls FDR-corrected at g < 0.05, also compare to
Table 3. §Signiﬁcant mean difference in comparison to HT FDR-corrected at q < 0.05, also compare to Table S3. #Not tested. * Note: Only 134 controls had a TPO-AB titer above the
detection threshold of the assay. $Normal range SDQ-TD scores: < 11 years: < 16, > 11 years: < 17 (42, 43), normal range KINDL-R: &< 11 years: > 68, 11-13 years: > 64, 14-18

years: > 59; ¢< 11 years: > 68, 11-13 years: > 63, 14-18 years: > 55 (44).

recommended by the WHO. Measurements were performed on
a Miras Cobas Plus analyzer [Roche Professional Diagnostics,
Rotkreuz, Germany; for a more detailed description of the
methodology, please refer to (47)].

Physical Examination

In children 2 years and older, height was determined in upright
posture using a calibrated stadiometer without wearing shoes.
Height was recorded with a precision of 0.1 cm. Weight was
measured wearing underwear by an electronic scale displaying

weight with a precision of 0.1kg. BMI was determined by
the ratio of weight in kg and the height in meters squared
(kg/m?) (48).

Ultrasonography

In children 6 years and older, thyroid volume was measured
by ultrasonography. The length (I), width (w), and depth (d)
of each lobe was measured in transverse and longitudinal views
by a 7.5 MHz linear-array transducer in supine position. The
volume of each lobe was calculated according to Brunn et al.
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(49) by multiplying the obtained thyroid dimensions considering
a correction factor (I x w x d x 0.479). Total thyroid volume
was determined by summing the volume of both lobes. Irregular
echogenicity, cysts, nodules as well as uncommonly located
thyroid tissue were recorded. Before the study, all investigators
were trained on performing a standardized volumetry of the
thyroid gland. Throughout the study, average measurements of
thyroid volume were compared between investigators to identify
and correct systematic errors of measurement [(47); for details on
the construction of percentile curves for thyroid volume, please
see the Supplemental Material].

Core Definitions

HYPOgsc and HYPERgc were defined by z-standardized TSH
levels above and below 1.96 SDS (97.5 percentile), respectively,
and z-standardized fT4 and fT3 levels within normal range
(£1.96 SDS). In HYPOovgrT and HYPERQvERT, z-standardized
T4 or fT3 levels were additionally required to be above and below
1.96 SDS, respectively.

A diagnosis of HT was assumed in participants of the
KiGGS study with a TPO-AB level above 100 IU/ml as well
as no diagnosis of Graves' disease and at least one of the
following conditions: HYPOsc or HYPOgqvgrt, irregularities
of echogenicity on thyroid ultrasonography, an increased or
decreased thyroid volume, prescription of thyroid medication
(levothyroxine), or a previously physician-diagnosed HT.
TPOonly participants were characterized by elevated TPO-AB
levels but no evidence of thyroid dysfunction (normal z-
standardized TSH, fT4, fT3 levels, normal thyroid volume and
echogenicity, no previously physician-diagnosed thyroid disease,
no prescription of thyroid medication). Note, these definitions
of HT and TPO,,ly excluded that an euthyroid participant of
the KiGGS study with a previously physician-diagnosed HT was
misclassified as TPOyply-

Participants of the KiGGS study without a previously
diagnosed thyroid disease, without thyroid medication
(levothyroxine, iodine), without elevated TPO-AB levels
above the assay cut-off as well as with normal thyroid
hormone levels (TSH and fT4) and normal thyroid volume on
ultrasonography were classified as healthy controls. According
to this definition, patients with congenital hypothyroidism and
thyroidectomy were either excluded from the group of healthy
controls or only considered when on inadequate levothyroxine
replacement therapy.

Statistics—Overview

All analyses, including post-hoc contrasts, if applicable, without
hypotheses, were tested two-tailed and corrected for multiple
comparisons controlling the false-discovery-rate (FDR) at g <
0.05 (50) if not otherwise specified. Due to the large sample
size rendering minor effects significant, results were also assessed
considering effect size (s?, R%, d, partial n?) and only deemed
meaningful if there was at least a small effect (sr? > 0.02, R? >
0.01, d > 0.2, partial n?> > 0.01) according to Cohen (51). Data
handling and statistical analyses were performed with SPSS 25.0
(Armonk, NY: IBM Corp.). Effect size calculations and power

analyses were either performed with SPSS, GPower [3.1, HHU
Diisseldorf (52)], or an online calculator (53).

Analysis of (Co-)Variance

Comparisons between participants affected by thyroid
autoimmunity (HT and TPOgpy) and thyroid dysfunction
(subclinical or overt hypothyroidism or hyperthyroidism) with
controls as well as between TPO,y1y and HT participants were
performed by analyses of (co-)variance (AN(C)OVA) regarding
the dependent variables KINDL-R and SDQ-TD scores, z-
standardized thyroid hormone levels (TSH, fT4, and fT3),
TPO-AB titers, urinary iodine excretion, and z-standardized
thyroid volume. Covariates known to affect KINDL-R and SDQ-
TD scores (age, gender, social status, migration background,
and residency in East or West Germany) have previously been
identified (44, 54). Despite partially ambiguous evidence, we
also considered covariates affecting thyroid hormone levels
(use of levothyroxine and iodine), BMI (55, 56), smoking
(57), vitamin D status (58), combined oral contraceptives
(59), TPO-AB titers [iodine exposition (60)], urinary iodine
excretion (iodine supplementation), and thyroid volume [BMI
(47)] for analyses. Covariates were considered for ANCOVA
testing if there was a significant correlation and at least a small
effect (r > £ 0.1) (61). Correlation analyses were performed
considering the scale of measure (interval scaled variables:
Pearson correlation r; interval scaled and dichotomous variable:
point-biserial correlation 7,p; interval scaled and ordinal scaled
variable: Kendall 7) as indicated (for detailed information on
the statistics performed and the evaluation of assumptions
made by the statistical procedures employed, please refer to the
Supplementary Material).

Multiple Regression

The relationship between KINDL-R and SDQ-TD scores and
z-standardized thyroid hormone levels (TSH, fT4, fT3), z-
standardized thyroid volume, urinary iodine excretion, TPO-
AB levels was assessed for each thyroid disease group by
multiple regression combining a standard hierarchical approach
with stepwise regression. Covariates identified earlier to affect
either the dependent variable (KINDL-R or SDQ-TD scores) or
the independent variables (z-standardized TSH, fT4, fT3, and
thyroid volume, urinary iodine excretion as well as TPO-AB
level) were entered as the first block of regressors and assessed
via stepwise regression. Thereafter, the independent variables
outlined above were entered as a second block of regressors.
The combined variance accounted for in KINDL-R and SDQ-
TD scores by the independent variables (thyroid parameters) was
assessed by testing the change in R? against zero.

Demographics and Sensitivity Analysis

Differences in the frequency of gender, the use of levothyroxine
or iodine, previously physician-diagnosed thyroid disease, and
irregular echogenicity on ultrasonography were assessed in
comparison to healthy participants as well as between HT and
TPOgnyy participants by x2 tests of independence and Fisher’s
exact test in case of cell counts < 5. Age and BMI were compared
between groups by ANOVAs and post-hoc tests.
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Sensitivity analyses were conducted to verify results.
Considering thyroid autoimmunity, we repeated analyses with
a TPO-AB cut-off level of 200 IU/ml. Analyses regarding
SChypo and HYPERgc were also conducted considering only
participants with a TSH level above and below 3 SDS (99.9 and
0.01 percentile), respectively.

RESULTS

KINDL-R and SDQ—ANCOVA

Neither transformed KINDL-R scores (p = 0.114; see Table 1B
and Table S2 for detailed statistics regarding the analysis of
KINDL-R and SDQ-TD scores) nor transformed SDQ-TD scores
(p = 0.308) did significantly differ between participants with
thyroid autoimmunity and healthy controls considering the via
correlation analysis identified covariates age [KINDL: (7 595) =
—0.354, p < 0.001; SDQ: 77305 = —0.170, p < 0.001] and
social status [SDQ: r(7229) = —0.132, p < 0.001; s. Table 3
for detailed results]. Thus, H; (impaired HRQoL and increased
risk of mental health problems in HT) was rejected. Power for
detecting a small effect (d = 0.3) regarding a mean difference
in either KINDL-R or SDQ-TD scores between HT participants
and healthy controls was adequate (0.79), however insufficient for
TPOonly participants (Table 2).

