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Screening for congenital
hypothyroidism in the Islamic
Republic of Iran: strategies, obstacles
and future perspectives
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ABSTRACT The operational feasibility of a congenital hypothyroidism (CH) screening programme was
assessed. Cord blood spot specimens were collected at seven Teheran hospitals and within the Damavand
District health network. Cord thyroid-stimulating hormone (TSH) levels = 20 mt/L were recalled and levothy-
roxine (L-T,) therapy was started immediately after diagnosis of CH. Of 20 107 acceptable specimens, 22
necnates had CH (1:914 births). The recall rate was 1.3%. Screening coverage was 90% of live births. Of all
cord samples, only 0.2% were unacceptable either bacause of delay in transportation or improper specimen
collection. Median ages at the time of diagnosis and starting treatment were 12 and 8 days respectively.
Screening for CH is feasible and a national screening programme is a necessity.

Dépistage de 'hyperthyroidie congénitale en République islamique d’lran : stratégies, obstacles et
perspectives futures

RESUME La faisabilité opérationnelle d'un programme de dépistage de I'hyperthyroidie congénitale a été
évaluée. Des échantillons de sang du cordon ombilical ont 616 recueillis dans sept hdpitaux de Téhéran et
dans le réseau de santé du District de Damavand. Les nouveau-nés ayant un taux d’hormone de libération
de la thyréostimuline (TSH} dans le cordon supérieur ou égal & 20 mU/L ont été rappeles etun traitement par
lévothyroxine (L-T,} a été mis en route immédiatement aprds le diagnostic d'hyperthyroidie congénitale. Sur
ies 20 107 échantillons acceptables, 22 nouveau-nés avaient une hyperthyroidie congénitale (1 pour
914 naissances). Le taux de rappel était de 1,3 %. La couverture du dépistage s'élevait & 90 % des nais-
sances vivantes. Sur tous les échantillons de cordon, 0,2 % seulement étaient inacceptables du fait soit du
retard dans le transport soit du mauvais recueil des échantillons. Les ages médians au moment du diagnos-
tic et de la mise en route du traitement étaient de 12 et 8 jours respectivement. Le dépisiage de
I'hyperthyroidie congénitale est possible, et un programme national de dépistage est nécessaire.
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Introduction

Congenital hypothyroidism (CH) occurs in
1:3000—4000 births /] and represents one
of the most common preventable causes of
mental retardation [2]. Delayed diagnosis
and treatment may resuit in poor neurcin-
tellectual cutcome [3]. Screening for CH
was first introduced in Canada in 1974
[4,3]. It has since become routine in all in-
dustrialized and some developing countries
[6]. Primary tests measuring thyroid-stim-
ulating hormone (TSH) or serum thyroxing
(T,) on dried blood spots have been exten-
sively employed for detection of neonatal
hypothyroidism. Primary TSH screening is
presently performed in all European coun-
tries (except the Netherlands) and in Japan,
Australia and parts of the United States of
America and Canada. In the two latter, pri-
mary T, tests are used more frequently
[71.

In 1987, the Islamic Republic of Iran
was an iodine deficient area and Azizi et al.
introduced the first CH screening in Tehe-
ran using cord blood TSH measurement.
Iodine deficiency induces hyperthyrotropi-
naemia and subsequently has a high recall
rate of neonates. Because the recall rate of
the first screening programme was unusu-
ally high (i.e. 5%), the programme was
temporarily discontinued [8]. In 1990,
Karamizadeh and Amirhakimi conducted a
study of 4300 cord blood samples in Fars
Province using primary T, supplemented
by TSH back-up tests on specimens lower
than the cut-off level. The incidence rate of
CH was one in 1433 births [9].

National iodine supplementation with ic-
dized salt was implemented in 1989 and by
1994 more than 95% of households were
consuming iodized salt. Median iodine ex-
cretion for school-age children was 20.5
ug/dL in 1996 [/0]. Hence, the screening
programme recommenced in 1998,

In this country, most deliveries oceur in
hospitals or birth centres, which belong to
primary health care (PHC) or non-PHC
systems.

We determined CH incidence rate and
assessed the operational feasibility of the
programme in the Damavand District
health network (PHC) and in Teheran hos-
pitals (non-PHC), both of which offer
models for a national screening pro-
gramme. Proper sampling, timely transpor-
tation of samples, maximum necnate
coverage, follow-up and treatment of CH
neonates were also analysed.

