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Abstract

Objective: To identify risk factors for permanent and transient congenital hypothyroidism (CH).
Design: A population-based case-control study was carried out by using the network created in Italy
for the National Register of Infants with CH.

Methods: Four controls were enrolled for each new CH infant; 173 cases and 690 controls were
enrolled in 4 years. In order to distinguish among risk factors for permanent and transient CH, diag-
nosis was re-evaluated 3 years after enrolment when there was a suspicion of transient CH being pre-
sent. Familial, maternal, neonatal and environmental influences were investigated.

Results: An increased risk for permanent CH was detected in twins by a multivariate analysis (odds
ratio (OR) = 12.2, 95% confidence interval (CI): 2.4—62.3). A statistically significant association
with additional birth defects, female gender and gestational age >40 weeks was also confirmed.
Although not significant, an increased risk of CH was observed among infants with a family history
of thyroid diseases among parents (OR = 1.9, 95% CI: 0.7—5.2). Maternal diabetes was also found to
be slightly associated with permanent CH (OR = 15.7, 95% CI: 0.9-523) in infants who were large
for gestational age. With regard to transient CH, intrauterine growth retardation and preterm delivery
were independent risk factors for this form of CH.

Conclusion: This study showed that many risk factors contribute to the aetiology of CH. In particular,
our results suggested a multifactorial origin of CH in which genetic and environmental factors play a
role in the development of the disease.
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Introduction Health Ministry. Information on CH infants, including

results of screening and confirmation tests, demo-

Screening programmes for congenital hypothyroidism
(CH), which have been extensively implemented in
developed countries, provide the opportunity to investi-
gate the aetiology and the pathogenesis of CH (1, 2). In
Italy, where the CH incidence is 1:3100 live births, neo-
natal screening for CH was established in 1977 and
then progressively developed all over the country. All
the Italian centres in charge of screening, treatment
and follow-up of CH infants participate in the Italian
National Register of Infants with CH (INRICH) which
was established in 1987 as a programme of the
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graphic data, assessment of clinical state in the neo-
natal period, birth and family background, maternal
history during pregnancy, diagnostic investigation,
onset and dose of replacement therapy, is collected by
the INRICH (3). The aim of the register is to provide dis-
ease surveillance, to monitor efficiency and effective-
ness of neonatal screening and to allow identification
of possible aetiological risk factors for CH.

The majority of patients with CH are characterized
by dysgenesis of the thyroid gland represented by com-
plete absence of the thyroid (agenesis), ectopic or
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hypoplastic gland (4, 5). Inherited defects of thyroid
hormone biosynthesis, secretion and utilization rep-
resent a minor fraction of all CH cases (6). The identi-
fication of genes related to gland organogenesis or
thyroid hormone biosynthesis has allowed the formu-
lation of hypotheses on molecular mechanisms causing
CH. Mutations of the human thyrotrophin receptor
gene are considered a possible cause of hypoplasia
and persistent CH (7-9). Mutations of the PAX8 gene
have been found in familial as well as in sporadic
cases of thyroid dysgenesis (10). Again, mutations of
thyroglobulin and thyroid peroxidase genes are
reported to be responsible for defects in the synthesis
or iodination of thyroid hormones (11, 12). More
recently, mutations in the THOX2 gene, encoding part
of the thyroid oxidase system, have been reported to
result in disruption of thyroid-hormone synthesis and
associated with transient and permanent CH (13).
However, as the occurrence of genetic mutations has
been observed only in a small proportion of the
patients, the aetiology of CH due to thyroid dysgenesis
is still largely unknown. Hence, it is clear that the
investigation of modifiable risk factors for CH is import-
ant because of the potential to prevent CH. To date,
many authors have consistently reported that females
have about twice the prevalence of males and that
birth prevalence of CH is lower in black subjects and
higher in Asian and Hispanic subjects (14—17).