In participants affected by thyroid dysfunction, age [KINDL:
7(7,809) = —0.350, p < 0.001; SDQ: r7,922) = 0.167, p <
0.001] and social status [SDQ: 7735y = —0.136, p < 0.001,
respectively] were identified as significant covariates. There
was a significant difference regarding transformed SDQ-TD
scores (p = 0.029) but not transformed KINDL-R scores
(p = 0.253) in comparison to healthy controls. Post-hoc
contrasts revealed a significant difference between the small
subsample of participants with HYPOgvgrT and healthy controls
(see Table3 for a summary of contrasts performed) even
though SDQ-TD scores in HYPOqoygrr were still within the
normal range (M: 11.43, normal range < 15). A likewise
significant post-hoc contrast between participants with HYPERg¢
and healthy controls, however with negligible effect size, did
not survive the correction for multiple comparisons (p =
0.028, d = 0.14). In consequence, Hs (impaired HRQoL and
increased risk of mental health problems in HYPOgyert) and
He (impaired HRQoL and increased risk of mental health
problems in HYPERqyert) could not be confirmed since there
was no significant effect of overt thyroid dysfunction on

HRQoL or mental health. H3 (unaffected HRQoL and mental
health in HYPOsc), however, was supported as we did not
observe any effect of HYPOsc on HRQoL. While power for
detecting a small effect (d = 0.3) regarding a difference in
either KINDL-R or SDQ-TD scores between HYPOgc and
HYPERsc and healthy controls was sufficient (0.99), power in
participants affected by HYPOovgrr and HYPERgvgrT was
not (Table 2; for results of the sensitivity analysis, please see
Supplementary Material).

KINDL-R and SDQ—Multiple Regression

Only in healthy controls but in neither group affected by
thyroid dysfunction or autoimmunity, thyroid parameters (z-
standardized TSH, fT4, and fT3 levels, z-standardized thyroid
volume and urinary iodine excretion) accounted for a significant,
however negligible, proportion of variance in KINDL-R scores
(R = 0.002) in addition to age, social status, and BMI. Moreover,
in neither group, thyroid parameters accounted for a significant
proportion of variance in SDQ-TD scores when analyses were
corrected for multiple comparisons (Table 4).

Despite a significant but again negligible linear relationship
(s¥2 = 0.001) between z-standardized TSH levels and KINDL-
R scores in healthy controls, no such association was detected
between any single thyroid parameter and KINDL-R or SDQ-
TD scores in any other group affected by thyroid dysfunction
or autoimmunity when considering the confounding factors age,
social status, and BMI and a correction for multiple comparisons.
These findings are in line with Hy (no correlation between
HRQoL and thyroid hormone status in HYPOgc) but result in
rejection of H, (negative correlation between TPO-AB levels and
HRQoL in HT).

Also in healthy controls, z-standardized fT4, fT3, thyroid
volume, and urinary iodine excretion did not account for a
significant proportion of variance in KINDL-R or SDQ-TD
scores when accounting for multiple testing and considering the
covariates age, social status, and BMI.

Note, TPO-AB levels were only regressed on KINDL-R and
SDQ-TD scores in participants with thyroid autoimmunity but
not in participants with thyroid dysfunction as the number of
participants with detectable TPO-AB levels in the latter case was
insufficient for meaningful analyses. This also applied to urinary
iodine excretion, which was excluded from regression analyses in
participants with HYPOovygrtr and HYPERQvERT.

TABLE 2 | Results of the power analysis.

Outcome HT TPOoniy Subclinical Subclinical Overt Overt

variable hypothyroidism hyperthyroidism hypothyroidism hyperthyroidism
d=03 KINDL-R 0.79 0.74 >0.99 >0.99 0.38 0.46
sSDQ 0.79 0.73 >0.99 >0.99 0.38 0.46
d=05 KINDL-R 0.99 0.98 >0.99 >0.99 0.72 0.84
sSDQ 0.99 0.99 >0.99 >0.99 0.72 0.83

Power to detect a small (d = 0.3) and medium (d = 0.5) effect size in mean difference in comparison to controls regarding KINDL-R and SDQ total difficulties scores separately for

participants with thyroid autoimmunity and thyroid dysfunction.
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TABLE 3 | AN(C)OVA results.

HT TPOoniy Subclinical Subclinical Overt Overt
hypothyroidism hyperthyroidism hypothyroidism hyperthyroidism
KINDL -0.69 2.50 -0.32 -0.13 4.27 1.76
[-3.00; 1.61] [0.04; 4.95] [-1.82; 1.20] [-1.80; 1.53] [-1.70; 10.24] [—3.38; 6.90]
p = 0.555 p =0.046 p = 0.999 p = 0.999 p =0.371 p=-984
SDQ 0.38 —0.86 0.19 —0.65 -2.40 0.29
[-0.75; 1.52] [-2.07; 0.36] [-0.35; 0.71] [-1.22; —0.07] [-4.45; —0.35] [-2.05; —1.48]
p = 0.507 p=0.169 p =0.484 p=0.028,d =0.14 p=0.022,d = 0.52 p =0.751
z-TSH -1.37 -0.43 —2.44 2.56 —4.25 3.67
[-1.57; —1.16] [-0.65; —0.2] [-2.54; —2.35] [2.46; 2.67] [-4.62; —3.89] [3.35; 3.99]
p <0.001, d =1.17 p < 0.001,d =0.51 d =349 d=3.33 d=1.64 d=2.08
z-fT4 0.00 0.09 -0.13 3.39 -3.26
[-0.20; 0.21] [-0.13; 0.31] [-0.09; 0.10] [-0.23; —0.02] [3.01; 3.77] [-3.58; —2.93]
p =0.967 p =0.443 p=0917 p =0.016,d=0.15 p <0.001,d =1.71 p < 0.001,d =248
z—T3 0.08 —-0.24 —0.30 -0.33 0.95 -2.16
[-0.16; 0.31] [-0.50; 0.01] [-0.41; —0.18] [-0.45; —0.20] [0.50; 1.40] [-2.54; —1.78]
p =0.527 p = 0.055 p <0.001,d=0.29 p <0.001,d=0.24 p <0.001,d=0.75 p <0.001,d=0.99
TPO-AB —390.81 —200.83 - - - -
[-453.43; —328.18] [-266.54; —135.11]
p <0.001,d =1.45 p <0.001,d =1.51
Urinary iodine —4.08 —1.41 -16.26 —-19.55 —12.53 —-17.94
excretion [-24.54; 16.48] [-22.89; 20.07] [—25.46; —7.06] [—29.78; —9.33] [-52.41; 27.34] [-49.49; 13.61]
p =0.700 p =0.898 p <0.001,d=0.19 p <0.001,d =0.24 p =0.538 p =0.265
z-thyroid volume* —2481.12 —1535.63 452.59 —275.67 278.28 —1227.90
[-2968.43; —1993.82] [-2076.89; —994.16] [192.10; 751.31] [-571.04; 9.71] [—729.41; 1285.97] [-2083.37; —372.44]
p <0.001,d = 1.26 p <0.001,d=0.84 p=0.001,d=0.20 p =0.058 p =0.588 p = 0.005, d = 0.62

Significant contrasts are marked in bold, d refers to Cohen'’s effect size measure comparing means. Please note that differences in means may not correspond to results presented in
Table 1B in case of ANCOVA testing and correction of means for covariates. *Results refer to differences in ranks but not z-standardized thyroid volume. Mean differences and the 95%
confidence intervals in brackets between the respective group as outlined in each column and healthy controls FDR-corrected for multiple testing at g < 0.05.

TPoonIy
There was no significant difference between the TPO,y and
the HT group regarding transformed KINDL-R (p = 0.062; see
Table S3 for detailed statistics) or transformed SDQ-TD scores
(p =0.142).

