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able range by either approach, the TSH alone protocol 
seems to be a more sensitive and practical approach with 
the least recall burden and considering the high preva-
lence of CH in our region merit adaptation of widespread 
screening for CH using TSH measurements from heel 
stab blood spotted on fi lter paper. 

 Copyright © 2005 S. Karger AG, Basel 

 Introduction 

 Congenital hypothyroidism (CH) is a preventable 
cause of mental retardation, which can be prevented in 
the case of early diagnosis and treatment. Clinical diag-
nosis of CH without neonatal screening is just impossible 
to do early enough in order to be effective  [1] , thus screen-
ing of CH in communities is essential. In this way, the 
screening program which is feasible, accessible and less 
costly for public must be implemented. 

 Proper recalls of neonates in CH screening projects 
have benefi cial effects on parents’ time, expense and men-
tality. The rate of recalls and recall criteria vary in differ-
ent communities and studies. Not only can neonates’ re-
calls based on proper criteria cover the community screen-
ing program properly but they also increase parent 
cooperation and organize project expenses  [2, 3].  
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 Abstract 
  Aims:  To evaluate and compare the recall rate in con-
genital hypothyroidism screening project in Isfahan, fi rst 
using an approach involving measures of both TSH and 
T4 and then using TSH alone.  Methods:  From June 2002 
to January 2005, serum TSH and T4 level of referred 
 neonates were measured at 3rd to 7th day of birth 
through venous sampling. If neonates’ serum TSH was 
 1  20 mIU/l or T4 was  ! 6.5  � g/dl by the fi rst protocol, or 
TSH was  1 20 mIU/l by the second protocol, they were 
recalled. TSH and T4 were measured using an immuno-
radiometric assay and radioimmunoassay, respectively. 
Neonates with TSH  1  10 and T4  !  6.5 on their second 
measurement were considered as congenitally hypothy-
roid.  Results:  Serum T4 and TSH of 29,425 neonates by 
fi rst and 57,235 neonates by second recall approach 
were measured. Recall rate was higher in the fi rst proto-
col (2.2% vs. 0.6%, p  !  0.05). Most of the recalled neo-
nates in the fi rst protocol were recalled for low T4 level 
(p  !  0.05). The prevalence of CH was 1 in 350 livebirths. 
 Conclusion:  Although the recall rate was in the accept-
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  Considering the importance of prevention of the long-
term consequences of CH, the current study evaluated the 
rate of recalls performed based on two different protocols 
in the CH screening project of Isfahan, a centrally located 
city of Iran ( fi g. 1 ), and compared them with other com-
munities. 

 Material and Methods 

 This study was implemented from June 2002 to January 2005, 
and evaluated referred neonates from 17 maternity hospitals (pri-
vate, public, educational, township) in Isfahan, Iran. The coverage 
percent of this project was achieved through calculating the ratio 
of referred neonates to total number of livebirths. 

 Serum T4 and TSH or only TSH concentrations of 86,660 neo-
nates were measured on their 3rd to 7th day of birth through venous 
sampling (from the cubital vein), by trained nurses. A general in-
formation questionnaire, which recorded neonates’ sex, length, 
weight, birth date and maternal age of pregnancy, joint with labo-
ratory data, was sent to an endocrinologist and collaborating gen-
eral practitioner. Therefore, they made a decision and determined 
which neonates must be recalled. 

 Two different protocols were used to recall the neonates ( fi g. 2 ). 
According to the fi rst protocol, recall was implemented based on 
the level of T4 and TSH. In the case of TSH  1 20 mIU/l or T4 
 ! 6.5  � g/dl on the 3rd to 7th days after birth and TSH  1 10 mIU/l 
(for those referred after the 7th day of birth), the neonates were re-
called. Immature neonates (GA  ! 37 weeks), with low levels of T4 
for their weight or high TSH levels for their age were recalled. The 
levels of both serum T4 and TSH were measured till May 2003, but 
after that only the level of TSH was measured and recall was per-
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  Fig. 1.  The map of Iran and Isfahan Province. 

