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Abstract

Background: Congenital hypothyroidism (CH) is the most important cause of mental and physical retardation in
newborns. The prevalence of CH has been reported high in East Azerbaijan province of Iran. However, the risk
factors for CH are poorly understood. This study aimed to determine and compare risk factors for permanent and
transient CH in East Azerbaijan, Iran.

Methods: A case-control study was conducted in the Iranian national screening program for CH. This study
included 680 neonates: 340 neonates with confirmed CH and 340 matched healthy controls born at the same
period and from the same residential area as the cases. Multiple logistic regression analyses were used to estimate
the crude and adjusted odds ratios and 95% confidence intervals for the association between different risk factors
and transient and permanent CH.

Results: Out of the 680 participants, 364 (53.53%) were male. Family history of CH (OR = 5.09, 95% Cl: 1.66-15.63),
neonatal jaundice (OR =3.89, 95% Cl: 2.36-6.43) and parental consanguineous relation (OR=2.19, 95% Cl: 1.51-3.17)
were associated with an increased risk of permanent CH. Likewise, the use of Betadine in pregnancy (OR =4.87,
95% Cl: 1.45-16.28), family history of CH (OR =5.98, 95% Cl: 2.04-17.48), neonatal jaundice (OR =281, 95% Cl: 1.75-
4.52), parental consanguineous relation (OR =3.86, 95% Cl: 1.92-5.74), and gestational age at birth (OR=3.2, 95% Cl:

1.90-541) were identified as risk factors for transient CH.

Conclusion: Family history, neonatal jaundice, gestational age at birth, and Betadine usage in pregnancy are

associated with CH.
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Introduction

Congenital hypothyroidism (CH) in neonates stems from
impaired thyroid hormone synthesis, which can lead to
severe mental retardation with inadequate development
of the child’s brain, in the absence of timely identifica-
tion or treatment. Neonatal CH occurs in both transient
and permanent forms. The distribution of CH varies
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from country to country, for example, 1 in 2070 births
in the United States [1] and 1 in 2421 live births in
China [2]. The average incidence of CH in Fars province,
Iran is 1 in 1000 live births [3], 1:748 in Isfahan province
[4], while the average incidence rate in East Azerbaijan
province of Iran is 1 in 550-600 live births [5]. However,
a countrywide review study revealed that the average
incidence rate of CH is 2 in 1000 live births in Iran [6].
Evidence suggests the risk factors affecting the inci-
dence of neonatal CH is different in various countries.
For example, low birth weight and family history in
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China [7, 8], congenital anomalies, gender, gestational
diabetes, gestational age greater than 40 weeks in Egypt
[9], and congenital anomalies and twin pregnancy in
Italy [10] have been identified as risk factors for neonatal
CH. Moreover, lowering the diagnostic cut-off levels in
different CH screening programs could have contributed
to an increased prevalence of detected CH. There are
different screening cut-off levels in different countries,
which can lead to difficulties in comparing the preva-
lence of CH (7, 11].

There may be risk factors specific to the province that
might have contributed to the high prevalence of this
disease. Most of the studies conducted in Iran are often
descriptive rather than analytical and are based on the
city level small-sized samples. Moreover, few studies
have focused on the differences between the transient
and permanent state of the disease. Therefore, this case-
control study aimed to identify and compare important
risk factors affecting the incidence of transient and per-
manent CH in East Azerbaijan province, Iran.

Method

Study design

This case-control study was conducted on neonates
from East Azerbaijan province who had participated in
the national CH screening program. In Iran, medical
universities are responsible authorities for the health sys-
tem in each province. CH screening program is a na-
tional program in Iran with national guidelines
according to the best available evidence and WHO rec-
ommendations. In the national screening program for
CH, all neonates are screened within 3-5 days of birth.
This program is currently running by first-line health
service providers in all cities and villages of the Iranian
population. Screening tests are performed on filter paper
specimens and then they are sent to referral labs in the
center of provinces. All these processes are done in
paper form and the statistics are sent from bottom to
top [6, 12].