Regarding thyroid parameters, both groups significantly
differed with regard to z-standardized TSH (p < 0.001, d = 0.82;
lower in TPOgpyy), TPO-AB titers (p < 0.001, d = 0.27; lower
in TPO,ply) as well as the frequency of a previously physician-
diagnosed thyroid disease (prisher's exact test < 0.001, d = 2.14),
the frequency of levothyroxine prescription prighers exact test <
0.001, d = 1.86), and structural irregularities on thyroid
ultrasonography prisners exact test < 0001, d = 1.11).

DISCUSSION

Studies on HRQoL and mental health in children and adolescents
affected by thyroid disease are rare, and findings are ambiguous.
Moreover, children and adolescents with subclinical thyroid
dysfunction and subclinical thyroid autoimmunity have not yet
been sufficiently characterized with regard to thyroid function
parameters as well as demographic aspects. Thus, based on a
nationwide cross-sectional study, we investigated the relationship
between HRQoL as well as mental health on the one hand and
thyroid dysfunction and autoimmunity on the other hand.

Contrary to our hypotheses which based on findings in adults,
neither HRQoL nor mental health was significantly affected
in children and adolescents with subclinical or overt thyroid
dysfunction and with thyroid autoimmunity. The only exception
were higher scores on the SDQ in HYPOgvgrT in comparison to
healthy controls. However, these scores were nonetheless within
the normal range of normative data (Tables 1B, 3). Moreover, in
neither group affected by thyroid dysfunction or autoimmunity,
thyroid hormone levels (TSH, T4, fI'3), TPO-AB levels, urinary
iodine excretion, or thyroid volume accounted for a significant
proportion of variance in KINDL-R or SDQ-TD scores nor
did these variables show a significant (linear) relationship with
HRQoL or mental health (Table 4).

Hashimoto’s Thyroiditis

Despite sufficient statistical power, HT did not have an effect
on HRQoL or mental health in children and adolescents, which
was confirmed by sensitivity analysis. Therefore, H; and H,
were rejected.

In adults affected by HT, an impairment of HRQoL was
demonstrated by a considerable number of studies (12-16).
Remarkably, these impairments seem to persist in a relevant
proportion of patients despite treatment with levothyroxine
(1, 17). Reasons discussed to explain this finding have been
summarized by Jonklaas (62) and include an elevated BMI in HT,
disease awareness as well as comorbidities in patients with HT.
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TABLE 4 | Regression resullts.

Controls HT TPOoniy Subclinical Subclinical Overt Overt
hypothyroidism hyperthyroidism hypothyroidism hyperthyroidism
KINDL sbQ KINDL sbQ KINDL sbQ KINDL sbQ KINDL sbQ KINDL sbQ KINDL sbQ
z-TSH 0.030 —0.025 —0.040 —0.072 0.254 —0.222 0.010 0.027 0.150 0.009 0.449 —0.755 -0.315 0.105
[te2on = 2501 [ooiy = —1.98] [feoy = ~0.27]  [teoy = ~051]  [tugy =1.86]  [tun=—1.18]  [foan =0.15]  [tpsyy =042  [fnan =214  [tueo) = 0.12] iy =070] [ty =—1.37)  lthe =097 [t =0.30]
p =0.013 p =0.047 p =0.787 p=0.614 p =0.069 p=0.122 p =0.878 p=0.677 p =0.034 p = 0.906 p =0.498 p=0.195 p =0.344 p=0.770
(sr? = 0.001) (s> = 0.001) (sr2 =0.02)
z-fT4 —0.005 —0.011 —0.158 0.231 —0.01 0.241 0.045 —0.082 —0.009 —0.070 —0.24 0.321 —0.145 0.193
ooy = —042] [teor) = —0.86] [ten = 1121  [teo =1.671 [ty =—008]  [tun =1.63] Mooy = 0700 [tpan = —1-24]  [taan = —013]  [tusy = -095]  [fag) = —034]  [t1y = 053] [tuey = —0.47]  [te) = 0.55]
p=0673 b =0.390 p=0268 p=0.101 p=0.949 p=0.110 p=0.486 p=0215 p=0.901 p=0343 p=0.740 D =0.605 p = 0646 p =0.591
z-fT3 0.025 —-0.012 0.031 0.170 0.183 —-0.159 0.056 0.074 —0.051 0.119 0.354 —0.686 —0.206 0.039
[te26) =2.04]  [te211) = —0.98]  [tgo) = 0.24] [tieo) = 1.32] [tag) = 1.25] [tagr) = —1.08]  [tia7) = 0.87] [tiosa) = 1.12] [tg7) = —0.69] [trso) = 1.52] [ta) = 1.08] [thg) = —2.37] [tg) = —0.56] [thg) = 0.10]
b = 0.024 b =0.329 o= 0811 p=0.191 p=0216 b= 0208 p = 0.387 p = 0.266 D = 0.490 p=0.130 p=0.314 —0034 (2=  p=0585 b =0.925
(sr? < 0.001) 0.02)
TPO-AB # # —0.096 0.023 —0.007 —0.043 # # # # # # # #
ltes) = 0721 [tey =0.175]  [fug = ~0.05]  [tus = —0.30]
p=0.472 p = 0.861 o =0.959 p=0.765
Urine 0.020 <0.001 # # # # 0.024 —0.060 0.044 —0.030 # # # #
iodine lteooy = 1661 [tgry) =0.12) ltoan =039 [tpsy =—-0.94]  [frgn =0.62]  [f1g0) = —0.41]
p =0.097 p = 0.991 p = 0.692 p=0.348 p =0.537 p=0685
z-thyroid —0.010 —0.006 —-0.123 —0.095 —0.166 0.049 —0.073 0.068 —0.070 0.096 0.363 —0.027 —0.180 0.137
volume ooy = —0.93] [feor) = —047) ltes = —0.88] [t =069  [tuy =—1.18]  [ten =033  [tean =120  lfpay =108  [tasn = —1.00]  [tueq) = 1.32] g =162 [trg = 0141  [tg =—070 [te) = 0.57]
b =0.408 D =0635 p=0385 p = 0.496 p=0.0244 p=0.740 p=0.230 p =0.281 p=0317 p=0.187 p=0.130 p = 0892 D = 0.494 p=0577
RQ:I'hyroid 0.002 0.001 0.053 0.023 0.131 0.131 0.013 0.017 0.031 0.019 0.374 0.541 0.057 0.046
[Fla6060) =3.02] [Fupoi1)=1.27] [Fse0 =067  [Fse0)=1.14]  [Fsag =1.471  [Fsan =141  [Fs2a7) =0.68] [Fi50sey =0.89] [Fis.187) =1.313]  [Fi5184y =0.78]  [Fu13 =194]  [Fuu13 =3.83]  [Fu19 =029  [Fia19 = 0.30]
p =001 p=0276 o = 0.651 p =0.348 p=0215 p = 0237 b =0.639 b = 0.491 b = 0.260 b= 0.568 p =0.164 p =0.029 b =0.882 p=0.919

Significant findings FDR-corrected for multiple testing at q < 0.05 are marked in bold, sr? is the squared semipartial correlation. * Indicates regressors not tested in the respective case for reasons outlined in the results section. *Indicates
the proportion of variance in KINDL and SDQ scores accounted for by all the above thyroid parameters. Standardized regression coefficients (B) from multiple regression separately for participants with thyroid autoimmunity and thyroid
dysfunction with the dependent variable KINDL-R score and SDQ total difficulties score.
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Children and adolescents with HT in the present study, however,
did not significantly differ from healthy controls regarding
their BMI, had not been pre-diagnosed with an autoimmune
affection of the thyroid gland in most of the cases and were
in either good or even very good general health (Table 1A).
Thus, the psychological effects of a diagnosis of chronic disease
and misattribution of symptoms caused by comorbidities are
unlikely. In addition to these considerations, Nexo et al.
(63) studied experiences of patients with thyroid dysfunction
by qualitative interviews and identified social support and
acceptance as an important aspect of coping in HT. Indeed,
while various aspects of HRQoL are unaffected, impairment of
social functioning is a consistent finding in adults with HT
[e.g., (1, 12, 15, 16)] and, therefore, could be one of the main
drivers of compromised HRQoL. In children and adolescents,
there was no evidence of adversely affected social functioning, as
evidenced by exploratory subscale analyses of the KINDL-R and
SDQ (data not shown). In summary, reasons discussed to explain
an impaired HRQoL in adults with HT do not apply to children
and adolescents, and this may explain why HRQoL is unaffected
by HT in the latter.

