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Abstract

Objective: Congenital hypothyroidism (CH) per se, when not
treated or undertreated, may lead to severe behavioural
problems (cretinism), whereas overtreatment of CH seems
associated with attention problems. Design and Methods:
For 55 CH patients, prospectively followed from birth until
11 years, parents rated the Child Behaviour Checklist and
teachers the Teacher’s Report Form at children’s ages 6 and
11 years. We related scores regarding Attention, Delinquen-
cy, and Aggression (ADA scores, indicative for attention def-
icit hyperactivity syndrome, ADHD), and scores regarding
Withdrawn, Anxious, Social, and Thought problems (WAST
scores, indicative for autism) to the occurrence of over- and
undertreatment in five age periods. Over- and undertreat-
ment were defined as free thyroxine (fT4) concentrations
above/below the range of the patient’s individual fT, steady
state concentration. Results: ADA scoresat6and 11 years for
patients overtreated in the period 1-3 months postnatally
were higher than those for patients who were not overtreat-

ed. Patients with severe CH undertreated in the period 3-6
months postnatally had higher WAST scores at 6 and 11
years than all other patients. Conclusions: This is the first
study suggesting that permanent ADHD as well as autism in
CH patientsatages 6 and 11 years are the result of early over-
treatment and undertreatment, respectively.

© 2018 The Author(s)
Published by S. Karger AG, Basel

Introduction

Thyroid abnormalities have been associated with at-
tention deficit hyperactivity disorder (ADHD) in various
studies [1-3]. This association is most clearly seen in a
study on thyroid hormone resistance [1], where the ma-
jority of the patients were found to have ADHD. In ado-
lescents with congenital hypothyroidism (CH) the pro-
portion of patients with ADHD was estimated at 30-40%
[2]. In a group of fifty 10-year-old CH patients poor at-
tention was seen after overtreatment in the first 6 months
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after birth [3]. Two other studies, however, failed to con-
firm poor impulse control and externalizing problems in
CH patients. These patients were predominantly intro-
vert [4, 5]. In an earlier study we demonstrated that severe
maternal hypothyroxinaemia, in a period when the foetus
is still largely dependent on maternal thyroxine (T,) sup-
ply, led to a 4-fold higher risk of autism in the off-spring
than higher maternal T, concentrations [6]. The exact
mechanism underlying the presence of behavioural prob-
lems in CH is still unclear.

Rovet et al. [7] investigated temperamental behaviour
in early-treated CH patients [7] and found that serum T
concentrations of patients classified as “difficult” at the
age of 6 months had been higher in the period 1-3 months
postnatally than those of patients classified as “easy” [7].
This difference in temperament persisted until at least the
age of 2 years.

In the study presented here we evaluated behaviour in
CH children by means of questionnaires completed by
parents and teachers at different children’s ages. The re-
sults were related to overtreatment (OT) and undertreat-
ment (UT). Assessment of OT and UT was based upon
the individual free T, (fT4) steady state concentrations
(SSCs) [8]. We investigated whether behavioural prob-
lems in CH are associated with OT and UT, respectively,
and if so, from which period these problems originated,
how long they persisted, and whether they equally affect-
ed patients with severe and mild CH.

Methods

Subjects

The study group was part of a cohort of 61 children (22 male)
with early-treated permanent CH described previously [8-12].
They were born in the Netherlands between February 1993 and
July 1996. It was a nationwide study. All patients were under the
care of their own local paediatrician. Inclusion and exclusion cri-
teria were described earlier [9]. Included were patients with the
diagnosis of permanent CH, on L-T, therapy. Exclusion criteria
were as follows: risk for abnormal psychomotor development for
reasons other than CH (asphyxia, meningitis, chromosomal ab-
normalities, a syndrome with severe hypotonia, severe prematu-
rity), having a mother with known thyroid abnormalities, and so-
cial reasons (e.g., children of refugees). Severity of CH was classi-
fied according to aetiology [13]. Severe CH was defined as total
incapability to produce T4, and mild CH as partial incapability
[7,8].

