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Abstr act

Introduction   Severe acquired hypothyroidism in childhood 
is a rare condition, mostly caused by autoimmune thyroiditis. 
Scarce and inconsistent data based on small patient numbers 
exist concerning its impact on growth in height.
Methods   Patient files at a single centre university hospital 
over 8 years were retrospectively reviewed. We identified 43 
patients (mean age 10.6 years, 3.3–15.25, 59 % prepubertal, 
88 % females) in a cohort of children older than 3 years with an 
initial TSH > 30 mIU/l and reduced T4 or fT4; congenital and 
drug-induced hypothyroidism were excluded.
Results   All patients had signs of autoimmune thyroiditis (93 % 
positive autoantibodies, 95 % typical ultrasonography, 63 % 
goiter). Median TSH was 100 mIU/l [0.3–4 mIU/l]), median fT4 
3.55 pg/ml [8–19 pg/ml], median T4 2.85 µg/dl [5.3–11 µg/dl]. 
Presenting symptoms included goiter (26 %), tiredness (23 %), 
weight gain (19 %), and growth retardation (19 %). The diagno-
sis was made incidentally in 26 % patients. In 75 % growth was 
retarded (median height standard deviation score (SDS)-0.55), 
in 17 % height SDS was < -2 at diagnosis. Midparental height 
SDS at diagnosis correlated significantly with T4 and fT4 
(r = 0.77, p = 0.0012 and r = 0.53, p = 0.021 respectively). Catch-
up growth under T4 substitution was significantly greater in 
prepubertal than in pubertal children (p 0.049).
Conclusion   This so far largest pediatric cohort with severe 
acquired hypothyroidism confirms a serious impact on growth 
which, however in most cases, showed a certain catch-up 
growth after adequate L-thyroxine therapy. The pubertal state 
seems to be important for catch-up growth. A significant num-
ber of patients were not diagnosed clinically, although affected 
by severe hypothyroidism.

Introduction
Hypothyroidism in childhood may be either congenital or acquired. 
Epidemiological studies to estimate the prevalence of hypothyroid-
ism in childhood are very rare. In one population-based study in 
Scotland in 0–22 years old individuals, acquired hypothyroidism 
was found to be more frequent with a prevalence of 1 in 1450, com-
pared to congenital hypothyroidism with a prevalence of 1 in 3700 
[1]. The etiology of primary acquired hypothyroidism mainly in-
cludes autoimmune thyroiditis, i. e. Hashimoto’s disease, with ad-
ditional iatrogenic cases occurring in inappropriate L-thyroxine 
(LT4)-substitution after thyroidectomy (either surgical or by radi-
oiodine treatment) or as a complication of drug treatment in the 

setting of Graves’ disease. Hypothyroidism caused by iodine defi-
ciency in children in western countries has become very rare, but 
can still occur in families that follow a restricted diet [2].

As the most frequent cause of acquired hypothyroidism, Hashi-
moto’s thyroiditis occurs almost exclusively after the age of 3 years 
[3] and is by far more frequent in girls than in boys. Several studies 
have focused on the prevalence and course of Hashimoto’s thyroid-
itis in childhood [4–13]. However, in most patients having a typi-
cal ultrasound aspect and positive thyroglobulin (Tg) and/or thy-
roid peroxidase (TPO) antibodies, no manifest hypothyroidism is 
observed; if thyroid function is altered, an isolated increase of TSH 
with normal T4 has been found in most cases [14].
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The lack of thyroid hormone has detrimental consequences on 
the growth of the child as outlined in severely ill cases of historic 
untreated congenital hypothyroidism. However, the acquired lack 
of thyroid hormone can also significantly impair further develop-
ment. If hypothyroidism occurs within the first two years of life, 
cognitive development can be compromised [3]. Later, mainly so-
matic growth is delayed with the hazard of short stature as final 
height. A precise characterization of pediatric patients with ac-
quired hypothyroidism especially concerning its impact on their 
further development is lacking. Only a few studies have focused on 
the influence of this condition on growth, with contradicting results 
[15–19].