Despite reasons concerning disease-related cognition and
self-perception discussed above, autoimmunity itself may be
the cause for impaired HRQoL and behavioral problems in
HT in adults. Autoimmunity in HT may not only affect the
thyroid gland but also act systemically (64) and thereby target
the brain as summarized by Leyhe and Missig (65). It has
been shown that TPO-ABs bind to cerebellar astrocytes (66),
a mechanism by which a direct effect of TPO-ABs on the
brain is feasible. Moreover, TPO-ABs may only indicate an
epiphenomenon of systemic autoimmunity as ABs directed
against the central nervous system (CNS) have been found
in a significant proportion of adult patients with HT. These
CNS ABs disturb myelogenesis, induce inflammation, and
thereby potentially impair neurotransmission and contribute to
the clinical phenotype of HT, including an impaired HRQoL
and mental health observed in adults (21). In children and
adolescents, no study so far has investigated the prevalence of
AB targeting the CNS. However, children and adolescents with
HT are at an increased risk for multiple autoimmune affections
(67-69) that may (or may not) become apparent over time
on an undetermined scale (68, 70). Thus, there could be an
increased risk for an autoimmune disease of the CNS in pediatric
HT, which may prospectively impair HRQoL. Considering the
present results and the hypothesized effect of CNS-AB on mental
health, an autoimmune affection of the CNS does not seem
to affect a significant proportion of children and adolescents
examined in the present study.

TPOonly

In TPO,ny participants, there was no effect of thyroid
autoimmunity on HRQoL and mental health by the analysis of
(co-)variance and multiple regression.

A rise in the prevalence of TPO-AB positivity has been
described with the onset of puberty, especially in girls (24—
26). Even though many children and adolescents affected by
TPO-AB positivity do not develop overt thyroid dysfunction
(26, 71), the same autoimmune mechanisms may be at work

as in HT. Thus, we also investigated the relationship between
HRQoL, mental health, and TPO-AB positivity in the absence of
thyroid dysfunction. As in children affected by HT, there was no
significant impairment of HRQoL or an increased risk of mental
health problems, most likely for the reasons outlined above.
However, regarding thyroid function, TPO,y)y participants
evidenced thyroid hormone levels, TPO-AB titers, and thyroid
volume intermediary between participants affected by HT and
healthy controls. While findings were still within the normal
range, this may indicate harboring overt disease as in participants
with HT. This is in line with conclusions derived by Prummel
and Wiersinga (72) that increased TPO-AB titers pose affected
individuals at risk for developing overt autoimmune disease.
Concerning demographic variables, there was no significant
difference between TPO,y1y and HT participants supporting the
notion that they originate from the same population but may
face autoimmunity with a different pace of progression. However,
as already pointed out by Beastall (71), longitudinal studies
are needed to gain further insights into this condition and to
determine whether TPO-AB positivity in affected individuals is a
transient phenomenon associated with puberty, a separate entity
of thyroid affection in adolescence and early adulthood or just an
early stage of HT. Moreover, the present study was underpowered
to detect small effects on either outcome measure and, therefore,
additional studies with an adequate sample size are needed.

Subclinical Hypothyroidism

In line with H; and Hy, we did neither find an effect of HYPOgc
on HRQoL and mental health, nor did we observe a significant
linear relationship between thyroid function parameter and our
outcome measures.

Previously, Holtmann et al. (7) reported significantly higher
TSH levels in children and adolescents with severe mood
problems, which could not be confirmed by Zepf et al. (9), relying
on the same questionnaire and a similar research methodology
but a larger sample. However, only a small fraction of children
and adolescents in either study was affected by HYPOgsc when
applying a pediatric reference range for TSH. Drawing on a
sample of children and adolescents affected by HYPOsc, Cerbone
et al. (8) found no relationship between HYPOgc and mental
health, which is supported by results of the present study as
well as the two most recent meta-analyses of the relationship
between HYPOgc and depression in adults (73, 74). Tang et al.
(74) showed in a subgroup analysis that only adults aged 50 and
above were more likely to experience depression which agrees
with considerations by Dayan and Panicker (75), arguing that
an underlying chronic condition, more likely to occur in the
elderly, could be the cause of increased rates of depression in
adults rather than HYPOgc. This suggestion is plausible since
there is no known physiological mechanism by which HYPOgc
would cause significant effects on HRQoL and mental health in
the presence of peripheral euthyroidism and without concurrent
thyroid autoimmunity.

Subclinical Hyperthyroidism
In the present study, we did not find a difference in participants
affected by HYPERgc and healthy controls with regard to HRQoL
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and mental health despite sufficient statistical power also to
detect even small effects.

In adults, there is ambiguous evidence regarding the effect
of HYPERsc on HRQoL and mental health if at all investigated
(27, 30-33). Unfortunately, most studies do not report subscale
findings of the HRQoL measures employed. However, as can
be concluded from the study conducted by Klaver et al. (33),
there may be a slight impairment of HRQoL due to symptoms
caused by HYPERgc, even though other areas of HRQoL were
unaffected. In contrast to these findings in adults, most children
and adolescents affected by HYPERsc were not diagnosed with
a thyroid disorder, which argues against significant clinical
symptoms, either physical or mental. Moreover, 86% of children
and adolescents were in either good or very good general
health, and, as in HYPOgc, there is no plausible physiological
mechanism by which HYPERgc would act on HRQoL and mental
health in the presence of peripheral euthyroidism and without
concurrent thyroid autoimmunity. Also, note that a sensitivity
analysis considering only participants of the survey with severely
reduced TSH levels verified these results.

Overt Hypothyroidism

As hypothesized (Hs) and previously found in adults (21), also
children and adolescents affected by HYPOovygrr scored higher
on the SDQ, indicating more mental health problems. However,
scores were still well within the normal range of normative data
(M: 11.42; normal range: <11 years: <16; >11 years: <17).

Using depression as a proxy for (severe) behavioral and
emotional problems, different mechanisms have been proposed
to explain the relationship between HYPOqvygrT and depression
in adults. Among those mechanisms discussed, there is altered
serotonin and catecholamine signaling, as well as a disturbed
hypothalamic pituitary adrenal axis (76-78). For some of these
mechanisms, the direction of effect and causality has not yet
been conclusively established. The small effect of HYPOovERT
on mental health found in the present study indicates that either
these mechanisms are not at work in children and adolescents
or that their impact on mental health is mitigated, likely due to
moderating factors. As can be seen from Table 1A, a significant
proportion of participants with HYPOgvgrT was affected by HT.
Therefore, the same reasons as outlined above in the section
related to findings in HT may not only explain why there was only
a small effect of HYPOgygrT on mental health in children and
adolescents but also why there was no impact on HRQoL. This
especially applies to the observation that most participants of
the KiGGS study with HYPOqgygrT were in at least good general
health, and only a small fraction was diagnosed with pre-existing
thyroid disease. Thus, in most participants with HYPOQvEgrT,
there was likely no disease awareness, which may in itself impair
mental health to a significant extent (62).

However, the number of participants affected by HYPOovgrt
was small and, therefore, we argue for replication of findings
with a sufficient sample size before any further conclusion can
be drawn.

Overt Hyperthyroidism
In adults, there is consistent evidence of a significantly impaired
HQRoL with HYPERovErT (32, 37, 38). Moreover, only recently,

Zader et al. (39) published evidence of a profoundly increased
risk of a mental health disorder in children and adolescents
affected with HYPERovgrT based on the analysis of a large
data repository coding previously physician-diagnosed medical
conditions. However, in contrast to these findings and our
hypotheses (Hg), there was neither a reduced HQRoL nor an
increased risk for mental health problems in the present study.
These discrepancies might be related to the fact that Zader et al.
(39) focused on children and adolescents seeking health care
advice due to significant symptoms, which eventually resulted in
physician-diagnosed thyroid dysfunction, while the present study
focused on the general pediatric population. Differences between
both study populations also become apparent when considering
etiologically relevant aspects of the multifactorial relationship
between hyperthyroidism and mental health problems suggested
by Zader et al. (39). Zader et al. (39) argued that an overlap of
symptoms associated with hyperthyroidism and mental health
disorders, the detrimental effect of a diagnosis of a chronic
disease or a biological process, namely autoimmunity, may
explain their observation. However, about 90% of parents in the
present study indicated good or even very good health in their
children with HYPERQvEgRrT, and the majority (about 80%) had
not been diagnosed with thyroid disease (Table 1A). With regard
to autoimmunity, the same considerations, as made above with
regard to HT, may apply. The children and adolescents studied
did not (yet) seem to be affected by systemic autoimmunity to a
significant proportion.