Psychological Tests

At children’s ages 6 and 11 years, parents rated the Child Be-
haviour Checklist (CBCL) [14] and teachers the Teacher’s Report
Form (TRF) [15]. CBCL and TREF are screening tests, both consist-
ing of 113 questions, to be rated on a 3-point scale, and subdivided

248 Horm Res Paediatr 2018;90:247-256

DOI: 10.1159/000494056

in 8 domains of behaviour: Socially withdrawn, Somatic com-
plaints, Anxious/depressed, Social problems, Thought problems,
Attention problems, Delinquency, and Aggression. The raw scores
can be converted to age-standardized scores, T scores, that can be
compared with scores obtained from normative samples of chil-
dren within the same age range. A higher score means a greater
number or intensity of behavioural problems. T scores below 65
are interpreted as normal, between 65-70 as borderline, and above
70as clinical. Thyroid status around the test moments was checked.
The aggregated score for the domains Attention problems, Delin-
quency, and Aggression, addressed as ADA score, was determined
by taking the mean T score of these three domains. The aggregated
score for the domains Socially withdrawn, Anxious/depressed, So-
cial problems, and Thought problems, addressed as WAST score,
was determined by taking the mean T score of these four domains.
The control group at 6 years contained 36 children, and at 11 years
28 children. It comprised healthy, age-matched children, from reg-
ular primary schools in the Leiden-Rotterdam region.

Over- and Undertreatment

Over- and undertreatment status was based on the individual
fT, steady state concentration (fTy SSC) [7], defined as that T,
concentration at which it is constant, despite ongoing processes
that might change it, such as medication, T4 clearance, and altera-
tions in the equilibrium between the different deiodinase pathways
[16]. The rationale of the SSC is that it is not possible to treat CH
patients properly without knowing what euthyroidism means for
the individual patient [11]. SSC provides fT, concentrations to aim
at, as well as individual ranges that indicate over- and undertreat-
ment. In healthy, euthyroid subjects and subjects with stable thy-
roid disease individual SSCs represent the mean value of a series
of determinations under stable and euthyroid conditions as much
as possible [17-19]. For the determination of SSCs in CH patients,
we assumed that most euthyroid samples would be present in sam-
ples with a thyroid stimulating hormone (TSH) between 0.5 and
10 mU/L and obtained at an age at which T4 and TSH have stabi-
lized after the onset of therapy, i.e., from 1.5 months up to 132
months after the start of therapy. Next, samples with fT concen-
trations outside the 95% CI were excluded (Table 1). This selection
procedure yielded a mean of 21 samples per patient, out of the
mean of 44 samples that were available per patient. As described
previously, individual fT, SSCs decrease slightly in the period 0-11
years and are largely independent of the L-T, dosage [7]. In the
initial period, i.e., from therapy start to 1.5 months later, values are
somewhat higher than in the post-initial period without reaching
significance: mean (SD) 22.5 (3.0) versus 21.7 (2.6) pmol/L, respec-
tively (p = 0.07) (Table 1) [7]. Over- and undertreatment were de-
fined as fT concentrations above +2 SD/below -2 SD of the indi-
vidual fT SSC. Patients were considered as over-/undertreated
(OT/UT) during a specific time period if in that period they had
experienced one or more episodes of over- or undertreatment. The
interval between 1 month after birth and 11 years of age was sub-
divided into five periods: 1-3 months, 3-6 months, 6-24 months,
2-6years, and 6-11 years. Patients were classified per period as OT
positive (OT+) or OT negative (OT-), and as UT positive (UT+)
or UT negative (UT-).

Statistical Analysis
Statistical analysis was done with SPSS version 24.0 (SPSS Inc.
Chicago, IL, USA). Eight separate multiple regression procedures

Bongers-Schokking et al.