Methods

For 40 months between 20 February 1998
and 21 June 2001, cord blood samples
were collected in seven hospitals in Tehe-
ran. For an additional 12 months therein
(since July 2000), a general hospital and a
rural birth centre in the health network of
Damavand District were also used for sam-
ple collection. The Damavand hospital and
birth centre and the Teheran hospitals of-
fered models for PHC and non-PHC sys-
tems respectively. Damavand hospital and
birth centre were 76 and 96 km respective-
ly from the Endocrine Research Centre
(ERC). The distances of the Teheran hospi-
tals from the ERC were between 0 km and
25 km.

Cord blood samples were collected on
filter papers (Whatman BFC 180, United
Kingdom) immediately after birth, i.¢. only
after live births. Specimens were collected
and shipped by trained personnel to the
ERC central laboratory in Teheran accord-
ing to the National Committee for Clinical
Laboratory Standards and the American
Academy of Pediatrics recommended
guidelines for CH Screening Programmes
[11,12]. The samples from the Teheran
hospitals were transporied to the ERC 3 to
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4 times per week, whereas the samples
from Damavand hospital and birth centre
were transferred twice weekly. Samples
with delayed transportation (i.e. samples at
room temperature > 7 days between speci-
men collection and TSH measurement) and
with improper collection and/or transporta-
tion were considered ‘unacceptable speci-
mens’ for testing. In the Damavand health
network, the number of days that elapsed
between specimen collection to receipt at
the ERC laboratory was assessed. In Tehe-
ran, however, the interval was only as-
sessed as < 7 or > 7 days from specimen
collection to receipt by the ERC, i.e. ac-
ceptable or unacceptable samples respec-
tively. TSH concentrations of dried blood
spots were measured using a two-site im-
munoradiometric assay method
(NETRIA kits provided by Iran Atomic En-
ergy Organization under supervision of In-
ternational Atomic Energy Agency, RAW/6/
003 Project).

TSH values 2 20 mU/L. were considered
abnormal and those neonates were recalled.
In the non-PHC system, parents were in-
formed either by telephone, if possible, or
by home visits. In the PHC system, howev-
er, local health workers notified parents of
recalls during at-home visits. Recalled neo-
nates born in and discharged from Teheran
hospitals were brought directly to the ERC
for confirmatory tests. Considering the dif-
ficulties of bringing the neonates to the
ERC from the distant rural and urban areas
in Damavand District, sera of recalled neo-
nates were collected at the Damavand gen-
eral hospital and sent to the ERC central
laboratory within 48 hours. Storage and
transportation of sera were carried out un-
der standard conditions [13]. If cord blood
TSH values were = 100 mU/L, either in the
PHC or the non-PHC systems, the parents
were asked to bring their babies directly to
the ERC without delay. ‘The recall goal was

to bring neonates to the ERC for confirma-
tory tests within 7-14 days of life. The di-
agnosis for those not brought to the ERC
was considered ‘undetermined’, Confirma-
tory tests comprised venous TSH and T,
Normal venous TSH and T, values were
considered as ‘transient hyperthyrotropi-
naemia’. Abnormal values were determined
using reference values adjusted for age
[14]. During the first 7-14 days of life, or
thereafter, venous TSH > 10 mU/L and T, <
6.5 pug/dL or venous TSH = 30 mU/L re-
gardless of venous T, values were consid-
ered to be CH. Hypothyroid neonates
underwent clinical examination by a trained
endocrinologist. Sera of CH neonates were
collected for thyroglobulin (Tg) measure-
ment. Neonatal and maternal urinary iodine
were also measured. Whenever possible,
knee X-ray was taken for determination of
bone age, followed by thyroid scintigraphy
using *" Tc pertechnetate. Replacement

~ levothyroxine (L-T,) therapy (10-15 ug/kg

per day)} was started immediately after di-
agnosis of CH and for those with cord
TSH 2 100 mU/L. Figure 1 gives the flow-
chart of the ERC screening programme for
CH.

Indicators of operational quality includ-
ed total birth coverage (total number of ac-
ceptable cord blood samples x 100 per total
number of live births); interval between
specimen collection for Damavand health
network and receipt by and TSH measure-
ment in the ERC central laboratory; number
of unacceptable primary samples due to
delay in transportation in PHC and non-
PHC systems; number of unacceptable pri-
mary samples due to improper technique of
sampling or shipment in PHC and non-PHC
systems; total recall rate; interval between
birth and confirmation of diagnosis in re-
called neonates; and interval between birth
and starting treatment in hypothyroid neo-
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Cord blood spot sampie

|

Shipment to the Endocrine Research Centre

and TSH measurement

|2100mUIL|

CH highly probable

[ 220 and < 100 mur |

|<20mUIL|

Urgent recall
Neonatal serum collected Neonatal serum collected No action®
for TSH and T, tests? for TSH and T, tests?
No Undetermined No
dlagnosis
Yes Yas

CH confirmed by venous TSH > 10 mU/L
and T, < 6.5 pg/dL or TSH 2 30 mUAL alone?