In this study, all neonates, who were born in East
Azerbaijan province from the beginning of 2011 to the
end of 2013 and were diagnosed with permanent or
transient CH following heel prick screening and con-
firmatory tests, were included in the case group. Based
on the province’s health ministry, the total number of
neonates with CH was 405. Of those, 65 neonates were
excluded due to study criteria, ethical considerations,
and the unavailability of the address or telephone num-
ber of the patients who migrated, therefore 340 patients
whose information was available at the health depart-
ment of the province that was included in the study. Of
340 neonates, 204 neonates had transient CH and 136
neonates had permanent CH.
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Case subjects

The neonates with thyroid stimulating hormone
(TSH) >20mU/L in neonatal CH screening on the
heel prick screening, and with TSH >10mU/L and
free thyroxine (T4) <6.5pug/dl in venous blood test,
who had received levothyroxine for more than 3
years (according to the national guidelines) after
confirmation from the focal point program (often
overseen by an endocrinologist who is responsible
for initiating and ending treatment to prevent error
and integrate appropriate case management), were
chosen as permanent CH subjects. However, neo-
nates with TSH >20mU/L in neonatal CH screening
on the heel prick screening, and with TSH > 10 mU/
L and T4<6.5pug/dl in venous blood test, who had
received levothyroxine for less than 3 years (accord-
ing to the national guidelines) after confirmation by
the focal point specialist, were included as transient
CH subjects.

Control subjects

The infants, who had TSH <5 mU/L in the heel prick
screening or TSH between 5 and 19.9 mU/L in heel
prick screening that had reduced to less than 5 mU/L in
the re-examination of the heel prick test or less than 10
mU/L in venous blood test, were categorized as healthy
control group after matching time of birth and residence
with the cases.

Data collection

Data was collected from the Ministry of Health
checklists. Some potential risk factors, such as the use
of Betadine (vaginal) during pregnancy by the mother
and the presence of jaundice in the neonate, were not
available on this checklist. We collected this informa-
tion from the household records collected at homes
and health centers. Betadine usage was defined as the
vaginal usage during the pregnancy at least once.
Neonatal jaundice was defined as jaundice presenting
within 28 days after birth.

Parental consanguineous relationship was defined as
any degree of family relationship between the neonate’s
mother and father.

The data on healthy controls were collected from the
Health Integrated System (SIB) and household records
collected at homes and health centers. In case of data
unavailability, in-person interviews were conducted.

Statistical analysis

The Kolmogorov-Smirnov test was used to assess the
normality of data distribution. The t-test was used to
compare the quantitative variables of the control and
case groups, if the data were normally distributed.
The chi-square test was used to compare the
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qualitative variables of the case and control groups
and data were present as median and quartile 1 and
quartile 3. Non-parametric test (Mann-Whitney) was
used if the distribution of data was not normal. Each
variable in the single-variable analysis that had P <
0.2, was analyzed by multiple logistic regression, to
evaluate the most important risk factors for transient
and permanent CH controlling the effect of con-
founders, and estimate the adjusted odds ratio (OR).
The effects of independent variables on the three-
state response variable (permanent, transient, and
control) were evaluated using the multiple logistic re-
gression. SPSS software (version 22) was used to
analyze the data. For all tests, the error rate was con-
sidered to be 5%.

Results

Overall, this study included a total of 680 participants
including 340 neonates with CH in the case group,
which consisted of 136 neonates with permanent CH
and 204 neonates with transient CH, and 340 healthy
neonates. Of all participants, 364 (53.53%) were male.
The percentage of newborn boys in the transient CH
group was 53.4% (n = 109) and 54.4% (n = 74) in the per-
manent CH group. The percentage of newborn boys in
the control group was 53.2% (n = 181).

Risk factors associated with transient CH

Table 1 shows the associations between the potential
risk factors and the transient CH. According to univari-
ate analysis, parental consanguineous marriage (P =
0.001), Betadine usage in pregnancy (P =0.003), history
of CH in first-degree relatives (P = 0.001), neonatal jaun-
dice (P =0.001), and gestational age (P = 0.001) were as-
sociated with transient CH.

Risk factors associated with permanent CH

Parental consanguineous marriage was significantly
more frequent in the case group (22.1% versus 12.9% in
the control group; P =0.001) (Table 2). More mothers in
the case group had used Betadine during pregnancy than
those in the control group (4% versus 1.2%, P = 0.039).
History of CH in first-degree relatives and neonatal
jaundice were observed more frequently in the case
group than in the control group (P = 0.001).