Table 1. fT4 and TSH SSC values of the 61 CH patients of the original study group [7]

Age interval, Samples SSC CV, %
months per patient, n
Post-initial fT,; SSC, pmol/L 1.5-132 21.0 21.7 (2.6) [16.6; 28.7] 12.0 (3.9)
Initial fT; SSC, pmol/L 0.23-1.5 4.6 22.5(3.0) [16.2;27.3] 13.2 (6.3)
Post-initial TSH SSC, mU/L 1.5-132 21.0 3.3(1.9) [0.9; 5.7] 59.9 (13.6)

SSCvalues are presented as mean (SD) [95% CI]. Age interval: age after onset of therapy. CV: mean coefficient
of variation (CV) within the individual SSCs. Difference between initial SSCs and SSCs for interval 1.5-132

months: p =0.07.

were used to compare the effect of OT/UT on the parental and
teachers’ ADA and WAST scores at children’s ages 6 and 11 years.
In this analysis the OT+/OT- and UT+/UT- treatment groups of
the five age periods were the independent variables, and ADA and
WAST scores at 6 and 11 years the dependent variables. Multiple
regressions were applied to identify behavioural score differences
between patients with severe and mild CH within the OT+, OT-,
UT+, and UT- groups. ANOVAs were applied to compare fT,
concentrations (in pmol/L and SSC SDS) as well as TSH values of
the OT+/OT- and UT+/UT- groups during the five age periods.
CBCL and TRF scores of patients and controls were compared
with Student ¢ tests. Pearson correlations were performed to find
potential associations between the scores at 6 and 11 years. For all
tests a significance level of 0.05 was used.

Results

Subjects and Tests

The initial cohort consisted of 61 patients (22 male),
that at 6 years of 46 patients (13 male), and thatat 11 years
of 55 patients (19 male). Of these 55 patients 8 were non-
ethnic Dutch, i.e., Moroccan or Turkish. According to
aetiology, 23 cases of CH were classified as severe and 32
as mild, with mean (SD) pre-treatment fT, concentra-
tions of 2.6 (1.0) and 8.7 (3.8) pmol/L, respectively. In the
severe group 19 patients had agenesis, and 4 had total
dyshormonogenesis; in the mild group 28 patients had an
ectopic gland, and 4 patients had partial dyshormono-
genesis. Age at onset of treatment was 14.2 (4.6) days, and
the initial L-T4 dose was 8.7 (2.2) ug/kg. Mean socio-eco-
nomic status (SES) was 2.13 (0.75), on a 3-point scale.
Follow-up data on fT,, TSH, and L-T, dose were collected.

At 6 years 40 CBCL forms and 31 TRF forms were
filled out; at 11 years 55 of both forms were filled. Three
patients were formally diagnosed as having ADHD, 2 met
the criteria for autism. Two ADHD patients were treated
with methylphenidate after the age of 6 years (no medica-
tion was taken during testing). For one of those, TRF

CH Treatment and Preadolescent
Behaviour

ADA scores from 6 to 11 years decreased from 74 to 63;
for the other scores were comparable (69 and 71).

All but 6 patients had a normal thyroid status at test-
ing. Atboth test moments 1 patient was undertreated and
2 were overtreated. Parents’ and teachers” WAST scores
of the 2 hypothyroid patients were below 60; teacher’s
ADA score for one of them was in the borderline range
(69) at age 6 years and in the clinical range (71) at age 11
years. The 2 hyperthyroid patients had teachers’ ADA
scores of 58 and 64 at 6 years. At 11 years the latter score
was 57. At age 11 years the 2 hyperthyroid patients had
teachers’ ADA scores of 51 and 69. The latter borderline
score could not be compared with a previous score, be-
cause it was lacking.

Parental ADA and WAST scores at 6 and 11 years
showed a good relationship (0.686 and 0.617, respective-
ly, p < 0.001 for both). The same holds for the teachers’
scores (0.818 and 0.575, respectively, p < 0.001), consider-
ing that the rating was done by two different teachers.

Relation of ADA and WAST Scores with Treatment

Table 2 shows the differences in behavioural scores
(ADA and WAST) between the groups with and without
overtreatment (OT+/OT-) and with and without under-
treatment (UT+/UT-), respectively, for the periods 1-3,
3-6, and 6-24 months after birth.