No

Transient
hyperthyrotropinaemia

Yes

I Immediately ‘

Clinical observation, setum Tg, icdine
excretion {mothernesonate), knee X-ray,
and ™™ Tc thyroid scanning

and T, <6.5 pgAdL or TSH 2 30 mU/L alone?

<day 14 | | Immediate L-T, Immediate L-T,
{ideal) treatment treatment
CH confirmed by venous TSH > 10mU/L | Yes Follow-up
{L-T, continued?)"

No

Transient
hyperthyrotrepinaem

L-T, treatment discontinued

*Other abnormalities of the thyroid, e.g. delayed-onset congenital hypothyroidism, secondary
neonatal hypothyroidism and neonatal hyperthyroidism are not excluded.
"The dosage of L-T, was adjusted according to thyroid function tests.

Figure 1 Flow-chart of the Endocrine Research Centre (ERC) screening programme for
congenital hypothyroidism (CH) with diagnoses shown in bold
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nates (ideal if < 15 days and acceptable <
45 days of life).

Resuits

indicators of operational quality

A total of 20 143 cord blood samples,
18 978 (94.2%) from Teheran and 1165
(5.8%) from Damavand, were collected
and sent to the ERC central laboratory. Of
these, 36 (0.18%) samples were unaccept-
able, 28 samples from Teheran and 8 sam-
ples from Damavand. Of these 36 samples,
17 were unacceptable because of improper
sampling and 19 were unacceptable be-
cause of delayed transportation. Of the im-
properly collected specimens, 15 were
from Teheran hospitals and 2 were from
the Damavand health network. Of the de-
layed transportation specimens, 13 were
from the Teheran hospitals and 6 were
from the Damavand health network. The
mean interval and standard deviation be-
tween specimen collection in the Dama-
vand health network (PHC system) and
receipt and testing by the ERC central labo-
ratory was 2.7 + 1.5 days with a median of
2 days. These data were not available for
Teheran hospitals.

During the course of the programme,
20 107 neonates, i.e. acceptable samples,
were screened. Of the total acceptable
samples, 18 950 (94.2%) and 1157 (5.8%)
were from Teheran and Damavand respec-
tively. Coverage increased progressively
during the first year until it reached 90% of
total births and then it remained constant
throughout the programme. Of 1169 live
births in Damavand, 1157 acceptable cord
samples were sent to the ERC, which
meant there was almost complete coverage
(98.9%}) in the PHC system. In the Teheran
hospitals, coverage was 88.1% (16 183 of
18 362 live births).

The recall rate (RR) was 1.3% as 256
of 20 107 neonates had primary TSH val-
ues = 20 mU/L. Respective values were
244 of 18 950 (RR = 1.3%) in Teheran and
12 of 1157 (RR = 1.0%) in Damavand Dis-
trict.

Of 56 telephone recalls, 52 parents re-
sponded and brought the infant to the ERC
for confirmatory tests. The mean interval
between birth and confirmation of diagno-
sis for recalled neonates was 13 + 6 days
with a median age of 12 days and a range of
5-25 days. The mean interval between
birth and commencement of treatment in
CH neonates was 10 + 5 days with a medi-
an age of 8 days and a range of 446 days.
L-T, therapy was started in four CH neo-
nates at 15, 19, 23, and 46 days of life.

Screening results

The distribution of cord TSH values is giv-
en in Table 1. There were 19 851 neonates
who had cord blood TSH values < 20 mU/L
and who were not followed-up. ‘Transient
hyperthyrotropinaemia’ was seen in 174
neonates, of whom 163, 10, and 1 neonates

Table 1 Distribution of cord blood spot
thyroid stimulating hormone (TSH) values
among 20 107 neonates screened for
congenital hypothyroidism

TSH (mU/L) No. %  Cumulative %

0-4.9 9143 455 45,5
5.0-9.9 9108 453 90.8
10.0-19.9 1600 8.0 98.7
20.0-29.9 m 0.9 99.6
30.6-39.9 3% 0.2 99.8
40.0-49.9 17 0.1 929.8
50.0-99.9 16 0.1 99.9
2100 17 0.1 100.0
Total 20107 1000
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had cord TSH values between 20-49.9,
50-99.9, and = 100 mU/L respectively. Hy-
pothyroidism was found in 22 neonates,
i.e. an incidence rate of 1:914 live births.
Diagnosis for 60 neonates remained ‘unde-
termined” because of inaccurate address
(33), parental lack of interest in follow-up
(18), death of the neonate (6), and other
causes (3).