Table 3 shows the comparison of gestational age and
birth length among three groups of participants: perman-
ent CH, transient CH and controls. The median birth
length of neonates with both permanent and transient CH
was 49 cm as compared to 50 cm in healthy infants (P =
0.002). Additionally, the median gestational age at birth in
both permanent and transient CH group was 38 weeks as
compared to 39 weeks in the control group and it was a
significant difference (P = 0.003).
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Table 1 Association between transient congenital
hypothyroidism (CH) and potential risk factors

Variable Control  Transient CH OR (95% Cl) P value*
N =340 N =204
Gestational age (week)
<37 310 153 344 (21-562) 0001
>37 30 51 1
Birth length (cm)
<50 100 53 1.18 (08-1.75) 0223
>50 240 151 1
Parental consanguineous marriage
No 296 (87.1) 161 (789) 1 1
Yes 44 (12.9) 43 (21.1) 217 (1.57-3) 0.001
Betadine usage
No 336 (982) 191 (936) 1 1
Yes 4(1.2) 13 (64) 562 (1.8-17.5) 0.003
Gender
Male 181 (53.2) 109 (534) 1 1
Female 159 (46.8) 95 (46.6) (0.72-14) 0.97
History of CH in the first degree
No 335(985) 188(92.2) 1 1
Yes 5(1.5) 16 (7.8) 56 (2.02-15.5) 0.001
Neonatal jaundice
No 299 (87.9) 141 (69.1) 1 1
Yes 41 (12.1) 63 (30.9) 353 (226-551)  0.001
Birth weight (gr)
<2500 19 (5.6) 23 (113) 1 1
4000-2500 308 (90.6) 174 (85.3) 0.39 (0.22-069) 001
> 2500 13 (38) 7 (34) 039 (0.15-1.3)  0.058
Mother’s age (year)
<20 43 (12.6) 22 (10.8) 1 1
20-30 97 (28.5) 77 (37.7) 1.6 (0.89-2.94) 0.1
30-40 127 (374) 78 (382) 12(036-142) 054
> 40 73 (21.5) 27 (13.2) 0.74 (0.78-145) 0.34

* X2 test was used in the all tests

Multiple logistic regression analysis

Table 4 shows the results of multiple logistic regression
analysis to assess the effects of different potential risk
factors for permanent and transient CH.

The use of Betadine during pregnancy (OR = 4.87, 95% CIL:
1.45-16.28), history of CH in the first-degree relatives (OR =
5.98, 95% CI: 2.04—17.48), neonatal jaundice (OR = 2.81, 95%
CI: 1.75-4.52), and parental consanguineous marriage (OR =
3.86, 95% CI: 1.92-5.74), were associated with an increased
risk of transient CH. Moreover, increased gestational age at
birth was also associated with transient CH (P = 0.001), how-
ever, we did not found a significant association between ges-
tational age and permanent CH (P = 247).
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Table 2 The relationship between permanent congenital
hypothyroidism (CH) and potential risk factors

Variables Control  Permanent CH OR (95% ClI) P value*
N=340 N=136

Parental consanguineous marriage

No 296 (87.1) 106 (77.9) 1 1

Yes 44.(129) 30 (22.1) 231 (1.6-33) 0.001
Betadine usage

No 336 (98.8) 130 (95.5) 1 1

Yes 4(1.2) 6 (44) 38(1.07-138) 0039
Sex

Boy 181 (53.2) 74 (544) 1 1

Girl 159 (46.8) 62 (56.6) 095 (0.64-142) 081
History of CH in the first degree family

No 335(985) 121 (89) 1 1

Yes 5(1.5) 15(11) 825 (293-232) 0.001
Neonatal jaundice

No 299 (87.9) 84 (61.8) 1 1

Yes 41 (12.1)  52(382) 4.5 (2.8-7.26) 0.001
Birth weight (gr)

<2500 19 (56) 21 (154) 1 1

4000-2500 308 (90.6) 110 (80.9) 0.29 (0.14-0.56) 0.01

>2500 13(938) 5(3.7) 031 (0.09-1.04) 0.059
Mother’s age (year)

<20 43 (126) 24 (17.6) 1 1

20-30 97 (285)  48(353) 16 (0.89-35) 0.1

30-40 127 (374) 41 (30.1) 1 (0.89-2.94) 0.11

> 40 73 (215)  23(169) 031 (057-18) 093

*Chi-square test was used in the all tests

Regarding the permanent CH, history of CH in the
first-degree relatives (OR = 5.09, 95% CI: 1.66-15.63),
neonatal jaundice (OR =3.89, 95% CI: 2.36-6.43), and
parental consanguineous marriage (OR=2.19, 95% CI:
1.51-3.17) were associated with an increased risk of per-
manent CH (Table 4).