Apart from the parental ADA score at age 6 years,
ADA scores were positively related to overtreatment in
the period 1-3 months after birth (Table 2). Negative as-
sociations were established between overtreatment in the
period 3-6 months and the ADA scores of both parents
and teachers at age 11 years. No significant relation be-
tween ADA scores and undertreatment could be found in
any of the periods. WAST scores at ages 6 and 11 years
were positively related to undertreatment in the period
3-6 months (Table 2), with the exception of the teachers’
WAST score at age 6, possibly due to the small number of
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undertreated patients in the UT+ group (n = 5). Under-
treatment in the period 6-24 months was significantly
negatively associated with WAST scores of parents and
teachers at age 11 years (Table 2). No significant relation
between overtreatment and WAST scores was found in
any of the investigated periods. No significant associa-
tions were established for the two later periods, from 24
months to 11 years, either between ADA scores and over-
treatment or between WAST scores and undertreatment.
In all analyses ADA scores of the OT- groups and WAST
scores of the UT- groups were non-significantly different
from those of the control groups (p > 0.084 for all).

Figure 1 shows the combined mean behavioural scores
of the ratings at 6 and 11 years by parents and teachers,
for the period 1-3 months (ADA scores; Fig. 1a) and 3-6
months (WAST sores; Fig. 1b). Mean (+ SEM) combined
ADA scores of the OT+ and OT- groups differed signifi-
cantly: 55.9 (0.7) (number of ratings, n = 104) vs. 52.8 (78)
(n =78; p < 0.001), as did the mean combined WAST
scores of the UT+ and UT- groups: 58.1 (1.3) (n = 32) vs.
53.0 (0.3) (n = 149; p < 0.001).

Relation of ADA and WAST Scores with Type of CH

Table 3 shows the differencesin mean ADA and WAST
scores, rated by parents and teachers at children’s ages 6
and 11 years, between severe and mild CH patients in the
treatment groups OT+, OT-, UT+, and UT-, for the pe-
riods 1-3 months (ADA scores) and 3-6 months (WAST
scores). There were 13 and 16 severe and mild cases, re-
spectively, in the OT+ group, 10 and 16 cases in the OT-
group, 5 and 5 cases in the UT+ group, and 18 and 27
cases in the UT- group. The ADA scores did not differ
significantly between severe and mild patients in the OT+
or OT- groups (Fig. 1a). Highly significant differences
were found, however, between the severe and mild pa-
tients in all UT+ groups (p < 0.001 for all) (Table 3;
Fig. 1b). The risk of a WAST score >60 was 33.3 (95% CI
10.3; 108.0)-fold higher for a patient with severe CH and
undertreated in the period 3-6 months than for all other
CH patients. Pre-treatment fT, concentrations of pa-
tients with UT+ and severe CH were lower than those of
patients with UT- and severe CH: -9.0 (1.3) vs. -7.2 (2.4)
SSC SDS, respectively (p = 0.043). In the UT+ group,
mean {T, (in SSC SDS) and TSH concentrations of the
severe and mild patients in the period 3-6 months were
comparable: fT, -1.17 (1.47) vs. -1.19 (1.01) SSC SDS,
respectively (p = 0.986); TSH 16.1 (8.5) vs. 14.5 (9.3)
mU/L, respectively (p = 0.773). The same holds for the
mean duration of undertreatment: 1.61 (0.77) vs. 1.81
(0.43) months, respectively (p = 0.673).

Bongers-Schokking et al.