  Fig. 2.  First vs. second protocol used to recall neonates. 
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formed according to serum TSH level (2nd protocol). Neonates 
with TSH  1 20 mIU/l on the 3rd to 7th days of birth and TSH 
 1 10 mIU/l after 7th day of birth were recalled. Among recalled 
neonates, if the level of TSH at the fi rst measurement was above 
40 mIU/l, then secondary laboratory tests and treatment would be 
performed simultaneously, but in the case of a TSH concentration 
between 20 and 39 mIU/l in the fi rst measurement, only secondary 
laboratory tests would be performed  [3–7] . 

 Secondary laboratory exams, performed on the 7th to 28th days 
of birth, included measurement of both TSH and T4 level and 
neonates were considered as hypothyroid if T4 was  ! 6.5  � g/dl and 
TSH was  1 10 mIU/l  [4].  

 In recalled neonates, if weight-adjusted T4 was low, then T3RU 
(T3 resin uptake) and FTI (free T4 index) would be measured in 
addition to previous laboratory exams  [8]  and according to labora-
tory fi ndings, treatment would begin, in hypothyroid neonates. 

 Before treatment, it was recommended to perform thyroid scin-
tigraphy in neonates with CH in order to identify the etiology of 
the hypothyroidism. 

 Laboratory Methods 
 Serum T4 and TSH were measured by radioimmunoassay 

(RIA) and immunoradiometric assay (IRMA) methods, respective-
ly, using Iran Kavoshyar Co. Kits (Tehran, Iran) and by gamma 
counter of Isfahan Endocrine & Metabolism Research Center (Ber-
thold LB 2111-12). To confi rm the quality of the tests, some sam-
ples were selected randomly and their T4 and TSH levels were 
measured in other approved laboratories of the city and the results 
were compared with those of Isfahan Endocrine and Metabolism 
Research Center Laboratory. 

 Statistical Analysis 
 Data were analyzed using SPSS Version 10.  �  2  statistical test 

was used to compare the proportions. 

 Results 

 Overall, 86,660 neonates were referred and the cover-
age percent of the project was 87%. Among all newborns 
studied, 96.9% were full-term and 3.1% were premature 
(GA  ! 37 weeks). The nationality of 97.4% of all cases was 
Iranian, 2.5% had Afghani nationality and 0.1% was of 
other nationalities. 

 The mean TSH in all referred neonates was 2.83  8  
2.79 mIU/l (median 2.1 mIU/l, range 491.98) and the 
mean T4 (measured till May 2003) was 10.8  8  4.44  � g/dl 
(median 10.7  � g/dl, range 21.3). From all studied neo-
nates, 29,425 were referred till May 2003. Overall, 992 
neonates (1.1%) were recalled. Among cases that were 
recalled, 90.6% were full term and the rest were prema-
ture. The rate of parental consanguinity was 27.9% in all 
neonates. 

 Neonates recalled when the fi rst protocol applied was 
646 neonates (recall rate = 2.2%, 646/29,425), whereas 
346 of them were recalled after May 2003, by using the 
second protocol (recall rate = 0.6, 346/57,235). Recall rate 
was signifi cantly higher when T4 and TSH (fi rst protocol) 
were used for recall, as compared to the time span of sec-
ond protocol usage, when only serum TSH level was ap-
plied to recall (p  !  0.05).  

 Detailed data from neonates who were recalled till 
May 2003 (according to T4, TSH or both of them) are 
presented in  fi gure 3 . During the mentioned period, most 
of the neonates were recalled because of low serum T4 
level alone (74.3%, recall rate = 1.63%) than high TSH 
level (19.7%, recall rate = 0.43%) or both low T4 and high 
TSH (6%, recall rate = 0.13%) levels (p  !  0.05). 

 From recalled neonates, 682 (68.8%) were catego-
rized as healthy neonates and 247 (90 and 157 in 1st and 
2nd stages of the study, respectively) were diagnosed and 
treated as hypothyroid cases (24.9%). Four neonates had 
secondary hypothyroidism and 60 (6.7%) recalled neo-
nates didn’t follow secondary or complementary exams 
and were classifi ed as unknown cases. The prevalence of 
CH in the target population was 2.85/1,000 or 1/350 
livebirths (1/327 and 1/364 for the fi rst and the second 
 stages, respectively; p = 0.7). There was no parental con-
sanguinity among 151 (61.1%) hypothyroid neonates, 
whereas the parents of 71 (28.8%) neonates had fi rst-
cousin consanguinity and in 25 (10.1%) patients, sec-
ond-degree consanguinity between parents had been re-
corded. 