Discussion
This case-control study was performed to identify the
risk factors for CH as a multifactorial disease in East
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Table 4 The results of multiple logistic regression estimation of
effects of risk factors for transient congenital hypothyroidism
(CH) and permanent congenital hypothyroidism (CH)

VARIBLE Comparison of permanent
CH and controls (Adjusted
OR, 95% Cls)

Comparison of transient
CH and controls (Adjusted
OR, 95% Cls)

Parental consanguineous marriage

No 1 1

Yes 2.19 (1.51-3.17) 3.86 (1.92-5.74)
P value 0.001 0.001
Betadine usage in pregnancy

No 1 1

Yes 29 (093-114) 4.87 (145-16.28)
Pvalue 0.135 0.01

History of CH in the first degree

No 1 1

Yes 5.09 (1.66-15.63) 5.98 (2.04-17.48)
P value 0.004 0.001
Neonatal jaundice

No 1 1

Yes 3.89 (236-6.43) 281 (1.75-4.52)
P value 0.001 0.001
Birth length

No 1 1

Yes 1.2 (0.73-1.97) 0.99 (0.65-1.53)
P value 0465 0.685
Gestational age

No 1 1

Yes 147 (0.76-2.84) 3.20 (1.90-541)
Pvalue 0247 0.001

Azerbaijan province. In this study, the incidence rate of
CH from the beginning of 2011 to the end of 2013 was
1 in 545 live births. In comparison, similar studies
around the world have reported an incidence of 1 in
2020 live births in Egypt [9], 1 in 2700 live births in Italy
[10], and 1 in 3447 live births in Australia [13]. There-
fore, it seems that the incidence rate of CH in East
Azerbaijan Province is higher than in other countries. In
Iran, a systematic review and meta-analysis study across

Table 3 Comparison of gestational age and birth length among controls, permanent and transient hypothyroidism

Variable Permanent CH Transient CH Control P
Median (Q25, Q75) Median (Q25, Q75) Median (Q25, Q75) ‘c',a,::ea
way
ANOVA
Birth length (cm) 49 (47-50) 49 (48-51) 50 (48-51) 0.002
Gestational age (week) 38 (38-40) 38 (37.2-39) 39 (38-40) 0.003
Q Quartile

@P-value indicates a significant mean difference among study groups
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all provinces revealed that the incidence rate of CH is 2
per1000 (ranged 1 to 3 in 1000) live births [6].

It is possible that high rates of consanguineous mar-
riage with an associated risk of hereditary thyroid hor-
mone deficiency and ethnicity are important factors in
increasing the incidence of CH in this province [14, 15].
The cut-off levels used in different screening programs
may also influence the incidence rate [16, 17]. For ex-
ample, the incidence of permanent CH in Greece [18]
was reported at 1:1758 and 1:2441 with TSH cut-off
levels of 10 and 20 mU/L, respectively.

Throughout Iran, a cut-off level of TSH =10 mU/L is
used for screening [19]. Therefore, it seems that the
higher incidence of CH in East Azerbaijan province is at-
tributed to other genetic and environmental factors. In
this study, we found that almost 60% neonates with CH
had transient CH. These results suggest neonates with
CH should be followed up for a longer period to rule
out transient CH. However, most studies have only in-
cluded permanent CH patients [10, 20].

This study showed that history of CH in first-degree
relatives, consanguineous marriage, neonatal jaundice,
and birth height is associated with an increased risk of
CH. Moreover, in transient CH, in addition to the
above-mentioned risk factors, the use of Betadine in the
pregnancy and the gestational age are also associated
with an increased CH risk.

One of the most important risk factors identified in
this study and other national studies [6, 21] is the history
of CH in first-degree relatives and consanguineous mar-
riage. The frequency of history of CH in relatives was
11.5% in the case group and 1.5% in the control group.
This risk factor had the highest OR for both transient
and permanent CH, which is in line with the other stud-
ies from Iran [15, 22] as well as other countries [10].
Previous studies have shown that the risk of CH is
higher in Asian families than in other races [1], which
may be related to a higher prevalence of consanguineous
marriage. These results support the evidence for the
strong effect of the genetic factors in the pathogenesis of
transient and permanent CH. The genetic disorders
causing hypothyroidism, such as dyshormonogenesis,
show an autosomal recessive transmissions pattern [23].
Therefore, a history of thyroid disease in other family
members can be one of the main risk factors for CH,
and it is important to pay attention to family history in
pregnant mothers.