Table 3. Differences in ADA and WAST scores, rated by parents and teachers at 6 and 11 years, between severe and mild CH patients
of treatment groups OT+, OT-, UT+, and UT-, for the period 1-3 months (ADA scores) and 3-6 months (WAST scores)

Score Age pe- Treatment 6 years 11 years
ngil’ths groups parents teacher parents teacher
score diff. ~ p* score diff.  p* score diff. ~ p* score diff.  p*
S/M S/IM S/M S/M
ADA  1-3 OT+ ~1.8(2.3) 0.403 ~12(23) 0586 0.6(2.1) 0818 0.54 (2.7) 0.850
ADA 1-3 OT- 0.6 (1.9) 0.793 43(2.2) 0.195 0.2 (1.9) 0.891 2.7 (2.0) 0.299
WAST 3-6 UT+ 11.4 (2.3) <0.001 11.5(3.1) 0.001 7.5 (2.4) 0.001 10.2 (2.7) <0.001
WAST 3-6 UT- 0.3 (1.3) 0.760 -2.1(1.5) 0.549 -0.3 (1.5) 0.878 0.6 (1.3) 0.701

Score differences are presented as mean (SEM). Score diff. S/M: score difference between severe and mild CH within the indicated

group. * Bold p values indicate significant results.

57
65
56
63
55 |
< 5 0
o) <
< =
541 58
53 E 55 E
k) .
55 | 53 4
T T T T T T T T
OT+/Sev OT+/mild OT-/Sev OT—/mild UT+/Sev UT+/mild UT-/Sev UT-/mild
a OT treatment groups b UT treatment groups

Fig. 1. a Mean combined ADA scores (+ SEM), rated at children’s
ages 6 and 11 years by parents and teachers, of over- and not over-
treated patients in the period 1-3 months, subdivided into treat-
ment groups OT+/severe, OT+/mild, OT-/severe, and OT-/mild.
Difference between ADA scores of OT+ and OT- patients: p <
0.001; difference between severe and mild congenital hypothyroid-
ism (CH) patients in the OT+ group: not significant. b Mean

fT4and TSH Concentrations

In the period 1-3 months postnatally fT, concentra-
tions (in pmol/L and in individual SSC SDS values) in the
OT+ group were higher and TSH values were lower than
those in the OT-group (p < 0.001 for all) (Table 4; Fig. 2a).
Likewise, in the period 3-6 months fT, concentrations in
the UT+ group were lower and TSH values were higher

CH Treatment and Preadolescent
Behaviour

WAST scores (+ SEM), rated at ages 6 and 11 by parents and teach-
ers, of under- and not undertreated patients in the period 3-6
months, subdivided into treatment groups UT+/severe, UT+/
mild, UT-/severe, and UT-/mild. Difference between WAST
scores of UT+ and UT- patients: p < 0.001; difference between se-
vere and mild CH patients in the UT+ group: p < 0.001. OT, over-
treatment; UT, undertreatment; Sev, severe.

than those in the UT- group (p < 0.001 for all) (Table 4;
Fig. 2b).

Relation of ADA and WAST Scores with Other

Variables

Regarding the period 1-3 months, patients in the OT+
and OT- groups did not differ in initial L-T4 dose: 9.2
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Table 4. fT; and TSH concentrations of the OT+/OT- and UT+/UT- groups in age periods 1-3, 3-6, and 6-24 months

Age period, Treatment Patients, Samples, T}, p* T, p* TSH, p*

months groups n n pmol/L SSC SDS mU/L

1-3 OT+ 29 139 25.8 (0.7) <0.001  2.16(0.27) <0.001  7.6(2.2) <0.001
OT- 26 123 21.3(0.6) -0.59 (0.30) 21.7 (3.2)

3-6 OT+ 18 59 27.6 (1.2) <0.001  2.66(0.43) <0.001  3.1(1.4) 0.012
OT- 37 102 21.4(0.7) -0.10 (0.21) 9.1 (1.5)

6-24 OT+ 26 249 22.9(0.7) 0.003 0.44 (0.18) <0.001 5.4 (1.0) 0.009
OT- 29 290 20.1 (0.6) -0.87(0.22) 9.6 (1.2)

1-3 UT+ 10 51 19.0 (1.5) <0.001 -1.22(0.73) <0.001 24.4 (6.5) <0.001
UT- 45 211 25.1(0.8) 1.53 (0.35) 10.7 (2.2)

3-6 UT+ 10 35 19.0 (1.3) <0.001 -0.77 (0.62) <0.001 14.1 (4.5) <0.001
UT- 45 126 24.7 (0.9) 1.27 (0.37) 5.5(1.3)

6-24 UT+ 31 296 20.1 (0.6) <0.001 -0.83(0.20) <0.001 8.9 (1.5) <0.001
UT- 24 243 226 (0.7) 0.53 (0.18) 4.6(1.2)

T4 and TSH concentration values are presented as mean (SEM). * Bold p values: significant difference between OT+/OT- and UT+/
UT- groups.