Discussion

The first screening for CH in the Islamic
Republic of Iran by Azizi et al. during
198789 was discontinued after two years
because of the high recall rate due to iodine
deficiency and hyperthyrotropinaemia {8].
The second study in the country was con-
ducted by Karamizadeh and Amirhakimi on
4300 cord blood samples and found an in-
cidence rate of 1:1433 births for CH [9].
Our study was conducted in seven hospi-
tals in Teheran for 40 months and in a gen-
eral hospital and a rural birth centre in the
Damavand District health network for 12
months. The former was a representative
model for non-PHC systems and the latter
for PHC systems. Of all live births, 88.8%
were screened and the incidence rate of CH
was 1:914 live births. This was higher than
reported in North American and European
countries and also in Japan [15]. To deter-
mine the incidence rate of permanent CH, a
prolonged study is needed to differentiate
transient from permanent types of CH.
Preliminary results of our study indicat-
ed a recall rate of 1.6%. This was signifi-
cantly lower than during the iodine
deficiency period when the recali rate was
5% (P < 0.001) [16]. This significant de-
crease in the recall rate was one of the indi-
cators of iodine supplementation in the
region and supported continuation of the
programme [/]. As the programme pro-

gressed, the recall rate settled at the present
rate of 1.3%.

Only 36 (0.18%) of total cord blood
specimens were unacceptable for testing.
The low number of improperly collected
samples (17) reflected the simplicity of the
specimen collection technique for cord
blood sampling used by the health workers.
Thus, the programme seems operational on
a larger scale because it can use pre-exist-
ing human resources and would not neces-
sarily depend upon prolonged and/or
complex training courses for personnel.
Only 19 (0.09% of total samples) filter pa-
per specimens were unacceptable due to
delay in transportation to the ERC central
laboratory (> 7 days). Of these, 13 were
from Teheran hospitals and 6 were from
the Damavand heaith network. This meant
that 99.9% and 99.5% of primary samples
collected in non-PHC and PHC systems re-
spectively were transported in a timely
manner to the ERC laboratory. Therefore,
the transportation system performed ap-
propriately in both PHC and non-PHC sys-
tems. The Teheran hospitals were 0-25 km
from the ERC central laboratory. The Dam-

- avand general hospital and the Damavand

rural birth cenire were 76 and 96 km re-
spectively from the ERC central laboratory.
In remote locations like the Damavand Dis-
trict, the distance from the central labora-
tory might be a problem for timely
transportation of samples and indeed we
initially expected that a large number of
samples would be unacceptably delayed
before reaching the ERC. Therefore, in ad-
dition to the plan for the Teheran hospitals,
i.e. classifying samples into two groups (<
7 and > 7 days from sample collection to
receipt by the ERC), the number of days
that elapsed between sample collection in
Damavand District to receipt and testing at
the ERC central laboratory was also regis-
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tered. This mean interval was 2.7 £ 1.5
days with a median of 2 days. Hence,
transportation of specimens was almost
perfectly accomplished in the PHC system.
The timely transportation of the samples
from the Damavand District health net-
work will serve as a model for PHC sys-
tems in other regions of the country.

The interval between birth and confir-
mation of diagnosis in recalled neonates
was used as an indicator of the quality of
job performance by the specimen collec-
tors. These collectors included in addition
to workers in the PHC and the non-PHC
systems, the Damavand health workers
and the ERC central laboratory, tracking
system and screening office personnel.
The mean birth—confirmation of diagnosis
interval was 13 + 6 days with a median of
12 days and a range of 5-25 days and
therefore the performance of the screening
programme in both PHC and non-PHC sys-
tems was acceptable [/7].