In the present study, 30.9% of the neonates with transient
CH and 38.2% of the neonates with permanent CH (as
compared to 11.3% healthy controls) suffered from neo-
natal jaundice. Other similar studies have also reported a
similar association between neonatal jaundice and CH [24].

This study, consistent with the findings of a previous
study [25], showed a significant association between the
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birth length and the incidence of transient and perman-
ent CH. The incidence of permanent and transient CH
was higher amongst neonates with short height as com-
pared to neonates with normal height. Khammarnia and
colleagues also showed similar results with a two-fold in-
creased risk of CH among children with short height
than those with normal height [26].

In the present study, 53.5% of neonates with transi-
ent CH were boys and 46.5% girls, with male to fe-
male ratio of 1.14. In permanent CH, male to female
was 1.19 (54.5% boys and 45.5% girls). In our study,
there was no significant difference between male and
female sex among neonates with CH. Zainalzadeh
et al. also found no gender difference in the incidence
of CH in a study from East Azerbaijan province [27].
In most case-control studies, the sex factor has been
included as a matched variable [28]. However, other
studies indicate the role of the female gender as a
risk factor for CH [29, 30].

In this study, there was no relationship between ma-
ternal age and transient or permanent CH, similar to
previous studies showing a lack of relationship between
mother’s age and CH [14]. In contrast, Khammarnia and
colleagues [26] showed that infants born to young
mothers were at an increased risk of CH, Harris et al.
found that infants born to mothers aged 40 years or
older had an increased risk of CH [1].

This study showed no significant association between
birth weight and transient or permanent CH, as shown
by Khammarnia et al. previously [26].

In our study, Betadine usage in the pregnancy was a risk
factor for transient CH. Other studies from Iran have shown
similar results [14]. Studies have shown that iodine (present
in Betadine) has an inhibitory effect on thyroid hormone se-
cretion [31]. The use of iodine-containing substances during
pregnancy can be absorbed into the mother’s blood and se-
creted in breast milk. Therefore, newborns are more ex-
posed to iodine through the breast milk [32]. Use of
iodine-containing substances, such as vaginal Beta-
dine, due to rapid absorption through the skin and
mucosa, and immediately crossing through the pla-
centa, can cause an increase in iodine level in
mothers and, consequently, in newborns [32].

This study also showed an association between gesta-
tional age at birth and CH. Previous studies have exam-
ined the relationship between CH and gestational age at
birth. Medda et al in a study from Italy showed that only
a gestational age at birth above 41 weeks to be signifi-
cantly associated with CH [33]. In the study by Abedi
et al [34], gestational age at birth, after controlling the
effects of other variables in multiple regerssion analysis,
was not significantly associated with permanent CH;
however, gestational age at birth was found to be a risk
factor for transient CH.
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Limitations

A limitation of this study is selection bias due to the in-
formation for patients from Sarab city in the province
was not accessible and therefore had to be excluded. An-
other concern is random error; however, because of our
large sample size as compared to the previous studies, it
is likely that this bias is small. Additionally, in order to
reduce the effect of potential confounders, the case and
control groups were matched for their birth season and
birthplace.

Conclusions

The incidence rate of CH in East Azerbaijan province is
1 in 545 live births. History of CH in first degree rela-
tives, parental consanguineous marriage, neonatal jaun-
dice, and birth length are associated with an increased
risk of CH. Moreover, in transient CH, in addition to
the above risk factors, Betadine use by mothers and ges-
tational age at birth also increased the disease risk.

Abbreviation
CH: Congenital hypothyroidism

Acknowledgments

This study was adopted from a hypothesis for Master's degree in
Epidemiology, Faculty of Public Health, Iran University of Medical Sciences.
We thank the Deputy Minister of Health of East Azerbaijan Province and the
Department for the Prevention and control of Non-Obsessive Diseases of the
Provincial Health Center and all the Head of State Diseases Experts in the
Provincial Governorate who helped us collect data for this study.

Authors’ contributions

FA and SR developed idea and protocol, contributed in the interpretation of
the data, data analysis, and data collection and drafted the manuscript. LJ
and HA conceived the study, contributed in the protocol development,
technical comments, data analysis, and edited the manuscript. MT and LH
contributed in the protocol development and data collection. The authors
read and approved the final manuscript.