37 —e— CHOT+ 27 "
2
14
£ 07
-1 4
24
-3 T T T T T T 1 -3 T T T T T T 1
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
a Age after birth, months b Age after birth, months

Fig. 2. Mean fT, concentrations (in SSC SDS) of the study group from initiation of therapy to 7 months. a OT+
and OT- patients of the period 1-3 months after birth. b UT+ and UT- patients of the period 3-6 months after
birth. * p < 0.001 between OT+/OT- values and between UT+/UT- values. CH, congenital hypothyroidism; OT,
overtreatment; UT, undertreatment.

(2.0) vs. 8.4 (2.0) pg/kg (p = 0.057), day of onset of treat-  (Fig. 2a). A higher fT, increase during the first week was
ment: 16.1 (6.2) vs. 13.4 (3.0) days (p = 0.109), L-T, dose:  associated with a higher teachers’” ADA score at age 11
6.7 (1.7) vs. 6.7 (1.5) pg/kg (p = 0.858), or SES: 2.12 (0.73)  (p = 0.015). The duration of the overtreatment episodes
vs. 2.04 (0.77) (p = 0.409). The groups differed signifi- in the period 1-3 months in the OT+ group: 0.85 (0.23)
cantly, however, in fT increase during the first week after ~ months, was not related to the ADA scores.

therapy onset: 7.2 (4.0) vs. 4.3 (2.7) SSC SDS (p = 0.004)
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Regarding the period 3-6 months, the patients of the
UT+ and UT- groups did not differ in initial L-T, dose:
8.5 (1.9) vs. 8.6 (2.3) ug/kg (p = 0.857), day of onset of
treatment: 12.4 (8.1) vs. 14.4 (4.8) days (p = 0.209), SES:
2.30 (0.68) vs. 2.09 (0.76) (p = 0.424), or fT increase dur-
ing the first week: 12.5 (9.0) vs. 14.2 (9.9) pmol/L (p =
0.430). The UT+ and UT- groups differed, however, in
L-T, dose in the period 3-6 months: 4.6 (1.0) vs. 5.6 (1.4)
ug/kg (p = 0.032) (Fig. 2b). The duration of the under-
treatment episodes in the period 3-6 months in the UT+
group: 1.71 (0.59) months, was not related to the WAST
scores (p = 0.308). The pre-treatment T, concentrations
(in SSC SDS) of the UT+ patients with severe CH were
lower than those of severe cases in the UT- group: -9.0
(1.4) vs. 7.2 (2.4) SSC SDS (p = 0.043).

Discussion

Our data suggest that CH patients who experienced
one or more overtreatment episodes in the period 1-3
months postnatally may show behavioural problems at a
later age, especially poor attention and externalizing be-
havioural problems. Severe CH patients who had been
undertreated in the period 3-6 months postnatally more
frequently showed behavioural problems like introver-
sion, anxiety, social problems, and thought problems
than mild CH patients and patients who were not under-
treated. Problems were not present in all over- and under-
treated patients, but if present at the age of 6 years seem
to be sustained at the age of 11 years. Both over- and un-
dertreated CH patients in the indicated periods presented
with a specific pattern of CBCL and TRF elevations for
the domains included in the ADA and WAST scores, re-
sembling the patterns found for ADHD and autism spec-
trum disorders (ASD), respectively [20-22]. Overtreat-
ment in the period 1-3 months equally affected patients
with severe and mild CH - as was also found in another
study [6] - suggesting a postnatal cause for the high ADA
scores. Undertreatment in the period 3-6 months pre-
dominantly affected patients with severe CH, with a high
risk for ASD-like problems, suggesting an additional fac-
tor, perhaps from prenatal origin, rendering patients with
severe CH more vulnerable for postnatal hypothyroid-
ism. The pre-treatment fT, concentrations of the UT+
patients with severe CH were among the lowest values of
all severe cases in our study, suggesting a severe intrauter-
ine T, deficiency. In an earlier study we found an associa-
tion between early severe maternal hypothyroxinaemia
and an increased risk for autism [21]. Another study