 Using the fi rst recall protocol, the means of TSH and 
T4 among recalled neonates were 6.35  8  2.5 mIU/l and 
19.8  8  40.4  � g/dl, respectively, and the mean of TSH 

  Fig. 3.  Distribution of recalled neonates using the fi rst protocol, by 
the criterion used for recall (only low T4, only high TSH and both 
low T4 and high TSH). 
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among neonates recalled according to the second protocol 
was 18.9  8  32.5 mIU/l. 

  Tables 1  and  2  show the distribution of T4 and TSH 
levels in recalled neonates, respectively. 

 Discussion 

 Findings of the present study show that the recall rate 
was signifi cantly higher when using both T4 and TSH for 
screening compared with the 2nd method, in which recall 
was performed only according to primary TSH measure-
ment (2.2% vs. 0.6). In the case of using low T4 or high 
TSH or both, the high percent of recalled neonates had 
low T4 (74.3%). Indeed, recalling neonates regarding to 
low T4 level alone increases the rate of false-positive re-
sults  [2] . 

 The prevalence of congenital hypothyroidism was 
1:350 living births, which was approximately 8.6- to 11.4-
fold of that reported from developed countries. It was 
higher than the prevalence of congenital hypothyroidism 
in our region too (1/914 in Tehran and 1/1,433 in Fars 
province)  [8, 9] . The screening project for congenital hy-
pothyroidism in Isfahan had some advantages compared 
with previous studies in Iran. It was implemented in a 
large scale as mass screening and was a centralized pro-
gram. Besides, though we didn’t use fi lter paper for our 
blood spot specimens, but we used trained nurses to draw 
venous blood samples for measuring serum TSH and 
T4. 

 Different surveys have been implemented to study re-
calls and factors affecting recall rate in CH screening pro-
grams  [2, 10–15] . The different recall rates in various 
screening programs are suggested to be due to several fac-
tors  [1] : the use of T4 or TSH level or both for screening 

 [2] , differences in sample collecting methods and labora-
tories  [3],  different established criteria for recalling that 
is related to cultural, regional, and social factors of a com-
munity. 

 The rates of recall in other countries, according to the 
accepted criteria of screening on the 3rd to 5th day of 
birth, vary from 0.2 to 3.3. It was 0.16% in the Philip-
pines, 0.35% in Austria, 0.3% in Greece, 0.28–0.29% in 
Hungary, 2.3% in Turkey and 3.3% in Estonia  [15–20] . 
In a study in Thailand, the recall rate according to the 
cord TSH values greater than 30 mIU/l was 1.1%  [21] . 

 According to the results of an investigation in India, 
in which serum TSH was used for screening, the recall 
rate was 2.81%  [22] . In our study, when using serum TSH 
level alone for screening and recall, the recall rate was 
lower than the mentioned survey. 

 In the Azizi et al.  [12]  study performed before iodine 
fortifi cation of salt in Iran, TSH concentration of cord 
blood samples was determined. Results showed that the 
recall rate was 5%, therefore the study was stopped. Fol-
lowing the fortifi cation of salt with iodine in Iran, the 
recall rate decreased to 1.6%, as showed by using cord 
blood TSH level in Ordookhani et al.  [12]  study. They 
concluded that iodine defi ciency was an important factor 
in increasing of recall rate. Another study in our country 
by Karamizadeh and Hakimi  [9]  in 1990 showed that the 
recall rate was 7.3% according to cord T4 level. After 
implementation of the national iodine supplementation 
programme, conducted to improve iodine defi ciency 
through salt idolization, this problem has been solved in 
Iran and one study in Isfahan has shown that urinary io-
dine exertion was in the optimal range in neonates and 
their mothers  [23, 24] . Comparing the results of the men-
tioned studies with our fi ndings, the recall rate in the pres-
ent study was lower (0.6 vs. 1.6% when using only TSH 