The number of participants affected by HYPOqvygrr in the
present study was small and, therefore, also the power to detect
a significant effect with regard to HRQoL and mental health in
HYPERQvErT Was insufficient. As in the case of HYPOqvEgrT, the
present findings need to be replicated with an adequate sample
size to detect an even small affection of HRQoL and mental health
in these individuals.

General Pediatric Population

In the general pediatric population without evidence of thyroid
dysfunction, there was no significant relationship between
HRQoL or behavioral problems and thyroid function parameters.
While it has previously been shown that in the same sample,
TSH levels within the reference range were associated with lipid
levels (79) and blood pressure (80), there is no evidence of an
association of either thyroid hormone parameter with HRQoL.
Prior studies, however, did not account for multiple testing.
Moreover, either no effect size measure was reported, or effects
sizes were small or even negligible despite the large sample
analyzed that favors statistical significance in the presence of
irrelevant clinical effects. Thus, there is no conclusive evidence
of a relationship between thyroid hormone levels and either
physical or psychological functioning in children and adolescents
from the KiGGS study.

Limitations

The present study was cross-sectional by design and, therefore,
causal inference is limited. Some authors argue that a diagnose
of HYPOgc and HYPERgc should only be established by 2 blood
samples with evidence of thyroid dysfunction taken on different
occasions (5). Especially in epidemiological studies, however,
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this is not possible. Moreover, and as already outlined above,
further longitudinal studies are needed to classify euthyroid
TPO-AB positivity as either a transient phenomenon associated
with puberty, a separate entity of thyroid affection in adolescence
and early adulthood, or just an early stage of HT.

The number of participants with HT may have been
underestimated as only TPO-AB but not Tg-AB were
determined. Moreover, (ultrasound) investigators were only
trained on performing a standardized volumetric evaluation of
the thyroid gland but not to identify structural irregularities
indicative of HT. This may also explain that in the present study
the frequency of hypoechogenicity in HT was only about 60%
the frequency previously reported, for example, by Kaloumenou
et al. (25) in a likewise epidemiological study. However,
this does not compromise the validity of results concerning
HRQoL and mental health as findings in participants with
thyroid autoimmunity were confirmed by sensitivity analysis, as
discussed above.

CONCLUSIONS

This is the first study to investigate the relationship between
HRQoL, mental health, and thyroid (dys-) function and thyroid
autoimmunity in children and adolescents in a large, nationwide
study. Importantly, the study was sufficiently powered to detect
even small effects of thyroid functioning on mental health. The
conclusions we draw rely on stringent control of type I error,
and findings are interpreted considering effect size and not
mere statistical significance, which is inadequate due to the large
sample size.

In contrast to adults, children and adolescents affected
by thyroid disease and autoimmunity did not show
significantly impaired HRQoL or mental health. These findings
should, therefore, result in efforts to better understand the

REFERENCES

1. Saravanan P, Chau WE Roberts N, Vedhara K, Greenwood R, Dayan CM.
Psychological well-being in patients on "adequate’ doses of I-thyroxine: results
of a large, controlled community-based questionnaire study. Clin Endocrinol.
(2002) 57:577-85. doi: 10.1046/j.1365-2265.2002.01654.x

2. Siegmann EM, Gromer TW. Additional data from omitted study
in a meta-analysis of the association of depression and anxiety
with autoimmune thyroiditis. JAMA  Psychiatry. (2019) 76:871.
doi: 10.1001/jamapsychiatry.2019.1503

3. Lazar L, Frumkin RBD, Battat E, Lebenthal Y, Phillip M, Meyerovitch J.
Natural history of thyroid function tests over 5 years in a large pediatric
cohort. J Clin Endocrinol Metab. (2009) 94:1678-82. doi: 10.1210/jc.2008-2615

4. Thomsett MJ. The spectrum of clinical paediatric endocrinology: 28 years of
referrals to an individual consultant. J Paediatr Child Health. (2010) 46:304-9.
doi: 10.1111/j.1440-1754.2010.01713.x

5. Salerno M, Capalbo D, Cerbone M, de Luca F. Subclinical hypothyroidism in
childhood - current knowledge and open issues. Nat Rev Endocrinol. (2016)
12:734-46. doi: 10.1038/nrendo.2016.100

6. Hunter I, Greene SA, MacDonald TM, Morris AD. Prevalence and aetiology
of hypothyroidism in the young. Arch Dis Child. (2000) 83:207-10.
doi: 10.1136/adc.83.3.207

socio-psychological and (patho-)physiological differences
between adults and children and adolescents. Thus, we believe
our findings hold (prospective) value to basic research but also
clinical care in dealing with children and adolescents as well as
adults affected by thyroid disease.

DATA AVAILABILITY STATEMENT

The datasets for this article are not publicly available as the
results reported are based on a secondary analysis of data
provided by the Robert Koch Institute (RKI), Germany. Requests
to access the datasets should, therefore, be directed to the RKI
(kiggsinfo@rki.de).

ETHICS STATEMENT

The KiGGS study was reviewed and approved by Charité Berlin
ethics committee as well as the Federal Office for the Protection
of Data. Written informed consent to participate in this study was
provided by the participants’ legal guardian/next of kin.

AUTHOR CONTRIBUTIONS

RH, AK, and CG conceptualized the study. RH analyzed and
interpreted the data and wrote the manuscript. BH, AH, HH,
and CG participated in scientific discussions and revised the
manuscript. All authors contributed to the article and approved
the submitted version.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fendo.
2020.00454/full#supplementary-material

7. Holtmann M, Duketis E, Goth K, Poustka L, Boelte S. Severe affective and
behavioral dysregulation in youth is associated with increased serum TSH. J
Affect Disord. (2010) 121:184-8. doi: 10.1016/j.jad.2009.06.009

8. Cerbone M, Bravaccio C, Capalbo D, Polizzi M, Wasniewska M, Cioffi D,
et al. Linear growth and intellectual outcome in children with long-term
idiopathic subclinical hypothyroidism. Eur J Endocrinol. (2011) 164:591-7.
doi: 10.1530/EJE-10-0979

9. Zepf FD, Vloet TD, Polier GG, Baurmann D, Bubenzer S, Helmbold K,

et al. No association between affective and behavioral dysregulation and

parameters of thyroid function in youths. J Affect Disord. (2011) 134:478-82.

doi: 10.1016/j.jad.2011.05.040

Brown RS. Autoimmune thyroiditis in childhood. J Clin Res Pediatr

Endocrinol. (2013) 5(Suppl. 1):45-9. doi: 10.4274/Jcrpe.855

. Cappa M, Bizzarri C, Crea F. Autoimmune thyroid diseases in children. J

Thyroid Res. (2010) 2011:675703. doi: 10.4061/2011/675703

Bianchi GP, Zaccheroni V, Solaroli E, Vescini E Cerutti R, Zoli M,

et al. Health-related quality of life in patients with thyroid disorders.

Qual Life Res. (2004) 13:45-54. doi: 10.1023/B:QURE.0000015315.3

5184.66

Degner D, Meller ], Bleich S, Schlautmann V, Ruther E. Affective disorders

associated with autoimmune thyroiditis. ] Neuropsychiatry Clin Neurosci.