CH Treatment and Preadolescent
Behaviour

demonstrated that very low T, concentrations at birth
(<P3) were related to a higher risk for ASD [23]. Other
factors, like for instance a genetic factor, may of course
also be involved in the ADA as well as WAST elevations.
Behavioural problems could only be related to over-
and undertreatment in the early periods 1-3 and 3-6
months, respectively, suggesting that normal fT concen-
trations in these short time windows are essential for pre-
venting behavioural problems at a later age. We assume
that over- and undertreatment in these respective periods
are causative factors for the high ADA and WAST scores,
and that the negative associations between behavioural
scores and over- and undertreatment in the subsequent
periods, i.e., 3-6 and 6-24 months, respectively, are a
consequence of the positive associations in the previous
periods. A negative association in this respect means that
the behavioural scores for the groups without over- and
undertreatment were higher than those for the groups
with over- and undertreatment. These negative associa-
tions were the result of the high behavioural scores for
several patients who had been over- or undertreated in
the periods 1-3 or 3-6 months, respectively, but not in
the subsequent periods. The absence of over- or under-
treatment in these subsequent periods is unlikely to be a
causative factor for the high behavioural scores. If the ab-
sence of over- and undertreatment would be a causative
factor, a substantial proportion of all healthy newborns
with normal thyroid function without over- or under-
treatment in these periods would show ADHD-like or
ASD-like behaviour, which is obviously not the case. Fur-
thermore, the conclusion that overtreatment in the peri-
od 1-3 months is a causative factor for high ADA scores,
and that the absence of overtreatment in the period 3-6
months is not, is in line with previous studies [3, 6]. One
of these [6] suggests that at least a considerable propor-
tion of the “difficult” patients experienced overtreatment
in the period 1-3 months, because at 3 years they showed
more advanced motor development than did the “easy”
patients. The other study [3] showed that poor attention
in CH patients at the age of 10 years was predicted by the
number of overtreatment episodes, defined as TSH <0.05
mU/L, during the first 6 months. Interestingly, as in the
present study, the highest mean fT, concentrations in that
study were found in the period 1-3 months after birth.
On the other hand, studies dating from the early years
of the CH screening programmes failed to confirm poor
impulse control and externalizing problems in CH pa-
tients [4, 5]. At 7.5 years these children showed normal
impulse control and at 7.5 and 9.5 years were predomi-
nantly introvert, similar to our patients undertreated in
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Table 5. fT, concentrations of the first

o . 4
three follow-up samples, at 4.3, 9.2, and Initial 1-T* dose,

Minimal initial fT, deficit, pmol/L

17.0 days, by initial L-T4 dose and ug/kg <10 pmol/L 10-15 pmol/L >15 pmol/L
minimal initial fT deficit
5.0 ~0.7 [-2.4; 1.1] ~2.3[-3.9;-0.7] ~4.0 [-5.4; -2.5]
7.5 1.0 [-0.7; 2.7] 0.7 [-2.1; 0.8] -2.3[-3.7; -0.9]
10.0 2.7 [1.2;4.1] 1.0 [-0.1; 2.0] 0.7 [-1.7; 0.5]
12.5 4.3[1.956.7] 2.7 [0.3; 5.1] 1.0 [-1.0; 3.0]
15.0 5.9 [3.6; 8.4] 4.3 [1.9;6.7] 2.7 [0.7; 4.7]

fT, concentrations are presented as mean [95% CI]. Minimal initial fT, deficit:
difference between -2 SD value of the 95% CI of the fT, SSC range of the whole cohort,
i.e., 16.6 pmol/L (1.28 ng/dL), and individual pre-treatment fT,. Fields with bold figures:
increased risk of overtreatment, i.e., T4 concentration >+2 SDS, relative to the individual
SSCs of the patients. Reprinted from Bongers et al. [11] with permission from the authors.