CALENDAR YEAR 173 CH at birth

1997 - 2001

16 Agenesis of the gland —

59 Ectopic gland gl

3 Hypoplastic gland >

8 Hyperplastic gland gl

86 PERMANENT CH

2002 - 2003 | 18 Lost | | 69 Re-evaluated |
54 PERMANENT CH
2004 15 TRANSIENT CH 140 PERMANENT CH

Figure 1 Enrolment procedure for cases.
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Also an increased birth weight has been reported to
be associated with CH (17-19) but no other risk fac-
tors, such as maternal or familial risk factors, have
been identified.

The results of a population-based case-control study
are presented in this paper. Familial, maternal and neo-
natal exposure was investigated with the aim of identi-
fying the most important risk factors for permanent
and transient CH.

Subjects and methods

Enrolment

Twenty-six regional or inter-regional CH screening
centres operate in Italy. Eight of these centres were
selected to participate in the study. These were con-
sidered representative of the whole country for their
geographical location and for the high number of
screened infants every year. In fact, these eight centres
are in the north, centre and south of Italy and the total
number of CH infants who were diagnosed in these
centres represented about 30% of the total number of
CH infants recorded in the INRICH during the study
period.

The study enrolment started in 1997 and was car-
ried out for 4 years. Only newly diagnosed cases of
CH screened by the selected centres were included in
the study. The screening test for CH was performed
on dried blood spots and thyroid-stimulating hormone
(TSH) and thyroxine (T4) were measured. The positive
results of the first screening test were then confirmed by
serum TSH, T4 and free T4. Infants with a normaliza-
tion of TSH between screening and recall were not
included in the sample because infants who do not
start substitutive therapy are not recorded in the
INRICH.

Four controls were then enrolled for each new CH
case. These controls were the first four infants born in
the same maternity clinic where a new CH case was
born. They were recruited a few days after the CH diag-
nosis was confirmed. Cases and controls included in the
study were resident in the same region where the
screening centres were located. Parents were inter-
viewed by a trained physician and gave their informed
consent for participation in the study. Their socio-econ-
omic level was assessed by evaluation of education and
occupation level. The mother’s reproductive history as
well as the present pregnancy were investigated. Infor-
mation on threatened abortion, gestational diabetes
and smoking habits were recorded to assess the effect
of these factors during pregnancy. Neonatal features
of cases and controls were collected directly from medi-
cal records. An extensive family history of metabolic
and autoimmune disorders was also recorded. Thyroid
ultrasound and/or scintigraphy were performed in
most of the CH cases.
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Case definition

The enrolment was carried out for 4 years and the study
ended in 2003 when all the cases were at least 3 years
old. Cases were classified as permanent or transient CH
on the basis of diagnosis re-evaluation performed at 2-
3 years of age after withdrawal of replacement therapy
according to international guidelines (20). Children for
whom there was no information about the persistence
of CH were not included in the analysis.

Statistical analysis

Analyses by two-by-two contingency tables were per-
formed to estimate the association between CH (perma-
nent and transient) and possible risk factors.
Continuous variables were categorized according to
biological considerations or to conventional cut-off
points. Matched crude odds ratios (OR) were
estimated by the Mantel-Haenszel method. The
Mantel-Haenszel summary x> test was used to test
the significance of the matched ORs. A conditional
logistic regression was performed to evaluate the
adjusted effect of the considered variables on the risk
of being a CH case.

Results

During the first 4 years of the study 173 cases and 690
controls were enrolled. As shown in Fig. 1, 140 perma-
nent CH cases with 559 matched controls, as well as
15 transient CH infants with 60 matched controls
were considered for statistical analysis.

The distribution of clinical signs at birth and scinti-
graphy and/or ultrasound findings of CH cases enrolled
in this study were consistent with those of the CH Ita-
lian population recorded in the INRICH. In this case-
control study, a thyroid scan with *°Tc was performed
before the onset of therapy in 70.7% of the permanent
cases; among these, ectopic gland was 57.6%, eutopic
gland 17.2% and agenesis 25.2%.

