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Context: Congenital hypothyroidism (CH) may be of thyroidal (CHT) or central origin (CHC). World-
wide, most neonatal screening programs are TSH-based and effectively detect CHT. Only a few
screening programs measure total or free T4 and TSH simultaneously or stepwise, enabling detec-
tion of CHT as well as CHC. A frequently used argument against screening for CHC is its presumed
mild hypothyroid character. In the recently published European Society for Paediatric Endocrinol-
ogy (ESPE) CH consensus guidelines on screening, diagnosis, and management, severity of CH is
classified based on initial free T4 (FT4) concentrations.

Objective: Our objective was to assess disease severity of CHC compared with CHT in a Dutch cohort
of CH patients.

Methods: Pretreatment FT4 concentrations were analyzed in all children with CH detected by the
Dutch neonatal T4�TSH�T4-binding-globulin (TBG) screening between 1995 and 2011. Disease
severity was classified using the FT4-based ESPE classification.

Results: Between 1995 and 2011, 1288 children were diagnosed with CH. Data of 1200 (143 CHC
and 1057 CHT) were available for analysis. Based on FT4 concentrations, 4 children with CHC (2.8%)
had severe, 75 (52.4%) moderate, and 64 (44.8%) mild CH. In the CHT group, 280 children (26.5%)
had severe, 341 (32.3%) moderate, and 436 (41.2%) mild CH.

Conclusion: Our results indicate that, based on initial FT4 values, severe CH was much more prev-
alent in CHT compared with CHC. However, CHC itself should not be considered as only mild
because more than half of CHC patients have moderate CH with initial FT4 below 10 pmol/L (0.78
ng/dl). (J Clin Endocrinol Metab 100: E297–E300, 2015)

Congenital hypothyroidism (CH) is among the most
common preventable causes of mental retardation

with a reported incidence of 1 in 2500 to 3500 live births
(1, 2). Neonatal screening programs allow for early de-
tection and treatment of CH and have proven to be suc-
cessful in preventing brain damage (1, 2).

In the January 2014 issue of this journal, the newest
European Society for Pediatric Endocrinology (ESPE)
consensus guidelines on screening, diagnosis and man-
agement of CH were published (3). Although CH may

be of thyroidal (CHT) or central origin (CHC, also
known as hypothalamic-pituitary CH), these ESPE
guidelines focus on management of CHT. This is not
surprising because CHT is much more common than
CHC (reported prevalence of CHC in The Netherlands
is 1 in 16 000) (4, 5).

Worldwide, most neonatal screening programs are
TSH-based and effectively detect only CHT. Only a few
screening programs in some countries employ a method in
which total T4 or free T4 (FT4) and TSH are measured
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simultaneously or stepwise (T4�TSH method) enabling
detection of CHT as well as CHC (2, 4–8).

Whether neonatal screening programs should also fo-
cus on detecting CHC besides CHT remains a subject of
debate (6). Regarding this issue, the recent ESPE consensus
guidelines state that there is some published evidence to
suggest neonatal screening for CHC may fulfill criteria for
disease screening, namely: 1) CHC is a relatively frequent
disease with an incidence similar to that of phenylketo-
nuria in some populations, 2) screening tests are available
and inexpensive, 3) treatment is available and effective,
and 4) the risks of an unfavorable outcome in cases of
delayed diagnosis are well known. However it is also ac-
knowledged that outcome studies showing that “screen-
ing is superior to detection through clinical presentation”
are lacking (3).

A frequently used argument against screening for CHC
is its presumed only mild hypothyroid character that is
thought not likely to be associated with an increased risk
of hypothyroidism-induced brain damage (1).

In the ESPE consensus guidelines, the following classi-
fication of severity of CH is proposed based on initial FT4

values: severe CH, FT4 �5 pmol/L (�0.39 ng/dl); mod-
erate CH, FT4 5 to �10 pmol/L (0.39–�0.78 ng/dl); and
mild CH, FT4 �10 (�0.78 ng/dL) (3). Using this classifi-
cation we assessed disease severity of CHC compared with
CHT in a cohort of Dutch CH patients detected by neo-
natal screening.

Materials and Methods

In 1995, the existing Dutch T4�TSH method (primary total T4

determination with TSH determination in the lowest 20% of T4

concentrations) was extended with measurement of T4-binding
globulin (TBG) in the lowest 5% of T4 concentrations (4). This
enabled calculation of the T4 to TBG ratio and, thus, estimation
of FT4 concentration. This 3-step screening approach proved to
be effective in detecting CHC (4, 5). Children with an abnormal
screening result are referred to a pediatric endocrinologist or
pediatrician for further evaluation, including FT4 measurement
in a venous blood sample. Because many prematurely born chil-
dren (gestational age �36 weeks in combination with a birth
weight �2500 g) suffer from hypothyroxinemia of prematurity,
T4 measurement in this group of children is always combined
with TSH measurement, and referral is based solely on the TSH
concentration. In this way, the number of false-positive results
and the false classification of normal premature infants as CHC
is prevented.

