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Abstract
Aims: To evaluate the prevalence of congenital hypothy-
roidism (CH) in a screening program performed for the
first time in Isfahan, Iran. Methods: From May 2002 to
December 2002, T4 and TSH serum concentrations of
20,000 3- to 7-day-old newborns, born in all 17 hospitals
of the city, were measured by radioimmunoassay and
immunoradiometric assay, respectively. The newborns
with abnormal screening results (TSH 120 mIU/l, T4

!6.5 Ìg/dl and based on the weight) were re-examined.
Results: Of 531 recalled subjects (recall rate 2.6%), 54
were confirmed to be hypothyroid, showing a preva-
lence of 1:370 for CH. Conclusion: Considering the high
frequency of CH, the necessity of implementing a routine
screening program in the healthcare system of Isfahan
Province is emphasized.

Copyright © 2004 S. Karger AG, Basel

Introduction

Congenital hypothyroidism (CH) is one of the most
common preventable causes of mental retardation
throughout the world, which can appropriately be pre-
vented by early diagnosis and treatment [1]. Hypothyroid
newborns mostly have normal gross appearance. Their
clinical signs, early in the neonatal period, are non-spe-
cific and as a result, the diagnosis made only on the basis
of clinical findings will result in irreversible complications
such as mental retardation and deafness [2–4].

Screening programs for CH were first established in
North America in 1972. Such programs are now per-
formed routinely in most developed countries, showing a
prevalence of 1/3,000–1/4,000 for CH [5]. In Iran, screen-
ing programs for CH were first carried out in 1987 by Azi-
zi et al. [6]. During the program of salt iodination in Iran,
the same programs were performed in Fars Province
(1990) by Amir Hakimi et al. [7], who reported the preva-
lence of CH to be 1/1,433. In 1997, screening for CH was
performed in Tehran and the prevalence of the disorder
was again reported to be 1/914 live births [8].
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The aim of this article is to present our description of
the results obtained from a 7-month screening program
for CH, performed in 17 hospitals in the city of Isfahan,
Iran.

Material and Methods

In accordance with the deans of all 17 hospitals in Isfahan and the
heads of their neonatal sections, all 3- to 7-day-old neonates were
referred to the Endocrine and Metabolism Research Center of Isfa-
han University of Medical Sciences. The project’s coverage percent
was achieved by calculating the ratio of referred neonates to total
livebirths. Using a questionnaire, the neonates’ sex, weight, height,
head circumferences, maternal age, and parents’ consanguinity were
recorded. Venous blood samples were obtained on the day of referral
(3rd–7th day of birth), by trained nurses, from the cubital vein, and
serum T4 and TSH were measured.

A pediatric endocrinologist and collaborating general practitioner
evaluated the laboratory results and the questionnaire, and after
physical examination, the neonates who need to be recalled were
determined. Recall was implemented based on the level of T4 and
TSH. In the case of TSH 120 mIU/l or T4 !6.5 Ìg/dl on the 3rd–7th
days after birth, and TSH 110 mIU/l or T4 !6.5 Ìg/dl after the 7th
day of birth, the neonates were recalled. Immature neonates with low
levels of T4 for their weight or high TSH levels for their age were
recalled.

Considering the first TSH values, the proper approach was select-
ed. If the TSH level was between 20 and 39 mIU/l, T4 and TSH mea-
surements were repeated, but if the TSH level was 140 mIU/l, then
treatment would be initiated as well as repeating laboratory examina-
tions. If the results of the second set of tests were within normal lim-
its, the neonate was considered as a case of transient TSH elevation,
in which the treatment was halted and the subject was excluded from
the study. Otherwise, the treatment was continued.

All recalled neonates were examined clinically by a pediatric
endocrinologist. According to the results of the secondary measure-
ments (on 7th–28th days of birth), neonates were considered as hypo-
thyroid if T4 was !6.5 Ìg/dl and TSH was 110 mIU/l [9–13]. In both
premature and full-term neonates whose T4 measurements were low
according to their weight [14], complementary tests including T3
resin uptake (T3RU) and free T4 index (FTI) were performed and
treatment was started if the results were abnormal. In a few neonates
whose TSH levels were slightly more than normal upper limits
(5!TSH!10), thyrotropin-releasing hormone (TRH) test was also
performed [15, 16].

Neonates with confirmed hypothyroidism underwent a treatment
with a single dose of levothyroxine (10–15 Ìg/kg/day). Before treat-
ment, it was recommended to perform thyroid scintigraphy in
neonates with CH in order to identify the etiology of the hypo-
thyroidism.