In the light of scarce data about pediatric patients with manifest 
acquired hypothyroidism, we investigated another cohort of pa-
tients with acquired hypothyroidism at a pediatric single center to 
evaluate the diagnostic findings, describe the study cohort, and 
evaluate the influence of the temporary lack of thyroid hormone 
on growth.

Materials and Methods
We retrospectively evaluated all available thyroid function tests in 
a patient cohort at a tertiary pediatric university center from 
1.1.2004 to 31.12.2012. To identify patients with acquired prima-
ry hypothyroidism and therefore to avoid overlap with congenital 
hypothyroidism, we included only patients who were older than 3 
years, because acquired hypothyroidism occurs almost exclusively 
after the age of 3 years [3, 20].

The study was approved by the Ethics Committee of the Charité 
in Berlin, Germany.

To include only patients with manifest hypothyroidism, we se-
lected patients with an initial TSH > 30 mIU/l (reference value 0.3–4 
mIU/l) and reduced T4 and/or fT4 ( < 6 µg/dl and < 8 pg/ml, respec-
tively). We did not analyze hypothyroid patients with complications 
of treatment - like insufficient substitution in congenital or post thy-
roidectomy hypothyroidism or overtreatment in Graves’ disease.

We traced the patients’ clinical data and their respective charts 
to acquire information on thyroid and anthropometric parameters. 
We estimated the volume of thyroid glands according to the sono-
graphic criteria of Liesenkötter [21].

T4, fT4, TSH as well as TPO and Tg antibodies were measured by 
electrochemiluminescence immunoassays (Elecsys, Roche Diag-
nostics, Mannheim, Germany) at the Labor Berlin.

Treatment consisted of LT4 and was adapted according to regu-
lar fT4 and TSH measurements (initially after 2 and 4 weeks and in 
the follow-up every 3–6 months).

Physical examinations were conducted for height, weight, and 
pubertal stage, which were documented according to Tanner and 
testicular volume. Children were classified as prepubertal if girls had 
Tanner stage 1 and if boys had a testicular volume of ≤ 3 ml.

To evaluate growth, we calculated the height standard deviation 
score (SDS) based on Reinken et al. [22]. Mid-parental height (MPH) 
was calculated based on the documented height of both parents. 
MPH data was available for 30 patients. The MPH SDS was calculat-
ed using the following formula: (MPH–normal adult height/SDS) .

The value of height SDS minus MPH SDS indicates whether the 
child is growing as per his/her genetic target height. A negative 

(height SDS-MPH SDS) indicates that the child is shorter than ex-
pected, while a positive (height SDS-MPH SDS) indicates that the 
child is taller than expected for his genetic target height. To evalu-
ate the magnitude of catch-up growth after initiating the thyrox-
ine replacement therapy, the difference between the (height SDS-
MPH SDS) value at diagnosis and the last available value was calcu-
lated. In addition, the individual growth charts were assessed for 
change in the growth percentiles.

Growth retardation was diagnosed if height SDS (or height SDS–
MPH SDS) before diagnosis was greater ( > 0.5 SDS) than height SDS 
(or height SDS–MPH SDS) at manifestation and/or if height SDS (or 
height SDS–MPH SDS) at diagnosis was less ( < 0.5 SDS) than last 
documented height SDS (or last documented height SDS–MPH 
SDS). Growth retardation was also assumed if height SDS–MPH SDS 
at diagnosis was < -1 (not applicable for syndromic patients).

Statistical analyses were performed using SPSS and R-Statistical 
Software. We performed Spearman Rank correlation and a Mann-
Whitney U-test.

Results
We screened all the patient files at our center between 2004 and 
2013 and identified 99 patients who were older than 3 years and 
had a TSH > 30 mIU/l, T4 < 6 µg/dl, and/or fT4 < 8 pg/ml. Fifty-six of 
these patients were either suffering from congenital hypothyroid-
ism, or hypothyroidism was drug-induced or occurred after thy-
roidectomy.