the period 3-6 months. The findings could not be related
to under- or overtreatment, because follow-up data of fT,
and TSH were not collected. Initiation of therapy was late
(27 days) and the starting L-T4 dosage was low (6 pg/kg).
Circumstantial evidence suggests that this regimen will
only sporadically lead to overtreatment, but more fre-
quently to undertreatment [24-26]. In the studies in
question, also dating from the early years of CH screen-
ing, mean TSH was relatively high (>10 mU/L) [23, 25]
and mean T, relatively low (130-145 nmol/L) during the
first year [24-26]. This suggests that in the studies that
found predominantly introvert behaviour [4, 5] only few
of the patients had been overtreated in the period 1-3
months after birth, explaining the absence of poor im-
pulse control and externalizing problems. Still, a substan-
tial proportion of them may have been undertreated in
the period 3-6 months, explaining the introvert behav-
iour, as also found in our study.

Behavioural problems in CH may be associated with
thyroid status at the time of testing [27], but then are
mostly transient. We believe that this phenomenon has
had little impact in our study, because only few patients
were dysthyroid at testing and their ADA and WAST
scores were not consistently associated with over- or un-
dertreatment.

We used the fT, SSC method to assess under- and
overtreatment [7, 11] because several overtreated patients
could have been missed with the use of TSH age-specific
reference ranges. In CH, especially during the first 24
months, high fT, concentrations fail to suppress TSH
concentrations to the low values found in healthy subjects
[11], probably due to a resistance of the hypothalamic-
pituitary-thyroid axis [28]. Moreover, the TSH response
to increasing fT, values is delayed and quantitatively less
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than in healthy individuals [11]. Still, overtreated patients
may also be missed with the use of fT, age-specific refer-
ence ranges, because the ranges are too wide and two
fixed upper and lower limit values will never be able to
properly distinguish between normal or abnormal in all
CH patients, whatever values are chosen [11].

A drawback of our study is its relative small sample
size. Still, the longitudinal design allowed obtaining CBCL
as well as TRF ratings twice, which importantly strength-
ened the results.

Regarding the optimum treatment regimen, we rec-
ommend choosing an initial L-T, dosage with which ear-
ly overtreatment is avoided as much as possible. A limit-
ing factor is that the individual fT SSC value, the main
target of treatment, is not known at the beginning of ther-
apy. We have designed an initial dosage scheme (Table 5)
[11] that shows which fT,; concentrations might be ex-
pected in the first 4-17 days with a specific L-T, dosage
and considering the patient’s minimal initial fT, deficit.
Minimal initial fT, deficit was defined as the T, differ-
ence between the lower limit of the 95% CI of the T, SSCs
of the total CH cohort, i.e., 16.6 pmol/L (1.28 ng/dL), and
the individual pre-treatment fT,. Thereafter, fT,and TSH
should be checked frequently to avoid both over- and un-
dertreatment.

In conclusion, not only should the prevention of cog-
nitive damage be considered a major aim of CH screening
and treatment, but also the prevention of neuropsycho-
logical damage. Although clinically relevant behavioural
problems were only found in a limited number of our
patients, mainly due to the small sample size of our co-
hort, it seems relevant to screen all CH patients on behav-
ioural problems. Our study is the first to show that both
early over- and undertreatment may lead to permanent
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and distinct behavioural problems: early overtreatment
to ADHD and early undertreatment to ASD. The clinical
impact of our findings is obvious: adequate treatment
may prevent serious behavioural complications. Future
studies will have to confirm this.
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