Since the start of the Dutch neonatal screening program in
1981, Netherlands Organisation for Applied Scientific Research
(TNO) Leiden registers all children with abnormal CH screening
results and sends out questionnaires to pediatricians to collect
data on laboratory results and diagnosis. A first questionnaire is
sent out in the first months after a child is referred and includes
questions on whether the diagnosis is CHT or CHC and whether

the diagnosis is thought to be transient or permanent. A second
questionnaire is sent out at the age of 4 years to reassess the
diagnosis. Using the TNO database, we analyzed initial FT4 val-
ues of all children diagnosed with permanent CH between 1995
and 2011. Diagnosis was based on questionnaire 2 when available;
otherwise, the diagnosis was based on questionnaire 1. Patients
registered as transient CH were excluded from the analysis. The use
of the TNO database was in accordance with the Privacy Regula-
tions of the Privacy Committee of the Dutch CH Screening Board.
Because children are referred to various hospitals throughout The
Netherlands, FT4 levels are measured in various laboratories. Be-
tween 1995 and 2011, FT4 was measured by standard immunoas-
say inall cases.Althoughsuppliedbydifferentmanufacturers, in the
vast majority of these assays, the adult reference range was 10 to 22
pmol/L (0.78–1.71 ng/dL). Based on this reference range and in line
with the ESPE guidelines, we classified CH as severe (FT4 �5
pmol/L [�0.39 ng/dL]), moderate (FT4 5–�10 pmol/L [0.39–
�0.78 ng/dL]), or mild (FT4 �10 [�0.78 ng/dL]) (3).

Results

Between 1995 and 2011, 1288 children were diagnosed
with CH. Eighty-eight children were excluded because of
unknown CH etiology (n � 19) or missing FT4 concen-
trations (n � 69). In these cases, TNO failed to receive
these data from the treating pediatricians. Of the remain-
ing 1200 children, 143 had CHC and 1057 had CHT.

The CHC group included 12 children (8.8%) born pre-
maturely (�37 weeks, but �2500 g). The CHT group
included 106 (10.4%) prematurely born children. TSH
concentrations at neonatal screening were �18 mIU/L (se-
rum) in the CHC group, except for 1 patient with a value
of 25 mIU/L. In the CHT group screening TSH was �18
mIU/L in 21% and �18 mIU/ in 79% of cases.

FT4 was measured at an average age of 14 days (inter-
quartile range, 8 days) for CHC and 9 days (interquartile
range, 5 days) for CHT. Based on FT4 concentrations, 4
children (2.8%) in the CHC group were classified as severe
CH, 75 (52.4%) as moderate CH, and 64 (44.8%) as mild
CH. In the CHT group, 280 children (26.5%) classified as
severe CH, 341 (32.3%) as moderate CH, and 436
(41.2%) as mild CH (Table).

For 692 children (89 CHC and 603 CHT), results from

Table 1. First Pretreatment Plasma FT4 Concentrations
at Diagnostic Work-Up of Children With CHC and CHT
Detected by the Dutch Neonatal Screening Program
Between 1995 and 2011

Initial FT4, pmol/La
CHC
(143 Patients)

CHT
(1057 Patients)

�5 4 (2.8%) 280 (26.5%)
5–�10 75 (52.4%) 341 (32.3%)
�10 64 (44.8%) 436 (41.2%)

aTo convert pmol/l to ng/dL divide by 12.87.
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questionnaire number 2 were available. Analysis of the
FT4 concentrations in this subgroup of children with con-
firmed permanent CH at age 4 years was similar to the
analysis in the total group (CHC: severe, 3.4%; moderate,
56.2%; mild, 40.4%; CHT: severe, 30.5%; moderate,
36.8%; mild, 32.7%).

Discussion

Our main finding is that, based on initial FT4 values, most
patients with CHC (55.2%) and CHT (58.8%) were clas-
sified as severe or moderate CH. The prevalence of mild
CH was similar for both groups (44.8% for CHC, 41.2%
for CHT).