The remaining 43 patients were considered to be affected by 
acquired primary manifest hypothyroidism and were investigated 
further. Of these 38 were female, so the male to female ratio was 
1:8. The mean age at diagnosis was 10.6 years and 59 % were pre-
pubertal (shown in ▶Fig. 1a).

Most of the patients underwent thyroid function tests for goiter, 
tiredness, growth retardation, and weight gain. Other reasons in-
cluded constipation, cold hand and feet, and joint pain. Remarka-
bly, in 11 patients (26 %) thyroid function test was performed in the 
setting of a routine blood test and hypothyroidism was therefore 
diagnosed incidentally (see ▶Fig. 1b). In two patients, Down syn-
drome and in one patient Tuner syndrome had been previously di-
agnosed.

Median TSH was 101 mIU/l, median fT4 was 3.55 pg/ml, and me-
dian T4 was 2.85 µg/dl. A continuum of severity of hypothyroidism 
was observed to have significant negative correlation of TSH and 
fT4 or T4 (fT4: r = -0.55, p = 0.0016; T4: r = -0.82, p = 0.000006) (see 
▶Fig. 2). Seven of the 11 patients, who were diagnosed inciden-
tally without clinical symptoms, were found with a milder hypothy-
roidism (T4 > 5 µg/dl or free T4 > 5 pg/ml), but four of these patients 
were affected by severe hypothyroidism (T4 < 3.5 µg/dl or free 
T4 < 1.5 pg/ml).

In 41 patients, thyroid ultrasonography was performed at diag-
nosis. In 40 of 41 patients, the ultrasonography showed typical 
signs of thyroiditis (heterogeneous echotexture and hypervascu-
larization). Sixty-six percent of the participents had goiter, 32 % had 
a normal seized thyroid, and 2 % had a hypoplastic thyroid (see 
▶Table 1). Ninety-three percent of the participants were positive 
for TPO antibodies and 70 % tested positive for TG antibodies. Two 
patients did not have elevation of any of these two antibodies but 
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showed signs of antibody-negative Hashimoto’s thyroiditis at thy-
roid ultrasonography. Thus, all 43 patients who were diagnosed by 
their laboratory values to have acquired manifest hypothyroidism 
were affected by Hashimoto’s thyroiditis (see ▶Table 1).

Growth data were available for 42 patients. To estimate the im-
pact of hypothyroidism on growth, each individual’s height at di-
agnosis was evaluated as “height-SDS” (to identify the deviation 
from normal age and gender matched reference height) (shown in 
▶Fig. 3a). At diagnosis, 75 % of patients had a negative height-SDS, 
suggesting a growth deficit of the cohort compared with an age- 
and gender-matched reference cohort, while five patients had a 
manifest non-syndromic short stature as they had a height SDS < -2 
(see ▶Fig. 3a).

In addition, 20 patients (47 %) were classified as having growth 
retardation at diagnosis based on their growth charts. In total, only 
13 patients had no growth retardation (30 %). In 10 patients, 
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▶Table 1	 The diagnostic findings in our study cohort

Finding Patients [ %] 
(number)

Ultrasonography: thyroid size
Goiter 66 (27)

Normal size 32 (13)

Hypoplastic 2 (1)

Ultrasonography (41): typical signs for 
thyroiditis

98 (40)

Anti-TPO-ab positive 93 (40)

Anti-TG-ab positive 70 (30)

No Ab positive 5 (2)

No Ab positive and no typical signs at 
ultrasonography

0 (0)

TPO: thyroid peroxidase, ab: antibody, TG: thyroglobulin

▶Fig. 1	 a Age distribution of the cohort with severe primary hypothyroidism. b Presenting symptoms that led to the prescription of a thyroid func-
tion test.
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growth retardation could not be evaluated because less than two 
values of their growth were available < 6 months apart from each 
other after manifestation, or neither MPH nor the height values be-
fore diagnosis were available. Two syndromic patients were exclud-
ed from the analysis. One Down syndrome patient was classified as 
having growth retardation, as her growth before developing hypo-
thyroidism was better (− 1.98 SDS) than at diagnosis (− 2.5 SDS) 
and she showed an incomplete catch-up growth under treatment 
(last available height:− 2.17 SDS).