Laboratory Methods
TSH was measured with the aid of Iran Kavoshyar Co. Kits with

a immunoradiometric assay method. T4 and T3RU tests were per-
formed using a radioimmunoassay method. The sensitivity of the T4
and TSH tests were 0.38 Ìg/dl and 0.05 mIU/l respectively, which
were controlled with a Berthold LB 2111-12 gamma counter. Quality
control of the tests was performed in two ways: (1) The first was by

Table 1. Distribution of serum TSH level
among the screened neonates (n = 19,992)

Distribution of
TSH levels, mIU/l

n %

0–4.9
5–9.9

10–19.9
20–29.9
30–39.9
40–49.9
50–99.9

6100

17,187
2,309

421
51
5
2

10
7

85.97
11.55
2.1
0.26
0.025
0.01
0.05
0.035

Total 19,992 100

intrinsic quality control including four parts: (a) pre-analytical con-
trol; (b) analytical control; (c) post-analytical control, and (d) inter-
laboratory comparison and utilization of definite controlled samples.
All of the laboratory examinations were performed by an expert tech-
nician in the same laboratory using standard procedures. (2) The sec-
ond way was by external quality assessment.

Statistical Analysis
Frequency, mean and standard deviation for demographic data,

T4 and TSH levels in neonates were estimated. Statistical analysis
was performed by SPSS software (Version 10).

Results

Demographic Results. Among all newborns studied,
3.4% were premature. The nationality of 97.5% of all
cases was Iranian, 2.4% were of Afghani nationality and
0.1% had other nationalities. The rate of parental consan-
guinity was 29.7%. The coverage percent of the screening
program for CH (i.e. the ratio of the referred neonate to all
newborns in all hospitals throughout the city) was 89.3%.

Screening Results. The distribution of serum TSH val-
ues among the screened neonates is shown in table 1.
The mean TSH level in all measured samples was 3.02 B
5.92 mIU/l. The distribution of T4 levels in all screened
neonates is presented in table 2. The mean T4 level in the
whole population was 10.9 B 2.51 mg/dl.

Recalled Neonates. Overall, 531 neonates (2.65%) were
recalled. After being tested for T3RU and FT4I, 421
(79.9%) were categorized as healthy neonates and 54
(10.2%) were diagnosed and treated as hypothyroid cases.
The prevalence of CH among all subjects studied was 2.7/
1,000 (1:370).
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Table 2. Distribution of serum T4 values in
all screened neonates (n = 19,992)

Distribution of
T4 level, Ìg/dl

n %

0–6.5
6.6–9.9
10–14.9
15–19.9

620

666
6,572

11,633
1,114

7

3.3
32.9
58.19
5.6
0.01

Total 19,992 100

Table 3. Distribution of TSH levels among
hypothyroid neonates, on their first mea-
surement

Distribution of
TSH, mIU/l

n %

0–9.9
10–19.9
20–49.9
50–99.9

6100

6
13
16
9

10

11.1
24.1
29.6
16.7
18.5

Total 54 100

Table 4. Distribution of T4 levels among
hypothyroid neonates on their first measure-
ment

Distribution of T4,
Ìg/dl

n %

0–6.5
6.6–9.9
10–14.9

115

25
18
11
0

46.3
33.3
20.4
0

Total 54 100

Hypothyroid Neonates. Among hypothyroid neonates,
32 (59.25%) were male and 22 (40.75%) were female lead-
ing to a male:female ratio of 1.45:1. There was no parental
consanguinity among 33 (61.1%) hypothyroid neonates,
whereas the parents of 16 (29.6%) had first-cousin con-
sanguinity and in 4 (7.4%), second-degree consanguinity
between parents had been recorded. One patient had sec-
ondary hypothyroidism. Tables 3 and 4 demonstrate the
distribution of TSH and T4 values among hypothyroid
neonates respectively. Thyroid scintigraphy was per-
formed in 22 (40.7%) hypothyroid neonates and accord-
ing to the results, 12 (54.5%) had thyroid dygenesia and in
10 the thyroid scan was normal.

Discussion

In the present study, 20,000 neonates referred from all
hospitals and delivery departments throughout Isfahan
city were studied. The prevalence of CH was estimated to
be 1:370. This prevalence was approximately 8.2- to 10.7-
fold of that reported from developed countries. The prev-
alence of CH is different in different parts of the world. It
has been reported to be 1:67 in Nigeria [17], 1:781 in
Pakistan [18], 1:918 in some Asian families [19] and
1:10,000 in African Americans [20]. The results of one
study which was performed in Tehran between 1997 and
2001 by Ordookhani et al. [8] showed that CH had a prev-
alence of 1:914, although it was reported to be 1:1,433 in
the study of Amir Hakimi et al. [7] in Shiraz city in 1991.