(2001) 13:532-3. doi: 10.1176/jnp.13.4.532

Frontiers in Endocrinology | www.frontiersin.org

11

September 2020 | Volume 11 | Article 454


mailto:kiggsinfo@rki.de
https://www.frontiersin.org/articles/10.3389/fendo.2020.00454/full#supplementary-material
https://doi.org/10.1046/j.1365-2265.2002.01654.x
https://doi.org/10.1001/jamapsychiatry.2019.1503
https://doi.org/10.1210/jc.2008-2615
https://doi.org/10.1111/j.1440-1754.2010.01713.x
https://doi.org/10.1038/nrendo.2016.100
https://doi.org/10.1136/adc.83.3.207
https://doi.org/10.1016/j.jad.2009.06.009
https://doi.org/10.1530/EJE-10-0979
https://doi.org/10.1016/j.jad.2011.05.040
https://doi.org/10.4274/Jcrpe.855
https://doi.org/10.4061/2011/675703
https://doi.org/10.1023/B:QURE.0000015315.35184.66
https://doi.org/10.1176/jnp.13.4.532
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://www.frontiersin.org/journals/endocrinology#articles

Hirtz et al.

Thyroid and Pediatric Mental Health

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Yalcin MM, Altinova AE, Cavnar B, Bolayir B, Akturk M, Arslan E,
et al. Is thyroid autoimmunity itself associated with psychological well-
being in euthyroid Hashimoto’s thyroiditis? Endocr J. (2017) 64:425-9.
doi: 10.1507/endocrj.EJ16-0418

Ott J, Promberger R, Kober F Neuhold N, Tea M, Huber JC, et al.
Hashimoto’s  thyroiditis symptom load and quality of life
unrelated to hypothyroidism: a prospective case-control study in women
undergoing thyroidectomy for benign goiter. Thyroid. (2011) 21:161-7.
doi: 10.1089/thy.2010.0191

Uysal HB, Ayhan M. Autoimmunity affects health-related quality of life in
patients with Hashimoto’s thyroiditis. Kaohsiung ] Med Sci. (2016) 32:427-33.
doi: 10.1016/j.kjms.2016.06.006

Djurovic M, Pereira AM, Smit JWA, Vasovic O, Damjanovic S, Jemuovic Z,
et al. Cognitive functioning and quality of life in patients with Hashimoto
thyroiditis on long-term levothyroxine replacement. Endocrine. (2018)
62:136-43. doi: 10.1007/s12020-018-1649-6

Quinque EM, Villringer A, Kratzsch ], Karger S. Patient-reported outcomes
in adequately treated hypothyroidism-insights from the German versions of
ThyDQoL, ThySRQ and ThyTSQ. Health Qual Life Outcomes. (2013) 11:68.
doi: 10.1186/1477-7525-11-68

Winther KH, Cramon P, Watt T, Bjorner JB, Ekholm O, Feldt-Rasmussen
U, et al. Disease-specific as well as generic quality of life is widely
impacted in autoimmune hypothyroidism and improves during the first
six months of levothyroxine therapy. PLoS ONE. (2016) 11:e0156925.
doi: 10.1371/journal.pone.0156925

Spirkova A, Dusatkova P, Peckova M, Kolouskova S, Snajderova M,
Obermannova B, et al. Treated autoimmune thyroid disease is associated with
a decreased quality of life among young persons with type 1 diabetes. Int J
Endocrinol. (2015) 2015:185859. doi: 10.1155/2015/185859

Siegmann EM, Muller HHO, Luecke C, Philipsen A, Kornhuber J, Gromer
TW. Association of depression and anxiety disorders with autoimmune
thyroiditis: a systematic review and meta-analysis. JAMA Psychiatry. (2018)
75:577-84. doi: 10.1001/jamapsychiatry.2018.0190

D’Aurizio E Metus P, Polizzi Anselmo A, Villalta D, Ferrari A, Castello
R, et al. Establishment of the upper reference limit for thyroid peroxidase
autoantibodies according to the guidelines proposed by the National Academy
of Clinical Biochemistry: comparison of five different automated methods.
Auto Immun Highlights. (2015) 6:31-7. doi: 10.1007/s13317-015-0070-x
Baloch Z, Carayon P, Conte-Devolx B, Demers LM, Feldt-Rasmussen U,
Henry JE et al. Laboratory medicine practice guidelines. Laboratory support
for the diagnosis and monitoring of thyroid disease. Thyroid. (2003) 13:3-126.
doi: 10.1089/105072503321086962

Kabelitz M, Liesenkotter KP, Stach B, Willgerodt H, Stablein W, Singendonk
W, et al. The prevalence of anti-thyroid peroxidase antibodies and
autoimmune thyroiditis in children and adolescents in an iodine replete area.
Eur ] Endocrinol. (2003) 148:301-7. doi: 10.1530/eje.0.1480301

Kaloumenou I, Mastorakos G, Alevizaki M, Duntas LH, Mantzou E,
Ladopoulos C, et al. Thyroid autoimmunity in schoolchildren in an area
with long-standing iodine sufficiency: correlation with gender, pubertal
stage, and maternal thyroid autoimmunity. Thyroid. (2008) 18:747-54.
doi: 10.1089/thy.2007.0370

Taubner K, Schubert G, Pulzer E Pfaeffle R, Korner A, Dietz A, et al. Serum
concentrations of anti-thyroid peroxidase and anti-thyroglobulin antibodies
in children and adolescents without apparent thyroid disorders. Clin Biochem.
(2014) 47:3-7. doi: 10.1016/j.clinbiochem.2013.09.017

Bell RJ, Rivera-Woll L, Davison SL, Topliss DJ, Donath S, Davis SR. Well-
being, health-related quality of life and cardiovascular disease risk profile
in women with subclinical thyroid disease-a community-based study. Clin
Endocrinol. (2007) 66:548-56. doi: 10.1111/§.1365-2265.2007.02771.x

Cooper DS, Biondi B. Subclinical thyroid disease. Lancet. (2012) 379:1142-54.
doi: 10.1016/S0140-6736(11)60276-6

Wu T, Flowers JW, Tudiver F, Wilson JL, Punyasavatsut N. Subclinical thyroid
disorders and cognitive performance among adolescents in the United States.
BMC Pediatr. (2006) 6:12. doi: 10.1186/1471-2431-6-12

Biondi B, Palmieri EA, Fazio S, Cosco C, Nocera M, Sacca L, et al. Endogenous
subclinical hyperthyroidism affects quality of life and cardiac morphology and
function in young and middle-aged patients. J Clin Endocrinol Metab. (2000)
85:4701-5. doi: 10.1210/jcem.85.12.7085

affects

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Kvetny J, Ellervik C, Bech P. Is suppressed thyroid-stimulating hormone
(TSH) associated with subclinical depression in the Danish General
Suburban Population study? Nord ] Psychiatry. (2015) 69:282-6.
doi: 10.3109/08039488.2014.972454

Abraham-Nordling M, Wallin Gr, Lundell Gr, Térring O. Thyroid hormone
state and quality of life at long-term follow-up after randomized treatment of
Graves’ disease. Eur ] Endocrinol. (2007) 156:173-9. doi: 10.1530/eje.1.02336
Klaver EI, van Loon HC, Stienstra R, Links TP, Keers JC, Kema IP, et al.
Thyroid hormone status and health-related quality of life in the LifeLines
Cohort Study. Thyroid. (2013) 23:1066-73. doi: 10.1089/thy.2013.0017

Léger J, Oliver I, Rodrigue D, Lambert AS, Coutant R, editors. Graves’
disease in children. Ann. Endocrinol. (2018) 79:647-55. doi: 10.1016/j.ando.
2018.08.001

Hanley P, Lord K, Bauer AJ. Thyroid disorders in children and adolescents:
a review. JAMA Pediatr. (2016) 170:1008-19. doi: 10.1001/jamapediatrics.
2016.0486

Cramon P, Winther KH, Watt T, Bonnema SJ, Bjorner JB, Ekholm O,
et al. Quality-of-life impairments persist six months after treatment of
Graves hyperthyroidism and toxic nodular goiter: a prospective cohort study.
Thyroid. (2016) 26:1010-8. doi: 10.1089/thy.2016.0044

Abraham-Nordling M, Térring O, Hamberger B, Lundell G, Tallstedt L,
Calissendorff J, et al. Graves™ disease: a long-term quality-of-life follow up
of patients randomized to treatment with antithyroid drugs, radioiodine, or
surgery. Thyroid. (2005) 15:1279-86. doi: 10.1089/thy.2005.15.1279