To evaluate the impact of the severity of hypothyroidism on 
growth, we calculated the correlation of fT4 or T4 with the MPH 
SDS at diagnosis. We found a significant correlation between the 
fT4 or T4 values at diagnosis and MPH SDS at diagnosis (fT4: 
r = 0.53, p = 0.021; T4: r = 0.77, p = 0.0012) (see ▶Fig. 3b).

We could evaluate the follow-up of 33 patients after a median 
follow-up time of 3.4 years (0.6–10.3 years). Besides, 58 % of the 
initially prepubertal patients were followed at least until the age of 

12 years. MPH was available for 26 of these 33 patients. To evalu-
ate the magnitude of catch-up growth, we calculated the differ-
ence (height SDS-MPH SDS) at diagnosis and at their last visit (delta 
height SDS-MPH SDS). Complete catch-up growth was defined as 
a difference of < 0.5 SDS to the value before hypothyroidism or, if 
the value before hypothyroidism was not available, as the last doc-
umented (height SDS-MPH SDS) value of < -1 SDS. Forty percent of 
children achieved a complete catch-up growth under treatment. 
Most children experienced some catch-up growth (positive delta 
height SDS-MPH SDS) (shown in ▶Fig. 4a), but the majority (18 
out of 26 patients) still had a negative (height SDS-MPH SDS) value 
at their last documented visit (see ▶Fig. 4b). Catch-up growth was 
significantly greater in prepubertal (median delta (height SDS-MPH 
SDS) + 0.5) than in pubertal children (median delta (height SDS-
MPH SDS)-0.2) (p 0.049) (see ▶Fig. 4c).

▶Fig. 3	 a Height-standard deviation score (SDS) at diagnosis. b Correlation between midparental height standard deviation score (MPH SDS) at 
diagnosis and T4 [µg/dl] / fT4 [pg/ml]. Values of T4 are shown as ■ and values of fT4 as a ♦. Correlation between MPH SDS at diagnosis and T4 is 
shown as a ‘_ _ _’ line, and that between MPH SDS at diagnosis and fT4 as a ‘___’ line, ‘r’ denotes Spearman’s rank correlation coefficient.
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Discussion and Conclusions
This study evaluated severe acquired hypothyroidism in the so-far 
largest cohort of children. In line with many other studies, all chil-
dren in our study population were affected by Hashimoto’s thyroid-
itis. However, severe acquired hypothyroidism was rare because 
over a period of 8 years only 43 children were diagnosed.

The sex ratio (female: male) of pediatric patients affected by 
Hashimoto’s thyroiditis has been reported to be in the range of 2:1 
[23] to 6.5:1 [4]. A higher female preponderance was observed in 
the adult population, with a female to male ratio of 8:1[24]. Like-
wise, in our pediatric population with Hashimoto’s thyroiditis who 
were affected by severe hypothyroidism, we observed a female to 
male ratio of 8:1, similar to that described for adult patients. Thus, 
it can be inferred that females have a greater tendency to develop 
Hashimoto’s disease, particularly of a more severe form not only in 
adulthood but also in childhood.

In general, the age of manifestation of Hashimoto’s thyroiditis 
has been described more in the pubertal than in the prepubertal 
range [13]. Interestingly most of our hypothyroid patients were 
prepubertal, although, their age peak was close to puberty. This is 
in line with two particular studies of 19 and 26 children with hypo-
thyroidism and Hashimoto’s thyroiditis respectively, that pointed 
out a higher prevalence of overt hypothyroidism in the setting of 
Hashimoto’s thyroiditis in prepubertal children [12, 25]. In sum-
mary, these data suggest that the natural course of Hashimoto’s 
thyroiditis is more aggressive in the prepubertal age group.