Funding
This study and all research sections were financially supported by Iran
University of Medical Sciences.

Availability of data and materials

The datasets generated and/or analysed during the current study are not
publicly available and the consent of the sponsoring organization is
required. It is available from the corresponding author on reasonable
request.

Declarations

Ethics approval and consent to participate

This study was approved and funded by Iran University of Medical Sciences,
Iran to number IRIUMS.FMD.RE1396.9513111001. Participants’ names and
anonymized information were entered into the electronic system only as a
code and kept strictly confidential.

Consent for publication
Not Applicable.

Competing interests
The authors declare that there is no conflict of interest and financial
disclosure.

Page 6 of 7

Author details

'Department of Epidemiology, School of Public Health, Iran University of
Medical Sciences, Tehran, Iran. “Department of Biostatistics, Faculty of Health,
Iran University of Medical Sciences, Tehran, Iran. 3Prevention and Care of
Non-communicable Diseases, Tabriz University of Medical Sciences, Tabriz,
Iran. *Research Center of Psychiatry and Behavioral Sciences, Tabriz University
of Medical Sciences, Tabriz, Iran. *Department of Epidemiology and
Biostatistics, School of Public Health, Tehran University of Medical Sciences,
Tehran, Iran. ®Department of Epidemiology, School of Public Health, Urmia
University of Medical Sciences, Urmia, Iran. “Radiology Biology Research
Center, Department of Epidemiology, School of Public Health, Iran University
of Medical Sciences, Tehran, Iran.

Received: 22 September 2020 Accepted: 26 April 2021
Published online: 05 May 2021

References

1. Harris KB, Pass KA. Increase in congenital hypothyroidism in New York state
and in the United States. Mol Genet Metab. 2007;91(3):268-77. https://doi.
0rg/10.1016/jymgme.2007.03.012.

2. Deng K He C, Zhu J, Liang J, Li X, Xie X, et al. Incidence of congenital
hypothyroidism in China: data from the national newborn screening
program, 2013-2015. J Pediatr Endocrinol Metab. 2018;31(6):601-8. https://
doi.org/10.1515/jpem-2017-0361.

3. Karamizadeh Z, Saneifard H, Amirhakimi G, Karamifar H, Alavi M. Evaluation
of congenital hypothyroidism in Fars province, Iran. Iran J Pediatr. 2012;
22(1):107-12.

4. Hashemipour M, Hovsepian S, Kelishadi R, Iranpour R, Hadian R, Haghighi S,
et al. Permanent and transient congenital hypothyroidism in Isfahan-Iran. J
Med Screen. 2009;16(1):11-6. https://doi.org/10.1258/jms.2009.008090.

5. Zeinalzadeh A, Kousha A, Talebi M, Akhtari M. Screening for congenital

hypothyroidism in East Azerbaijan province, Iran. J Kerman Univ Med Sci.

2011;18(4):301-8.

Veisani Y, Sayehmiri K, Rezaeian S, Delpisheh A. Congenital hypothyroidism

screening program in Iran; a systematic review and metaanalysis. Iran J

Pediatr. 2014;24(6):665-72.

7. Zhang Y, Du C, Wang W, Chen W, Shao P, Wang C, et al. Effect of maternal
and neonatal factors on neonatal thyroid stimulating hormone: results from
a population-based prospective cohort study in China. J Trace Elem Med
Biol. 2018;49:151-6. https://doi.org/10.1016/}.jtemb.2018.05.008.

8. Yang H, Qiu L, Zhao J, Yang N, Gong L, Kong Y. Epidemiologic
characteristics and risk factors for congenital hypothyroidism from 1989 to
2014 in Beijing. Zhonghua yu fang yi xue za zhi [Chin J Prev Med]. 2016;
50(8):728-32.

9. Abdelmoktader AM. Risk factors for congenital hypothyroidism in Egypt:
results of a population case-control study (2003-2010). Ann Saudi Med.
2013;33(3):273-6. https://doi.org/10.5144/0256-4947.2013.273.

10. Olivieri A, Medda E, De Angelis S, Valensise H, De Felice M, Fazzini C, et al.
High risk of congenital hypothyroidism in multiple pregnancies. J Clin
Endocrinol Metab. 2007,92(8):3141-7. https://doi.org/10.1210/jc.2007-0238.