  Table 1.  Distribution of serum TSH levels 
in all recalled neonates on their fi rst mea-
surement 

TSH level n %

0–9.9 mIU/l 501 50.5
10–19.9 mIU/l 172 17.3
20–49.9 mIU/l 250 25.2
50–99.9 mIU/l 32 3.2
6100 mIU/l 37 3.7

Total 992 100

  
  

  Table 2.  Distribution of serum T4 levels in 
recalled neonates on their fi rst measure-
ment, according to the fi rst recall protocol 

T4 level n %

0–0.5 �g/dl 506 78.3
6.6–9.9 �g/dl 79 12.2
10–14.9 �g/dl 54 8.4
15–19.9 �g/dl 6 0.9
620 �g/dl 1 0.2

Total 646 100
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and 1.63% vs. 7.3% when applying low T4 for recall), al-
though we used serum samples and they used cord blood 
specimens. 

 A study in Italy showed that if neonates were recalled 
based on the T4 level, the recall rate was 2.5%, but if both 
T4 and TSH level were measured, the recall rate would 
decrease to 0.11%  [11] . These fi ndings are similar to our 
results. During the fi rst period when both T4 and TSH 
were used for recall, the recall rate was 1.63% by low se-
rum T4 level and was 0.13% when using both T4 and TSH 
level. 

 Recall rate according to the T4 concentration of less 
than or equal to 6.5  � g/dl has been reported to be 3% in 
the newborn thyroid screening in a municipal hospital 
 [2] . They concluded that although recalling neonates 
based on low T4 level alone increased the rate of falsely 
abnormal results, it detected newborns with secondary 
and tertiary forms of hypothyroidism. In our study, when 
only low T4 was considered for recalling during the fi rst 
stage, the recall rate was lower as compared to the above-
mentioned study, which may be due to differences in the 
T4 assay. 

 Three thyroid-function detection methods were evalu-
ated concomitantly in the study of Walfi sh  [14]  for pos-
sible application as routine tests for early diagnosis of CH. 
The study concluded that cord TSH as an initial screen-
ing test had a higher specifi city and sensitivity for the 
diagnosis of CH than the two other tests. 

 Another study in Slovakia evaluated the accuracy of 
different laboratory methods in CH screening programs 
and the effect of assay method on recall rate. They mea-
sured the TSH level using both RIA and IRMA. Recall 
rate was 2.34% using RIA and 0.89% using IRMA  [10] . 
IRMA was more accurate and this method was used in 
our screening program. 

 A study in Belgium evaluated the effect of povidone 
iodine used during delivery, specially C/S, epidural an-
esthesia and breast or artifi cial milk feeding, on recall 
rate. The results showed that the rate of recall was sig-
nifi cantly increased among deliveries using povidone io-
dine and also among neonates who were breast-fed  [13] . 
According to the announcement of the Isfahan CH 
screening project committee, maternity hospitals were 
advised not to use povidone iodine as far as possible dur-
ing the course of delivery, but it cannot be ascertained 
that this recommendation has been accepted and imple-
mented carefully. 

 In conclusion, the recall rate in our study was not as 
high as in Estonia, even when both T4 and TSH were used 
for screening, but it was more acceptable when only TSH 

was used as the recall criteria. Although it may be attrac-
tive to identify all additional patients with secondary or 
tertiary forms of neonatal hypothyroidism, problems of 
excessive recall costs, waste of professional time and psy-
chological and emotional burden to families should be 
considered for implementing successful screening and re-
call program. Therefore, in accordance with some studies 
that used TSH as the most useful index for both screening 
and recall (specially when measured on the 3rd to 5th day 
of birth for reducing false-positive results), we concluded 
that using TSH alone for recall is more effective and fea-
sible according to the conditions of our community. 

 Considering the high prevalence of CH in our investi-
gation, further studies are needed to establish more prac-
tical methods of both screening and recall, including fi lter 
paper blood spot TSH measurement. 
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