Although we included only patients with severe hypothyroid-
ism, a quarter of our patients were diagnosed incidentally without 
any specific clinical sign of hypothyroidism resulting in the prescrip-
tion of a thyroid function test. While two other studies by Skarpa 
et al. and Vries et al. [12, 17] also observed that most patients with 
Hashimoto’s thyroiditis were asymptomatic, these study popula-
tions included children who were either hypothyroid, euthyroid, or 
hyperthyroid [17]. To our knowledge, this is the only study to have 
included exclusively hypothyroid patients with Hashimoto’s thy-
roiditis, with a remarkably high number of patients who were di-
agnosed incidentally.

Concerning thyroid findings, ultrasonography was more sensi-
tive in diagnosing Hashimoto’s thyroiditis than antibodies while TG 
antibodies were less frequently elevated compared to TPO antibod-
ies in these patients, consistent with the findings of other studies 
[5, 9, 12].

Although there was a shift to negative height SDS values at di-
agnosis in our cohort (29/42 patients), only five patients had a non-
syndromic short stature (height SDS < -2.0). The severity of the 
growth retardation was significantly correlated with the severity of 
hypothyroidism at diagnosis. The correlation was stronger with T4 
versus fT4 measurements (see ▶Fig. 3b). This is most likely due to 
the greater robustness of total T4 values in this particular cohort 
of children with thyroid auto-immune antibodies that possibly in-
terfere with serum thyroid hormone measurements. Therefore, our 
data clearly confirm the negative impact of manifest hypothyroid-
ism on growth. However, we could also show that most patients 
experienced catch-up growth (positive delta height SDS-MPH z-
score) under adequate LT4 substitution with complete catch-up 
growth in nearly half of the children. At the end of follow-up, the 

majority of patients still had a negative (height SDS-MPH SDS) 
value, but the height of only two children remained below SDS of-2. 
This suggests that a sufficient treatment with LT4 prevents short 
stature in the vast majority of children but cannot completely com-
pensate for minor height losses. The irreversibility of height loss is 
in line with the findings of Pantsiotou and Rivkees, who studied 29 
and 24 children, respectively, with juvenile primary hypothyroid-
ism and showed a permanent final height deficit [15, 16]. In con-
trast to the final height loss described by Rivkees, our patients were 
less short: in our cohort, two patients had a height SDS < -2 at their 
last visit while all patients of Rivkees’ cohort had a final height of < -2 
SDS. This discrepancy might be explained by the fact that Rivkees 
included only patients with longstanding hypothyroidism who were 
all very short at the time of diagnosis.

Our data shows significantly better catch-up growth in prepu-
bertal versus pubertal children and is in line with the studies of 
Ranke (20 prepubertal children with primary hypothyroidism) [19] 
and Chiesa (26 prepubertal and six pubertal children)[18], who 
demonstrated a complete catch-up growth in prepubertal [18, 19], 
but not in pubertal children [18].

The growth data of our study contradict those of de Vries et al. 
who reported a significantly lower height SDS at diagnosis in hypo-
thyroid children with Hashimoto’s thyroiditis compared to a euthy-
roid Hashimoto’s thyroiditis subgroup, while this difference dimin-
ished during follow up under treatment with LT4 [17].

In conclusion, this is the first study to provide the largest cohort 
of children with Hashimoto’s thyroiditis and severe acquired hypo-
thyroidism and the first to primarily focus on this rare hypothyroid 
subgroup. Growth retardation was observed in the majority of pa-
tients at diagnosis and correlated significantly with the severity of 
hypothyroidism. However, adequate treatment with LT4 resulted 
in the prevention of short stature in most patients-except for two 
patients-although in more than 50 % of the patients a final height 
reduction remained when considering MPH values and longitudi-
nal changes of their growth. Remarkably, a quarter of these severe-
ly hypothyroid patients were discovered incidentally by random 
blood tests. It might therefore be reasonable to consider a thyroid 
function test in every child with a decline in growth rate to avoid 
the development of more severe hypothyroidism and hence the 
risk of an irreversible impact on growth.
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