Permanent CH

Table 1 shows the selected demographic and neonatal
characteristics of permanent and transient CH cases
compared with their matched controls. With regard
to permanent CH, the mother’'s age at delivery was
slightly higher in CH cases than in controls (8.6 vs
4.3%; age at delivery =40 years). Both parents of the
cases reported a lower, although not statistically signifi-
cant, level of education than that observed in the con-
trol group (37.8 vs 30.8%). No differences in risk
factors related to pregnancy (parity, previous spon-
taneous abortion, threatened abortion, gestational dia-
betes and smoking) were observed between the two
groups.

Case-control study on congenital hypothyroidism 767

With regard to neonatal risk factors, the frequency
of females was significantly higher in the permanent
CH infants than in the control group (P < 0.01).
Also an advanced gestational age was significantly
associated with permanent CH. In fact, 35.2% of per-
manent CH infants were born after 40 weeks of ges-
tation as compared with 15.9% of the controls
(P < 0.01). Overall, no statistically significant differ-
ence was found in birth weight between cases and
controls, although a higher percentage of cases
than controls was observed in the extreme weight
classes. Moreover, the distribution of sex-adjusted
OR for birth weight showed a high risk of CH
among infants with low (=2000g; OR =4.3, 95%
confidence interval (CI): 0.6-32) or high (=4500g;
OR =9.7, 95% CI: 0.8-111) birth weight. In this
analysis, birth weight ranging between 3001 and
3500 g was considered to be the reference category.
Infants were also classified using the normal curve
(21) as small for gestational age (SGA) when weights
were below the 10th centile, normal for gestational
age (NGA) when weights were between the 10th
and 90th centile and large for gestational age
(LGA) for those above the 90th centile. The percen-
tage distribution reported in Table 1 did not show
significant differences between cases and controls
although the percentage of SGA infants was slightly
higher among cases and LGA infants were more fre-
quent among controls. However, to verify whether
high birth weight for gestational age in the perma-
nent CH cases may be associated with maternal dia-
betes during pregnancy, a restricted analysis on CH
infants with a birth weight above the 90th centile
was performed. The estimated OR of permanent CH
was 15.7 (95% CI: 0.9-523) in the cases whose
mothers had diabetes during pregnancy.

With regard to the other neonatal features, a
higher frequency of twinning was observed among
cases compared with controls (5.1 vs 0.7%,
P < 0.01). Neonatal and clinical features of
CH twins enrolled into the study are presented in
Table 2. None of the seven permanent CH twins
belonged to the same pair and two of them were
monozygotic (MZ). Ultrasound and/or ultrascan diag-
nosis was performed on six permanent CH twins.
Among these, three eutopic glands, two ectopies
and one agenesis were found.

On the basis of the results obtained in an our pre-
vious study (22), an expected high frequency of
additional birth defects was found in permanent CH
cases while the control infants showed a frequency
similar to that expected in the general population
(14.3 vs 2.1%, P < 0.01). Among the observed malfor-
mations the most frequent were cardiac in both cases
and controls (60 and 40% respectively). As already
described (22), a higher frequency of infants with
atrial septal defects was found in cases than in controls
(42.1 vs 16.7%).
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Table 1 Demographic and neonatal characteristics of permanent and transient CH cases and matched controls.