The different prevalence rates of CH reported from
different parts of the world are suggested to be due to sev-
eral factors: (1) The use of T4 or TSH levels as the only
tool for screening [10]. (2) The established criteria for the
diagnosis of CH being different among different studies

[21]. (3) Iodine deficiency has been known to be one of the
causes of neonatal hypothyroidism [21–23]; however, this
problem has been solved in Iran [24] and one study in
Isfahan has shown that urinary iodine excretion was in the
optimal range in neonates and their mothers [25]. (4) Eth-
nic varieties: the prevalence of CH has been reported to be
1:2,943 in Turkey [26], 1:2,759 in Saudi Arabia [27], and
1:7,000 in Japan [28]. The prevalence among Arab neo-
nates residing in Israel was reported to be 1:1,447, which
is higher than among Jewish neonates in that country
(1:2,070) [22, 29]. (5) Frequent application of iodinated
antiseptics is one of the causes of transient neonatal hypo-
thyroidism, especially in premature neonates [26, 30]. In
the present study the heads of the neonatal departments
were asked not to use povidone iodine if possible. Of
course, it cannot be ascertained that this recommendation
was accepted and implemented. (6) Environmental, ge-
netic and familial factors are involved in increased preva-
lence rates in some populations [31–33].
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The recall rate has been different among different pop-
ulations, ranging from 0.16% in the Philippines [34],
2.3% in Turkey [35] to 3.3% in Estonia [36], where the
screening programs were performed as usual between 3
and 5 days after birth. In the present study, the recall rate
was 2.65% which was within the acceptable ranges. The
difference between our rate and that of the Philippine
study can be due to the sampling method and a different
way of performing laboratory tests.

The female:male ratio in Saudi Arabia assessment was
reported to be 1.8:1 [23], 4:1 in Estonia [36] and 3:2 in
China [37]. In the present study, this ratio was 1:1.45. The
difference may be due to the high prevalence of consan-
guineous marriages in our region, which may itself result
in a higher proportion of CH cases caused by thyroid dys-
genesis. According to the results of the study by Castanet
et al. [32], a significantly higher proportion of boys was
discovered in familial cases of CH caused by thyroid dys-
genesis, perhaps due to possible involvement of sex-modi-
fied etiologic factors.

The prevalence of secondary hypothyroidism was 1/
20,000 in our study, whereas the prevalence of secondary
and tertiary hypothyroidism was 1/68,200 in one study
performed in the USA [38]. The observed difference is
probably due to our small sample size.

In some studies, the prevalence of CH in premature
neonates has been twice as much as that in full-term ones
[39]. In the present study, the frequency of prematurity
was 3.3% for all neonates and 4 of all 54 hypothyroid
patients were premature, showing that 0.6% of premature
neonates had hypothyroidism. The observed difference
can be due to our small sample size.

Maternal thyroid function affects fetal and neonatal
thyroid functions [40]. Accordingly, the prevalence of thy-
roid dysfunction in neonates whose mothers had Grave’s
disease was more than others [41, 42] and reported to be
2–13% [43]. In our study, hypo- and hyperthyroidism
were observed in 2 (3.7%) and 2 (3.7%) of the mothers of
hypothyroid neonates, respectively.

In comparison to usual screening programs for CH, we
used both T4 and TSH measurements in our survey. Some
countries use primary T4 with backup TSH measure-
ments. This approach will detect infants with primary
hypothyroidism, as well as infants with thyroxine-binding
globulin (TBG) deficiency or hypothalamic-pituitary hy-
pothyroidism. Such programs also have the potential to
identify infants with hyperthyroxinemia [44]. The major
disadvantage of this approach is the higher recall rate and
the resultant psychological harm and economic burden.

The majority of CH screening programs use primary
TSH measurements, supplemented by T4 determinations
for infants with elevated TSH values. With this approach,
it is probable to miss infants with TBG deficiency, hypo-
thalamic-pituitary hypothyroidism and hypothyroxin-
emia with delayed TSH elevation [44], that are consid-
ered disorders with a relatively low frequency. Instead,
the screening results obtained by TSH measurement can
be used to monitor the iodine supply in the newborn pop-
ulation, especially in iodine-deficient countries [45]. In
the present study, we applied combined primary T4 and
TSH measurements in order to obtain more precise
results concerning the prevalence of CH in our region.
The survey was a centralized program and we used
trained nurses to draw blood samples. Of course, the
future screening program in the region should favor more
practical methods of screening for CH, including filter
paper blood spot TSH measurement.

In conclusion, considering the high prevalence of CH
in Isfahan, it is recommended to integrate proper screen-
ing programs for CH in the routine healthcare system of
Isfahan Province. Further studies of longer duration are
recommended to determine the distribution of CH sub-
types and their relation with consanguinity.
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