Riguetto CM, Neto AM, Tambascia MA, Zantut-Wittmann DE. The
relationship between quality of life, cognition, and thyroid status in Graves’
disease. Endocrine. (2019) 63:87-93. doi: 10.1007/s12020-018-1733-y

Zader S], Williams E, Buryk MA. Mental health conditions
and hyperthyroidism. (2019) 144:¢20182874.
doi: 10.1542/peds.2018-2874

Kurth BM, Kamtsiuris P, Holling H, Schlaud M, Dolle R, Ellert U, et al.
The challenge of comprehensively mapping children’s health in a nation-wide
health survey: design of the German KiGGS-Study. BMC Public Health. (2008)
8:196. doi: 10.1186/1471-2458-8-196

Rothenberger A, Becker A, Erhart M, Wille N, Ravens-Sieberer U.
Psychometric properties of the parent strengths and difficulties questionnaire
in the general population of German children and adolescents: results of
the BELLA study. Eur Child Adolesc Psychiatry. (2008) 17(Suppl. 1):99-105.
doi: 10.1007/s00787-008-1011-2

Woerner W, Becker A, Friedrich C, Klasen H, Goodman R, Rothenberger
A. Normierung und evaluation der deutschen elternversion des Strengths
and Difficulties Questionnaire (SDQ): ergebnisse einer reprisentativen
delderhebung. Z Kinder Jugendpsychiatr Psychother. (2002) 30:105-12.
doi: 10.1024//1422-4917.30.2.105

Becker A, Wang B, Kunze B, Otto C, Schlack R, Hélling H, et al. Normative
data of the self-report version of the German strengths and difficulties
questionnaire in an epidemiological setting. Z Kinder Jugendpsychiatr
Psychother. (2018) 46:523-33. doi: 10.1024/1422-4917/a000589
Ravens-Sieberer U, Erhart M, Wille N, Bullinger M. Health-related
quality of life in children and adolescents in Germany: results of the
BELLA study. Eur Child Adolesc Psychiatry. (2008) 17(Suppl. 1):148-56.
doi: 10.1007/s00787-008-1016-x

Ellert U, Ravens-Sieberer U, Erhart M, Kurth BM. Determinants of agreement
between self-reported and parent-assessed quality of life for children in
Germany-results of the German health interview and examination survey for
children and adolescents (KiGGS). Health Qual Life Outcomes. (2011) 9:102.
doi: 10.1186/1477-7525-9-102

Dortschy R, Rosario AS, Scheidt-Nave C, Thierfelder W, Thamm M, Gutsche
], et al. Bevolkerungsbezogene Verteilungswerte ausgewdihlter Laborparameter
aus der Studie zur Gesundheit von Kindern und Jugendlichen in Deutschland
(KiGGS). Berlin: Mercedes-Druck (2009). p. 135. doi: 10.25646/3144

Thamm M, Ellert U, Thierfelder W, Liesenkotter K-P, Vélzke H.
Jodversorgung in Deutschland. Bundesgesundheitsblatt Gesundheitsforschung
Gesundheitsschutz. (2007) 50:744-9. doi: 10.1007/s00103-007-0236-4
Neuhauser H, Schienkiewitz A, Rosario AS, Dortschy R, Kurth BM.
Referenzperzentile fiir anthropometrische MafSzahlen und Blutdruck aus der
Studie zur Gesundheit von Kindern und Jugendlichen in Deutschland (KiGGS).
Berlin: RKI-Hausdruckerei (2013). p. 125.

Pediatrics.

Frontiers in Endocrinology | www.frontiersin.org

September 2020 | Volume 11 | Article 454


https://doi.org/10.1507/endocrj.EJ16-0418
https://doi.org/10.1089/thy.2010.0191
https://doi.org/10.1016/j.kjms.2016.06.006
https://doi.org/10.1007/s12020-018-1649-6
https://doi.org/10.1186/1477-7525-11-68
https://doi.org/10.1371/journal.pone.0156925
https://doi.org/10.1155/2015/185859
https://doi.org/10.1001/jamapsychiatry.2018.0190
https://doi.org/10.1007/s13317-015-0070-x
https://doi.org/10.1089/105072503321086962
https://doi.org/10.1530/eje.0.1480301
https://doi.org/10.1089/thy.2007.0370
https://doi.org/10.1016/j.clinbiochem.2013.09.017
https://doi.org/10.1111/j.1365-2265.2007.02771.x
https://doi.org/10.1016/S0140-6736(11)60276-6
https://doi.org/10.1186/1471-2431-6-12
https://doi.org/10.1210/jcem.85.12.7085
https://doi.org/10.3109/08039488.2014.972454
https://doi.org/10.1530/eje.1.02336
https://doi.org/10.1089/thy.2013.0017
https://doi.org/10.1016/j.ando.2018.08.001
https://doi.org/10.1001/jamapediatrics.2016.0486
https://doi.org/10.1089/thy.2016.0044
https://doi.org/10.1089/thy.2005.15.1279
https://doi.org/10.1007/s12020-018-1733-y
https://doi.org/10.1542/peds.2018-2874
https://doi.org/10.1186/1471-2458-8-196
https://doi.org/10.1007/s00787-008-1011-2
https://doi.org/10.1024//1422-4917.30.2.105
https://doi.org/10.1024/1422-4917/a000589
https://doi.org/10.1007/s00787-008-1016-x
https://doi.org/10.1186/1477-7525-9-102
https://doi.org/10.25646/3144
https://doi.org/10.1007/s00103-007-0236-4
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://www.frontiersin.org/journals/endocrinology#articles

Hirtz et al.

Thyroid and Pediatric Mental Health

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Brunn J, Block U, Ruf G, Bos I, Kunze W, Scriba P. Volumetric analysis
of thyroid lobes by real-time ultrasound. Dtsch Med Wochenschr. (1981)
106:1338-40. doi: 10.1055/s-2008-1070506

Benjamini Y, Hochberg Y. Controlling the false discovery rate: a practical and
powerful approach to multiple testing. J R Stat Soc Series B Stat Methodol.
(1995) 57:289-300. doi: 10.1111/j.2517-6161.1995.tb02031.x

Cohen J. Statistical Power Analysis. New York, NY: Lawrence Erlbaum
Associates (1988). p. 579.

Faul E, Erdfelder E, Buchner A, Lang A-G. Statistical power analyses using G*
power 3.1: Tests for correlation and regression analyses. Behav Res Methods.
(2009) 41:1149-60. doi: 10.3758/BRM.41.4.1149

Lenhard W, Lenhard A. Calculation of Effect Sizes. (2016). Available online at:
https://www.psychometrica.de/effect_size.html (accessed July 6, 2020).
Holling H, Erhart M, Ravens-Sieberer U, Schlack R. Verhaltensauffilligkeiten
bei kindern und jugendlichen. Bundesgesundheitsblatt Gesundheitsforschung
Gesundheitsschutz. (2007) 50:784-93. doi: 10.1007/s00103-007-0241-7

Tiller D, Ittermann T, Greiser KH, Meisinger C, Agger C, Hofman A,
et al. Association of serum thyrotropin with anthropometric markers
of obesity in the general population. Thyroid. (2016) 26:1205-14.
doi: 10.1089/thy.2015.0410

Makepeace AE, Bremner AP, O’Leary P, Leedman PJ, Feddema P,
Michelangeli V, et al. Significant inverse relationship between serum free
T4 concentration and body mass index in euthyroid subjects: differences
between smokers and nonsmokers. Clin Endocrinol. (2008) 69:648-52.
doi: 10.1111/j.1365-2265.2008.03239.x

Park S, Kim WG, Jeon MJ, Kim M, Oh HS, Han M, et al. Serum thyroid-
stimulating hormone levels and smoking status: data from the Korean
National Health and Nutrition Examination Survey VI. Clin Endocrinol.
(2018) 88:969-76. doi: 10.1111/cen.13606

Rayman MP. Multiple nutritional factors and thyroid disease, with particular
reference to autoimmune thyroid disease. Proc Nutr Soc. (2019) 78:34-44.
doi: 10.1017/50029665118001192

Sanger N, Stahlberg S, Manthey T, Mittmann K, Mellinger U, Lange E,
et al. Effects of an oral contraceptive containing 30 mcg ethinyl estradiol
and 2mg dienogest on thyroid hormones and androgen parameters:
conventional vs. extended-cycle use. Contraception. (2008) 77:420-5.
doi: 10.1016/j.contraception.2008.02.005

Katagiri R, Yuan X, Kobayashi S, Sasaki S. Effect of excess iodine intake
on thyroid diseases in different populations: a systematic review and meta-
analyses including observational studies. PLoS ONE. (2017) 12:e0173722.
doi: 10.1371/journal.pone.0173722

Tabachnick BG, Fidell LS, Ullman JB. Using Multivariate Statistics. Boston,
MA: Pearson (2007).