Permanent CH

Transient CH

Cases Controls Cases Controls
(n=140) (n=559) (n=15) (n=160)
Characteristic n % n % P n % n % P
Socio-demographic factors
Mother’s age
= 25 years 18 12.9 64 11.4 5 33.3 9 15.0
25-39 years 109 78.4 471 84.3 9 60.0 48 80.0
= 40 years 12 8.6 24 4.3 0.09* 1 6.7 3 5.0 0.24*
Parent’s education =8 years 51 37.8 171 30.8 0.12 9 60.0 24 40.7 0.18
Consanguinity 2 1.5 8 15 0.99 0 — 2 3.4 —
Pregnancy
First pregnancy 75 57.2 321 58.6 0.78 7 46.7 33 55.9 0.52
Previous spontaneous abortion 29 22.1 109 20.1 0.61 2 13.3 11 19.3 0.59
Threatened abortion 16 11.5 83 14.9 0.31 2 13.3 14 23.3 0.40
Gestational diabetes 4 2.9 16 2.9 0.99 1 6.7 0 — —
Smoking 15 11.0 79 14.2 0.34 1 6.7 12 20.0 0.22
Neonatal characteristics
Femal gender 88 62.9 271 48.5 <0.01 5 33.3 27 45.0 0.41
Gestational age
< 37 weeks 9 7.0 24 4.6 4 26.7 3 5.0
37-40 weeks 74 57.8 411 79.5 8 53.3 47 78.3
= 41 weeks 45 35.2 82 15.9 <0.01* 3 20.0 10 16.7 0.02*
Birth weight
< 25009 9 6.6 30 5.4 4 26.7 5 8.3
2500-35009 84 61.3 346 61.9 6 40.0 32 53.3
3500—-45009g 42 30.7 182 32.6 5 33.3 22 36.7
> 45009 2 1.5 1 0.2 0.20* 0 — 1 1.7 0.25*
Small for gestational age 17 13.5 55 10.6 0.36 5 33.3 7 11.7 0.04
Large for gestational age 8 6.3 48 9.3 0.29 1 6.7 3 5.0 0.80
Twin 7 5.1 4 0.7 <0.01 4 26.7 0 — —
Additional brith defects 20 14.3 12 2.1 <0.01 0 — 0 — —

*Overall x? test.

None of the other neonatal or pregnancy-related risk
factors considered in the analysis was associated with
permanent CH.

Familial risk factors were also investigated. With
regard to the family history of thyroid diseases (Table 3),

no differences were observed in the frequency of
hyperthyroidism in parents between cases and controls
(0.8 vs 1.7%, P = 0.47). However, permanent CH cases
were more likely to have parents with hypothyroidism
and/or goitre (including hypothyroidism due to an

Table 2 Neonatal and clinical features of CH twins enrolled in the study.

Birth Gestational
Mother’s age weight age Birth Thyreopathy Ultrascan and/or
(years) Gender (9) (weeks) Zygoistyt defects in parents ultrasound diagnosis
Permanent CH twins
1 28 Male 3150 42 Mz No No Ectopy
2 35 Female 2850 38 Dz No No Eutopic gland
3 43 Female 2540 38 Mz No No Agenesis
4 33 Female 2370 38 DZ No No Ectopy
5 25 Female 880 31 Dz No No Eutopic gland
6 34 Female 2750 37 Dz No No —
7 17 Female 2990 38 DZ No No Eutopic gland
Transient CH twins
1 36 Female 2810 38 Mz No No Eutopic gland
2" 23 Female 2000 35 Dz No No —
3" 23 Female 1680 35 Dz No No —
4* 23 Male 2410 35 Dz No No —

*Concordant triplets.
1 MZ, monozygotic and DZ, dizygotic twins.
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Table 3 Family history of diseases in permanent and transient CH.
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Permanent CH

Transient CH

Cases Controls Cases Controls
(n=140) (n=559) (n=15) (n=60)
Family history n % n % P n % n % P
Hyperthyroidism
Parents 1 0.8 9 1.7 0.47 0 — 0 — —
Mother 1 0.8 9 1.6 0.48 — — — — —
Father 0 — 1 0.2 0.63 — — — — —
Hypothyroidism and/or goitre
Parents 9 71 17 3.2 0.04 3 20.0 1 1.7 <0.01
Mother 6 4.7 15 2.7 0.25 3 20.0 1 1.7 <0.01
Father 3 2.4 2 0.4 0.02 0 — 0 — —
Autoimmune diseases
Parents 2 1.6 11 2.1 0.74 2 13.3 0 — —
Mother 1 0.8 8 15 0.56 2 13.3 0 — —
Father 1 0.8 3 0.6 0.76 0 — 0 — —