Heel prick method, which is usually
performed during the first 2-6 days of life,
is the preferred method for specimen col-
lection {11,12]. However, cord blood sam-
pling is still used in some regions [/8,19).
In the United States of America and Cana-
da, T, is initially measured and TSH is only
measured for those with the lowest 10%—
20% of T, results. In other areas of the
world, direct TSH screening has common-
ly been used. In effect, all neonatal thyroid-
screening programmes include screening
for elevated serum TSH concentration as
the most reliable indicator of primary hy-
pothyroidism [6]. Selection of primary
TSH or T, methods depends greatly on the
tocal laboratory or regional screening pro-
gramme preferences. The incidence of CH
has been shown to be similar with both
screening approaches [7]. The threshold
value of significant TSH elevation in most
screening programmes is 20-25 mU/L. Re-

cent increases in the number of maternal-
neonatal discharges from hospitals within
48 hours of delivery have been a burden on
screening programmes by increasing recall
rates and false positive cases [6]; there-
fore, some programmes use higher values
for the TSH cut-off point [6,20]. Whatever
method is used, the goal of the screening
programme is to obtain samples from neo-
nates and to provide early treatment of CH
while keeping the number of false positive
results as low as possible, particularly be-
cause of the emotional disturbance to par-
ents caused by a recall [2]].

In the Islamic Republic of Iran, the heel
prick method could possibly result in large
numbers of neonates not getting screened.
In addition, mothers and neonates are usu-
ally discharged within 24 hours of delivery.
Therefore, in the present study, in order to
obtain specimens from all neonates, the
preferred method was cord blood sam-
pling. This might have resulted in a high re-
call rate because of the physiologic TSH
surge within the first 24 hours of life. Some
studies using cord blood samples have used
a higher level for the cut-off point [20,22].

~ Since we planned to determine incidence

and to design a model to serve as the na-
tionwide programme, we used one of the
lowest cut-off points reported, i.e. 20 mU/
L. Initial results of the present study sup-
ported the use of higher cut-off values, e.g.
30-35 mU/L as CH was not found in neo-
nates with cord TSH less than 40 mU/L.
However, this concept was later abandoned
when three hypothyroid neonates with pri-
mary TSH values of 23.3 mU/L, 33.2 mU/L
and 35 mU/L were detected.

One of the main objectives of a CH
screening programme is to establish early
treatment for affected neonates. Although
starting treatment within 14 days of life is
preferred [7,23], this is not always possi-
ble. Due to screening and early diagnosis,
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treatment of affected infants has usually
been initiated within 45 days of birth and IQ
levels in treated infants measured at 5 to 7
years of age have been normal [6]. Some
researchers have reported that the turn-
around time from collection of specimen to
treatment must be less than 3 months or,
ideally, less than 1 month [/8]. In our
study, the mean interval between birth and
starting treatment for hypothyroid neonates
was 10 £ 5 days with a median of 8 days
and a range of 4-46 days. The median age
of start of treatment compared favourably
with reports from Europe [24,25], That the
telephone recalls worked so well indicated
that parents were reasonably cooperative
and reduced the need for home visits con-
siderably (and thus reduced the cost of the
programme}. This is important if the pro-
gramme is to be conducted on a national
scale. In this regard, public awareness
plays a critical role.

A few difficulties and obstacles were
observed. The large number of recalled ne-
onates with ‘undetermined diagnosis’ and
the few CH cases with delayed treatment
will necessitate public awareness as the
programme continues. Also, despite regular
and careful monitoring of the programme
(i.e. personnel, tests and equipment), hu-
"man error was inevitable. For example, de-

layed reporting by central laboratory per-
sonnel of abnormal venous TSH and T, val-
ues of one CH neonate resuited in delayed
treatment for that child until day 46 of life.

Unless the programme can be legislated
and supported by the government, initiation
and operation of the neonate-screening
programme for CH will not result in com-
plete participation of the population at risk.
Because of the high incidence rate of CH, a
national screening programme for CH is
needed in the Islamic Republic of Iran. The
elimination of iodine deficiency, the low re-
call rate and the operational feasibility of
the CH screening programme for both the
PHC and the non-PHC systems have laid
the groundwork for a successful pro-
gramme. The next step will entail obtaining
parliamentary legislation, government sup-
port and public awareness via mass media
in order to establish a nationwide neonate
screening programme for CH.
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Eastern Mediterranean Approach to Non-Communicable Diseases

We would like to draw our readers attention to the EMAN network
(Eastern Mediterranean Approach to Non-Communicable Diseases
Metwork) which provides extensive information on noncommu-
nicabie diseases, such as cancer, cardiovascular disease, diabetes,
genetics, osteoporosis and other chronic diseases, and the work
and activities being carried out In the Region and WHO Regional
Office with regard to these conditions. Information can be obtained

on the internet at: http://www.emro.who.int/ncd/
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