11. Delgado JA, Bauca JM, Esteban GP, Jaume MC, Bauza JR. Challenges in
screening for congenital hypothyroidism: optimization of thyrotropin
cut-off values. Clin Chim Acta. 2021;512:20-5. https://doi.org/10.1016/j.
€ca.2020.11.009.

12.  Azizi H, Davtalab-Esmaeili E, Farahbakhsh M, Zeinolabedini M, Mirzaei Y,
Mirzapour M. Malaria situation in a clear area of Iran: an approach for the
better understanding of the health service providers' readiness and
challenges for malaria elimination in clear areas. Malar J. 2020;19(1):1-10.

13. Kurinczuk J, Bower C, Lewis B, Byrne G. Congenital hypothyroidism in
Western Australia 1981-1998. J Paediatr Child Health. 2002;38(2):187-91.
https://doi.org/10.1046/).1440-1754.2002.00812.x.

14.  Keshavarzian E, Valipoor AA, Maracy MR. The incidence of congenital
hypothyroidism and its determinants from 2012 to 2014 in Shadegan, Iran:
a case-control study. Epidemiol Health. 2016;38. https://doi.org/104178/
epih.e2016021.

15. Karamizadeh Z, Dalili S, Sanei-Far H, Karamifard H, Mohammadi H,
Amirhakimi G. Does congenital hypothyroidism have different etiologies in
Iran? Iran J Pediatr. 2011;21(2):188-92.

16.  LaFranchi, Stephen H. Increasing Incidence of Congenital Hypothyroidism:
Some Answers, More Questions. J Clin Endocrinol Metab. 2011,96(8):2395-7.
https://doi.org/10.1210/jc.2011-1850.

o


https://doi.org/10.1016/j.ymgme.2007.03.012
https://doi.org/10.1016/j.ymgme.2007.03.012
https://doi.org/10.1515/jpem-2017-0361
https://doi.org/10.1515/jpem-2017-0361
https://doi.org/10.1258/jms.2009.008090
https://doi.org/10.1016/j.jtemb.2018.05.008
https://doi.org/10.5144/0256-4947.2013.273
https://doi.org/10.1210/jc.2007-0238
https://doi.org/10.1016/j.cca.2020.11.009
https://doi.org/10.1016/j.cca.2020.11.009
https://doi.org/10.1046/j.1440-1754.2002.00812.x
https://doi.org/10.4178/epih.e2016021
https://doi.org/10.4178/epih.e2016021
https://doi.org/10.1210/jc.2011-1850

Abbasi et al. Thyroid Research

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

32.

33.

34.

(2021) 14:11

Lain S, Trumpff C, Grosse SD, Olivieri A, Van Vliet G. Are lower TSH cutoffs in
neonatal screening for congenital hypothyroidism warranted? Eur J
Endocrinol. 2017;177(5):D01-D12. https://doi.org/10.1530/EJE-17-0107.
Mengreli C, Kanaka-Gantenbein C, Girginoudis P, Magiakou M-A,
Christakopoulou |, Giannoulia-Karantana A, et al. Screening for congenital
hypothyroidism: the significance of threshold limit in false-negative results. J
Clin Endocrinol Metab. 2010;95(9):4283-90. https://doi.org/10.1210/jc.2010-
0057.

Ford GA, Denniston S, Sesser D, Skeels MR, LaFranchi SH. Transient versus
permanent congenital hypothyroidism after the age of 3 years in infants
detected on the first versus second newborn screening test in Oregon,
USA. Hormone Res Paediatr. 2016,86(3):169-77. https://doi.org/10.1159/
000448658.

Parks JS, Lin M, Grosse SD, Hinton CF, Drummond-Borg M, Borgfeld L, et al.
The impact of transient hypothyroidism on the increasing rate of congenital
hypothyroidism in the United States. Pediatrics. 2010;125(Supplement 2):
S54-63.

Ordookhani A, Hedayati M, Mirmiran P, Hajipour R, Azizi F. High prevalence
of neonatal hypothyroidism in Tehran. Iranian J Endocrinol Metab. 2000;2(4):
263-77.

Dorreh F, Chaijan PY, Javaheri J, Zeinalzadeh AH. Epidemiology of
congenital hypothyroidism in Markazi Province, Iran. J Clin Res Pediatr
Endocrinol. 2014;6(2):105-10. https://doi.org/10.4274/Jcrpe.1287.