autoimmune aetiology) than controls (7.1 vs 3.2%,
P =0.04). Specifically, a significant difference was
observed when the father reported a positive history of
thyroid disease (2.4% in the cases vs 0.4% in the controls,
P = 0.02). The overall prevalence of a family history of
autoimmune diseases other than thyroid autoimmune
diseases (i.e. rheumatoid arthritis, psoriasis, inflamma-
tory bowel disease, diabetes type 1 and vitiligo) did not
show any significant difference between permanent CH
cases and controls (1.6 vs 2.1%, P = 0.74).

Table 4 reports the OR for permanent CH estimated
by the conditional logistic regression. In the multivari-
ate analysis, four neonatal features were significantly
associated with the birth of a permanent CH infant:
female gender (OR = 2.0, 95% CI: 1.2-3.3), twinning
(OR=12.2, 95% CI: 2.4-62.3), additional birth
defects (OR = 7.5, 95% CI: 2.9-19.0) and gestational
age >40 weeks (OR =3.0, 95% CI. 1.8-5.1).
Although not significant, an increased risk of CH was
still observed among infants with a family history of

Table 4 ORs for permanent CH estimated by conditional logistic
regression.

Permanent CH
(140 cases—559 controls)

Risk factors OR 95% Cls
Female gender 2.0 1.2-3.3
Mother’s age

= 25 years 1.7 0.96-3.4

= 40 years 1.6 0.6-4.6
Gestationalal age

< 37 weeks 1.4 0.5-3.9

> 40 weeks 3.0 1.8-5.1
Twin pregnancy 12.2 2.4-62.3
Additional birth defects 7.5 2.9-19.0
Hypothyroidism and/or goitre 1.9 0.7-5.2

in parents

hypothyroidism and/or goitre among the parents
(OR =1.9, 95% CI: 0.7-5.2).

Transient CH

No significant differences were found in the mother’s
age and the parents’ educational level between transi-
ent CH cases and controls (Table 1). However, with
regard to the risk factors related to pregnancy, gesta-
tional diabetes was present in the mother of a transient
CH infant and in none of the controls’ mothers.

With regard to neonatal features, no significant differ-
ence in gender was found between cases and controls
while low gestational age (OR = 2.9, 95% CI 0.7—
12.0) and intrauterine growth retardation (SGA infants)
(OR=5.4, 95% CI 1.0-29.4) were independently
associated with transient CH in the multivariate analy-
sis. Four out of fifteen transient CH newborns were
twins: one triplet (female, female, male) concordant
and one MZ pair discordant for CH were detected while
none of the controls were twins. None of the CH twins
reported additional congenital malformations (Table 2).

In relation to family history (Table 3), three mothers
of transient CH children reported a personal positive
history of hypothyroidism and/or goitre as compared
with only one mother in the controls (P < 0.01).

Discussion

Important results have been obtained in the early diag-
nosis, treatment and follow-up of CH infants and pro-
gress has been made in the search for genes involved
in the dysgenesis and dyshormonogenesis of the thyroid
gland. However, the aetiology of CH has not been com-
pletely elucidated. As far as we know, this is the first
aetiological study performed with a population-based
case-control approach aiming at identifying the most
relevant risk factors for permanent and transient CH.
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Our study confirmed the already known higher preva-
lence of CH among females than males (14—17). In fact,
in this case-control study a twofold higher risk of perma-
nent CH was estimated in females than in males. How-
ever, it is still unclear why females are more susceptible
to developing CH. It has been reported that the ratio of
females to males among hereditary cases of CH was
approximately 1.0 (23). This finding is also confirmed
by the INRICH database in which the ratio is about 1.0
for the CH cases with a eutopic gland and about two
among cases with ectopy and agenesis (24). It follows
that the preponderance of female cases is mostly associ-
ated with dysgenesis of the thyroid gland. For the female
to male ratio in the group of infants with transient CH it
was approximately 1, the same as that expected in the
general population.