CHC is generally considered to be milder than CHT. To
our knowledge, this is the first report on initial FT4 values
in a large cohort of CHC patients. Indeed, severe CH was
much more prevalent in CHT (26.5%) compared with
CHC (2.8%), supporting the presumption that CHC is
milder than CHT. However, CHC itself should not be
considered as only mild because more than half of CHC
patients have moderate CH with initial FT4 values below
10 pmol/L.

The clinical relevance of moderate CH is not ques-
tioned, and the ESPE consensus guidelines for CH advise
that treatment with T4 should be started immediately
when FT4 values are below norms for age to prevent brain
damage due to thyroid hormone deficiency (3).

Unfortunately, studies of neurocognitive development
in patients with early treated CHC are lacking.

van Tijn et al (5) reported on a 2-year cohort of children
with CHC detected by the Dutch neonatal screening pro-
gram. Of 144 children with CH diagnosed by the neonatal
screening program, 13.3% had CHC. This is similar to the
12% CHC in this 12-year cohort. van Tijn et al (5) re-
ported that 78% of CHC patients had additional pituitary
hormone deficiencies. In a recent report on 34 children
with late diagnosed CHC, developmental delay was seen
in 19 (56%) of these 34 children (9). Almost all children
(98%) had multiple pituitary hormone deficiencies, such
as ACTH and GH deficiency. Given the fact that ACTH
and GH deficiency can cause hypoglycemic brain damage,
it is difficult to delineate the exact cause and the precise
role of thyroid hormone deficiency in this developmental
delay. However, given our finding that most neonates with
CHC present with moderate hypothyroidism (FT4 �10
pmol/L) it is not unlikely that part of the delay might have
been prevented by early detection and treatment with T4.
Early detection of CHC also allows for earlier diagnosis
and treatment of ACTH and GH deficiency and, with that,
reduction of the number of hypoglycemic episodes. This

might further improve neurocognitive outcome and even
reduce mortality.

A limitation of our study is that our results are based on
FT4 values measured in many different laboratories and
collected by surveys sent out to pediatricians only. The fact
that FT4 was not always measured by the same immuno-
assay at exactly the same age may make our results a little
less precise. Second, it should be taken into account that
FT4 values are highest in the first 1 to 2 weeks after birth
and decrease thereafter (10). Because FT4 was measured at
a somewhat earlier age in CHT cases (9 days of age) as
compared with CHC cases (14 days of age), this may have
affected the classification of severity resulting in a possible
underestimation of the severity of CHC compared with
CHT. A third limitation is that further data on the exact
cause of CHC and on the presence or absence of additional
pituitary hormone deficiencies are missing. The same ap-
plies to data on the presence or absence of clinical signs or
symptoms of hypopituitarism, making it impossible to es-
timate whether patients would have been diagnosed be-
cause of such features.

The Dutch T4�TSH�TBG method enables calculation
of the T4 to TBG ratio and reduces the number of false-
positives due to harmless TBG deficiency. This approach
has proven to be very effective in detecting CHC with a rise
in the detection rate of permanent CHC in The Nether-
lands from 1 in 25 000 to 1 in 16 000 (4, 5).

Internationally, it is recognized that the stepwise Dutch
T4�TSH�TBG method enables early detection and treat-
ment and reduces neonatal mortality and morbidity asso-
ciated with pituitary hormone deficiencies and central
nervous system developmental damage associated with un-
treated CH (11). In the most recent literature update by the
U.S. Preventive Services Task Force on screening for CH it
was stated that “the U.S. may want to consider expanding
screening strategies that incorporate central CH screening,”
referring to our Dutch screening program (12).

In the past 2 decades, lowering of TSH cutoff levels in
TSH-based screening programs has led to the detection of
very mild cases of CHT with normal FT4 levels and only
mild TSH elevation (so-called hyperthyrotropinemia),
leading to questions about the significance of these find-
ings and the unnecessary burden it puts on parents who are
faced with such a finding in their child (3, 13). Another
advantage of the Dutch stepwise approach in which an
initial T4 measurement is followed by a TSH measurement
only in the lowest 20% of T4 values is that it will reduce
the number of such very mild cases.

We do acknowledge that, depending on local logistic
circumstances, adapting an existing screening program
will have financial consequences. The introduction of the
T4 to TBG ratio into a program using a primary T4 with
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supplemental TSH approach generated an extra cost of
$11 206 per additional case detected and the costs of the
T4�TSH�TBG method were considered to be accept-
able (4).

We conclude that these results indicate that, although
severe CH is more prevalent in CHT compared with CHC,
CHC itself should not be considered as only mild because
more than half of CHC patients have moderate CH with
initial FT4 below 10 pmol/L. This is a strong argument for
adapting existing neonatal CH screening programs in a
way that detection of both CHT and CHC is possible.
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