Grasberger H, Refetoff S. Genetic causes of congenital hypothyroidism due
to dyshormonogenesis. Curr Opin Pediatr. 2011;23(4):421-8. https;//doi.
0rg/10.1097/MOP.0b013e32834726a4.

Hinton CF, Harris KB, Borgfeld L, Drummond-Borg M, Eaton R, Lorey F, et al.
Trends in incidence rates of congenital hypothyroidism related to select
demographic factors: data from the United States, California, Massachusetts,
New York, and Texas. Pediatrics. 2010;125(Supplement 2):537-47.
Yarahmadi S, Azhang N. A success story: review of the implementation and
achievements of the National Newborn Screening Program for congenital
hypothyroidism in Iran. Int J Endocrinol Metab. 2020;18(2):¢99099.
Khammarnia M, Siakhulak FR, Ansari H, Peyvand M. Risk factors associated
with congenital hypothyroidism: a case-control study in Southeast Iran.
Electron Physician. 2018;10(2):6286-91. https://doi.org/10.19082/6286.
Zeinalzadeh AH, Talebi M. Neonatal screening for congenital
hypothyroidism in East Azerbaijan, Iran: the first report. J Med Screen. 2012
19(3):123-6. https.//doi.org/10.1258/jms.2012.012024.

Bucher H, Prader A, lllig R. Head circumference, height, bone age and
weight in 103 children with congenital hypothyroidism before and during

thyroid hormone replacement. Helvetica Paediatrica Acta. 1985;40(4):305-16.

Rezaeian S, Khazaei S, Hooshmand E, Esmailnasab N. Gender and risk of
congenital hypothyroidism: a systematic review and meta-analysis. Int J
Pediatr. 2017,5(12):6703-12.

Kocova M, Anastasovska V, Sukarova-Angelovska E, Tanaskoska M, Taseva E.
Clinical practice: experience with newborn screening for congenital
hypothyroidism in the republic of Macedonia - a multiethnic country. Eur J
Pediatr. 2015;174(4):443-8. https://doi.org/10.1007/500431-014-2413-4.
Connelly KJ, Boston BA, Pearce EN, Sesser D, Snyder D, Braverman LE, et al.
Congenital hypothyroidism caused by excess prenatal maternal iodine
ingestion. J Pediatr. 2012;161(4):760-2. https://doi.org/10.1016/jjpeds.2012.
05.057.

Chanoine J-P, Boulvain M, Bourdoux P, Pardou A, Van Thi HV, Ermans AM,
et al. Increased recall rate at screening for congenital hypothyroidism in
breast fed infants born to iodine overloaded mothers. Arch Dis Child. 1988;
63(10):1207-10. https://doi.org/10.1136/adc.63.10.1207.

Medda E, Olivieri A, Stazi MA, Grandolfo ME, Fazzini C, Baserga M, et al. Risk
factors for congenital hypothyroidism: results of a population case-control
study (1997-2003). Eur J Endocrinol. 2005;153(6):765-73. https://doi.org/10.1
530/eje.1.02048.

Abedi M, Shahsavari S, Salehi R, Hedayati Nia S, Nasrollahi S, Sadeghi S, et al.
The study of prevalence and risk factors of hypothyroidism in newborn
screening program in Sanandaj city in 2009-2014. Zanko J Med Sci. 2015;
15(47):46-51.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 7 of 7

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions


https://doi.org/10.1530/EJE-17-0107
https://doi.org/10.1210/jc.2010-0057
https://doi.org/10.1210/jc.2010-0057
https://doi.org/10.1159/000448658
https://doi.org/10.1159/000448658
https://doi.org/10.4274/Jcrpe.1287
https://doi.org/10.1097/MOP.0b013e32834726a4
https://doi.org/10.1097/MOP.0b013e32834726a4
https://doi.org/10.19082/6286
https://doi.org/10.1258/jms.2012.012024
https://doi.org/10.1007/s00431-014-2413-4
https://doi.org/10.1016/j.jpeds.2012.05.057
https://doi.org/10.1016/j.jpeds.2012.05.057
https://doi.org/10.1136/adc.63.10.1207
https://doi.org/10.1530/eje.1.02048
https://doi.org/10.1530/eje.1.02048

	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Method
	Study design
	Case subjects
	Control subjects
	Data collection
	Statistical analysis

	Results
	Risk factors associated with transient CH
	Risk factors associated with permanent CH
	Multiple logistic regression analysis

	Discussion
	Limitations
	Conclusions
	Abbreviation
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