Some authors have suggested that infants with CH
have a tendency to a prolonged gestation, although
only a few have presented data on gestational age
(19, 25). In our case-control study a significant associ-
ation was observed between advanced gestational age
(=41 weeks) and permanent CH. Moreover, our results
showed that the high birth weight frequently observed
in permanent CH infants was associated with maternal
diabetes rather than a prolonged gestation. On the
other hand, in infants with transient CH, low gesta-
tional age and growth retardation were found indepen-
dently associated with this form of CH. These findings
are consistent with the fact that transient hypothyroid-
ism is frequent in pre-term infants and possibly results
from a transient immaturity of the thyroid gland with
respect to thyroid hormone biosynthesis and adap-
tation to variations in the external iodide supply (26).

The restricted analysis conducted on permanent CH
infants classified as LGA allowed us to estimate a high
risk of CH (OR = 15.7) when any form of diabetes is
present during pregnancy, while gestational diabetes
was found associated with transient hypothyroidism.
The causal relationship between diabetes in pregnancy
and CH is not clear. However, it is well known that
maternal diabetes affects embryonic development, lead-
ing to increased morbidity in the offspring (27) and a
more frequent neonatal hyperthyrotropinaemia has
been reported in pregnancies with gestational diabetes
than in non-diabetic pregnancies with normal glucose
tolerance (28). Our results are also consistent with
those obtained by other authors in an experimental
model (29). They reported that maternal diabetes in
pregnancy negatively affects foetal thyroid hormone
status in pregnant rats with streptozotocin-induced dia-
betes mellitus. The same authors suggested that if ade-
quate control of the maternal diabetic condition is
achieved, the alterations in foetal thyroid hormone
economy would be avoided. Moreover, in a previous
study (30), we reported an increased risk of subclinical
hypothyroidism during pregnancy in a group of women
with gestational diabetes. Taken together, all these find-
ings highlight the importance of an adequate metabolic
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control during pregnancy in order to reduce maternal
and foetal morbidity, including transient and perma-
nent forms of neonatal hypothyroidism.

With regard to the other neonatal risk factors, our
results showed that twins, although almost always dis-
cordant for CH, have a high risk for either permanent
or transient CH. In particular, the risk of permanent
CH among twins (OR = 12.2) was estimated taking
into account the effect of potential confounding vari-
ables, such as birth weight, gestational age, birth
defects and maternal age. The high adjusted risk for
twinning indicates a strong association with CH. This
finding is also consistent with data collected in the
INRICH data set showing a proportion of multiple deliv-
eries threefold higher (3.5%) in the CH pregnancies
than in the Italian general population (1%) (31). As
far as we know no other studies have reported such a
strong association between CH and twinning. More-
over, given the high discordance rate for CH our data
suggest the importance of environmental risk factors
in the aetiology of CH and a possible role of competitive
conditions regarding metabolic factors in utero. How-
ever, further investigations are needed to understand
the causal association between twinning and CH.

As expected (22, 32, 33), a high frequency of malfor-
mations has been observed among cases with perma-
nent CH (14.3%) while a frequency similar to that
expected in the general population was found in the
control group (2.1%). Although the association of con-
genital birth defects and CH has already been well
documented, the inclusion of that variable in the multi-
variate model allowed an adjusted estimate of the rela-
tive risk for other factors, such as twin pregnancy (34,
35), related to both CH and malformations. At least
some types of congenital malformations are potentially
detectable during foetal life (36). This is of concern in
view of also preventing CH and malformations. In
fact, the high frequency of extrathyroidal congenital
malformations observed in the group of permanent
CH cases represents a strong argument supporting
the role of a common genetic component in the aetiol-
ogy of permanent CH and at least some types of conge-
nital defects. With this in view, investigations of the
molecular mechanisms underlying the developmental
events of the formation of the thyroid and other
organs represent critical steps in the knowledge of CH
and malformation aetiology and can be considered
the starting point to achieve prevention of these pathol-
ogies even during foetal life.