Jonklaas J. Persistent hypothyroid symptoms in a patient with a normal
thyroid stimulating hormone level. Curr Opin Endocrinol Diabetes Obes.
(2017) 24:356-63. doi: 10.1097/MED.0000000000000355

Nexe MA, Watt T, Cleal B, Hegediis L, Bonnema SJ, Rasmussen AK, et al.
Exploring the experiences of people with hypo-and hyperthyroidism. Qual
Health Res. (2015) 25:945-53. doi: 10.1177/1049732314554093

Siriwardhane T, Krishna K, Ranganathan V, Jayaraman V, Wang T, Bei K, et al.
Exploring systemic autoimmunity in thyroid disease subjects. ] Immunol Res.
(2018) 2018:6895146. doi: 10.1155/2018/6895146

Leyhe T, Missig K. Cognitive and affective
autoimmune  thyroiditis. Behav  Immun.
doi: 10.1016/j.bbi.2014.03.008

Blanchin S, Coffin C, Viader F, Ruf J, Carayon P, Potier F et al. Anti-
thyroperoxidase antibodies from patients with Hashimoto’s encephalopathy

dysfunctions  in

Brain (2014)  41:261-6.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

bind to cerebellar astrocytes. ] Neuroimmunol. (2007) 192:13-20.
doi: 10.1016/j.jneuroim.2007.08.012

Ruggeri R, Trimarchi F, Giuffrida G, Certo R, Cama E, Campenni A, et al.
Autoimmune comorbidities in Hashimoto’s thyroiditis: different patterns of
association in adulthood and childhood/adolescence. Eur J Endocrinol. (2017)
176:133-41. doi: 10.1530/EJE-16-0737

Segni M, Pucarelli I, Truglia S, Turriziani I, Serafinelli C, Conti F. High
prevalence of antinuclear antibodies in children with thyroid autoimmunity. J
Immunol Res. (2014) 2014:150239. doi: 10.1155/2014/150239

Siriwardhane T, Krishna K, Ranganathan V, Jayaraman V, Wang T, Bei K,
et al. Significance of anti-TPO as an early predictive marker in thyroid disease.
Autoimmune Dis. (2019) 2019:1684074. doi: 10.1155/2019/1684074
Vanderpump MP, Tunbridge WM. Epidemiology and prevention of
clinical and subclinical hypothyroidism. Thyroid. (2002) 12:839-47.
doi: 10.1089/105072502761016458

Beastall GH. What is the significance of anti-thyroid antibodies
in  children and adolescents?  Clin (2014)  47:1.
doi: 10.1016/j.clinbiochem.2013.12.002

Prummel MEF, Wiersinga WM. Thyroid peroxidase autoantibodies in
euthyroid subjects. Best Pract Res Clin Endocrinol Metab. (2005) 19:1-15.
doi: 10.1016/j.beem.2004.11.003

Loh HH, Lim LL, Yee A, Loh HS. Association between subclinical
hypothyroidism and depression: an updated systematic review and meta-
analysis. BMC Psychiatry. (2019) 19:12. doi: 10.1186/s12888-018-2006-2
Tang R, Wang J, Yang L, Ding X, Zhong Y, Pan J, et al. Subclinical
hypothyroidism and depression: a systematic review and meta-analysis. Front
Endocrinol. (2019) 10:340. doi: 10.3389/fend0.2019.00340

Dayan CM, Panicker V. Hypothyroidism and depression. Eur Thyroid J.
(2013) 2:168-79. doi: 10.1159/000353777

Bahls SC, Carvalho GAD. The relation between thyroid function
and depression: a review. Braz ] Psychiatry. (2004) 26:41-9.
doi: 10.1590/1516-44462004000100012

Bunevicius R, Prange AJ Jr. Thyroid disease and mental disorders: cause
and effect or only comorbidity? Curr Opin Psychiatry. (2010) 23:363-8.
doi: 10.1097/YCO.0b013e3283387b50

Hage MP, Azar ST. The link between thyroid function and depression. J
Thyroid Res. (2012) 2012:590648. doi: 10.1155/2012/590648

Witte T, Ittermann T, Thamm M, Riblet NB, V6lzke H. Association between
serum thyroid-stimulating hormone levels and serum lipids in children and
adolescents: a population-based study of German youth. J Clin Endocrinol
Metab. (2015) 100:2090-7. doi: 10.1210/jc.2014-4466

Ittermann T, Thamm M, Wallaschofski H, Rettig R, Volzke H. Serum
thyroid-stimulating hormone levels are associated with blood pressure
in children and adolescents. J Clin Endocrinol Metab. (2012) 97:828-34.
doi: 10.1210/j¢c.2011-2768

Biochem.

Conlflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Hirtz, Keesen, Holling, Hauffa, Hinney and Grasemann. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Endocrinology | www.frontiersin.org

13

September 2020 | Volume 11 | Article 454


https://doi.org/10.1055/s-2008-1070506
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.3758/BRM.41.4.1149
https://www.psychometrica.de/effect_size.html
https://doi.org/10.1007/s00103-007-0241-7
https://doi.org/10.1089/thy.2015.0410
https://doi.org/10.1111/j.1365-2265.2008.03239.x
https://doi.org/10.1111/cen.13606
https://doi.org/10.1017/S0029665118001192
https://doi.org/10.1016/j.contraception.2008.02.005
https://doi.org/10.1371/journal.pone.0173722
https://doi.org/10.1097/MED.0000000000000355
https://doi.org/10.1177/1049732314554093
https://doi.org/10.1155/2018/6895146
https://doi.org/10.1016/j.bbi.2014.03.008
https://doi.org/10.1016/j.jneuroim.2007.08.012
https://doi.org/10.1530/EJE-16-0737
https://doi.org/10.1155/2014/150239
https://doi.org/10.1155/2019/1684074
https://doi.org/10.1089/105072502761016458
https://doi.org/10.1016/j.clinbiochem.2013.12.002
https://doi.org/10.1016/j.beem.2004.11.003
https://doi.org/10.1186/s12888-018-2006-2
https://doi.org/10.3389/fendo.2019.00340
https://doi.org/10.1159/000353777
https://doi.org/10.1590/1516-44462004000100012
https://doi.org/10.1097/YCO.0b013e3283387b50
https://doi.org/10.1155/2012/590648
https://doi.org/10.1210/jc.2014-4466
https://doi.org/10.1210/jc.2011-2768
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://www.frontiersin.org/journals/endocrinology#articles

	No Effect of Thyroid Dysfunction and Autoimmunity on Health-Related Quality of Life and Mental Health in Children and Adolescents: Results From a Nationwide Cross-Sectional Study
	Introduction
	Materials and Methods
	Study Population
	Questionnaires
	Laboratory Studies
	Physical Examination
	Ultrasonography
	Core Definitions
	Statistics—Overview
	Analysis of (Co-)Variance
	Multiple Regression
	Demographics and Sensitivity Analysis


	Results
	KINDL-R and SDQ—ANCOVA
	KINDL-R and SDQ—Multiple Regression
	TPOonly

	Discussion
	Hashimoto's Thyroiditis
	TPOonly
	Subclinical Hypothyroidism
	Subclinical Hyperthyroidism
	Overt Hypothyroidism
	Overt Hyperthyroidism
	General Pediatric Population
	Limitations

	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Supplementary Material
	References