Another important result was the high frequency of
family history of goitre and/or hypothyroidism
(included autoimmune pathogenesis) observed among
both permanent and transient CH infants. Since the
questionnaire used to collect information on CH infants
did not distinguish between goitre and autoimmune
hypothyroidism, it was not possible to consider these
two maternal risk factors separately. However, it is
reported that maternal thyroid autoimmunity is not a
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frequent cause of permanent CH (37) but rather of
transient CH (38, 39), likely as a consequence of a
transplacental transfer of TSH receptor-blocking anti-
bodies (40). Concerning the presence of goitre in the
mothers, it is important to remember that, in this
study, cases and controls were matched for geographic
areas and the same exposure to environmental iodine
deficiency could be assumed. However, no information
about rural or urban and mountainous or coastal resi-
dence of the families and about the use of iodized salt
was collected. Therefore, a different exposure to
iodine deficiency in case and control families cannot
be excluded. It has been reported that the worldwide
incidence of CH shows local differences ranging
between 1:2500 and <1:5000 (41-44). Although
methodologically influenced biases can still be present
in a few cases (only T4 as a screening approach or a
high cut-off of the TSH test), according to worldwide
data on iodine supply provided by the World Health
Organization and the activities of the International
Council for the Control of Iodine Deficiency Disorders
working group, regional differences in CH incidence
are suggested to be more likely to be due to iodine
deficiency thyroid disorders than to ethnic affiliation
(42). In fact, the CH incidence is lower in countries
where the iodine supply is sufficient (e.g. USA
1:4000, Japan 1:5000, Taiwan 1:5700) than in those
where iodine supply is deficient (Italy, Turkey 1:2400)
(42—44). Unfortunately, iodine deficiency is still preva-
lent in a large part of the world, including our country
which is characterized by a moderate—mild iodine
deficiency and a high prevalence of goitre has been
reported in the Italian population (45, 46). Iodine
deficiency is the main cause of potentially preventable
mental retardation in childhood, as well as causing
goitre and hypothyroidism in people of all ages, includ-
ing neonates (47, 48). Specifically, the most important
and frequent alterations of thyroid function due to
iodine deficiency in Europe occur in neonates and
young infants and the frequency of transient neonatal
hypothyroidism is almost eight times higher in Europe
than in North America where iodine sufficiency is pre-
sent (49). The reason for the particular sensitivity of
newborns, especially of preterm infants, to the effects
of iodine deficiency is explained by the fact that the
turnover rate of intrathyroidal iodine is markedly accel-
erated in iodine-deficient neonates. Thyroid failure is
therefore more likely to occur (50).

With regard to autoimmune diseases in parents,
these do not represent a risk factor for permanent
CH. However, if present in the mothers, autoimmune
diseases are associated with the transient form of CH.
This finding supports the idea that maternal auto-
immune response towards autoantigens may transi-
ently affect foetal and neonatal thyroid function.
This hypothesis is consistent with previous studies
in which a specific anti-thyroid antibody-dependent
cell-mediated cytotoxic activity was found in CH infants
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born to mothers with subclinical thyroid autoimmune
disorders, suggesting that in these cases CH may be
immunologically mediated (51, 52).

In conclusion, this population-based case-control
study has shown that many risk factors contribute to
the aetiology of CH. In particular, our results suggest a
multifactorial origin of CH in which genetic (high fre-
quency of additional malformations) and environmental
factors (especially iodine deficiency and maternal dia-
betes) play a role in the development of the disease.
Although the prevention of the neuropsychological con-
sequences of CH through the use of replacement therapy
represents an important public health success, knowledge
about the modifiable risk factors could reduce the
number of infants affected by this disease.
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