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Abstract

Background: Congenital hypothyroidism (CH), as one of the most common endocrine disorders, is a preventable cause of mental
retardation.
Objective: This study aimed to identify familial-related risk factors for CH in Iranian newborns.
Methods: A population-based case-control study was performed on the National Registry System of patients with CH in Iran. In
this study, 906 controls and 454 cases were studied for one year. Familial related factors were investigated using logistic regression
models. Population attributable fraction (PAF) was also calculated for each significant risk factor.
Results: Using multivariate analysis, an increased risk for CH was observed in patients with congenital anomalies (odds ratio (OR):
5.77, 95% confidence interval (CI): 2.37 - 14.01), history of mental retardation in family (OR:2.10, 95% CI: 1.15-3.83), mother’s hypothy-
roidism during pregnancy (OR: 2.01, 95% CI: 1.33 - 3.03), intra-family marriage (OR:1.49, 95% CI: 1.18 - 1.89), gestational diabetes (OR:
1.69, 95% CI: 1.09 - 2.63), having a hypothyroid child in the family (OR: 2.48, 95% CI: 1.39 - 4.42), and twins or more (OR: 2.61, 95% CI: 1.31
- 5.21). The highest PAF among familial-related risk factors for CH is related to the intra-family marriage (14.9%).
Conclusions: This study revealed that familial-related risk factors and consanguine marriages play an essential role in the high
incidence of CH in Iran. About 15% of CH in Iran could be attributed to intra-family marriage alone.

Keywords: Congenital Hypothyroidism, Newborn Screening Program, Familial Risk Factor, Intra-family Marriage, Population
Attributable Fraction

1. Background

Congenital hypothyroidism (CH) as a partial or com-

plete loss of function of the thyroid gland affects neonates

from birth (1). In this disease, the function of iodine-

containing hormones that have an important role in

metabolism, regulating growth, and brain development

is disrupted due to inadequate thyroid hormone produc-

tion that can be resulted from an inborn error of thyroid

metabolism, defect in the gland, and iodine deficiency (2,

3). The clinical manifestations of CH are often subtle and,

in more cases, not present at birth, likely because of the

transplacental passage of maternal thyroid hormones. In-

creased sleep and decreased activity, feeding difficulty, con-

stipation, and prolonged jaundice are common symptoms

of children with CH (4, 5). According to new evidence,

CH can be a risk factor for central hearing process disor-

ders (6). This endocrine disorder can be detected on new-

born screening, and infants who are identified in the first

month have the best prognosis for optimal mental devel-

opment (7).

Newborn screening programs for CH, which are pri-

marily implemented in developed countries, provide the

opportunity to investigate the pathogenesis and etiology

of CH (8). Prior to the newborn screening program, the

diagnosis of CH was based on clinical signs and symp-

toms, and the incidence was 1:7,000 to 1:10,000 (9). Accord-

ing to the current evidence, the recall rates of neonates,

vary from 0.01% to 13.3% in different countries (10). Based

on the reports obtained from data of national newborn

screening programs in many regions, especially in the de-

veloped countries, CH occurs in approximately 1:2000 to
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1:4000 newborns in many areas of the world, whereas CH

incidence in Iran is higher. In Iran, where CH incidence

is 1:650 live births, the national neonatal screening pro-

gram for CH was established in 2004 and progressively de-

veloped all over the country (11, 12). All the Iranian pub-

lic health centers that participate in the national screen-

ing program are responsible for newborn screening, treat-

ment, and follow-up of children with CH. The success of

CH treatment in Iran has been reported in a previous study

(13).

The incidence of CH in Iran is much higher than in

many other countries and the global average (14). Differ-

ent familial and environmental factors can influence this

high incidence. In fact, CH is a multifactorial disease, so

that many environmental, familial, and autoimmune fac-

tors play a role in its pathogenesis (15, 16). Previous studies

about the role of autoimmune factors in the Iranian pop-

ulation revealed no significant role in the pathogenesis of

CH (17). Undeniably, identifying CH risk factors is crucial

to improving the surveillance system of CH in the country

and can help policymakers to plan and conduct pertinent

intervention programs to control the high occurrence of

this congenital disorder in the country. Regarding the en-

vironmental factors, the role of iodine deficiency or excess

iodine intake was investigated. Iodine deficiency had no

significant role in this regard (15).

2. Objectives

The main aim of this population-based case-control

study was to clarify the role of gestational diabetes and

familial-related risk factors in the occurrence of CH in Iran.

3. Methods

3.1. Study Design and Population

The present research was a population-based case-

control study conducted in Iran in 2018. The popu-

lation included Iranian newborns (under 28 days) that

were screened by the national newborn screening pro-

gram. Study participants included 454 cases and 906 age-

, sex, and socio-economic-matched controls who were en-

rolled from 18 medical universities located in 12 of the

31 provinces in Iran that observed a high incidence of

CH. Approximately two age-matched (± 1 month) and

socio-economic-matched (with same geographical loca-

tion) controls were recruited per case based on specific cri-

teria. The first control per case was sex-matched, and the

second control per case was not sex-matched. The study en-

rolment started in June-2018 and was carried out for eight

months. It is noteworthy that only newly diagnosed chil-

dren with CH screened by the public health centers were

included in our study. The screening test for CH in the

Iran national newborn screening program is performed on

dried blood spots on filter paper (S&S 903), and thyroid-

stimulating hormone (TSH) is measured primarily as the

screening test. The positive results in the first screening

test were subsequently confirmed by serum TSH and T4/

Free T4. The controls were infants born in the same ma-

ternity clinic where a new CH case was born. They were re-

cruited a month before or after the CH diagnosis was con-

firmed. As mentioned earlier, the socioeconomic factor is

another significant factor by which we matched cases and

controls so that cases and controls in this study were resi-

dents of the same region where the screening centers were

located.

3.2. Data Collection

A structured checklist was administrated to gather the

demographic and clinical data in the same way in cases

and controls. All mothers of participants were tested for

thyroid function through measurement of TSH and T4 hor-

mones.

Other variables, including parents’ job, smoking sta-

tus, newborn sex, gestational age at birth (term/pre-

term), birth delivery type (vaginal/cesarean section), and

familial-related factors such as congenital anomalies, his-

tory of mental retardation in the family, intra-family mar-

riage, gestational diabetes/diabetes mellitus in mother,

and having a hypothyroid child in the family, were gath-

ered from hospital records and interviews with the chil-

dren’s’ parents. To collect the latter data, the parents

were interviewed by trained interviewers and provided

their written informed consent prior to participation in

the study. The design and protocol of conducting this

study were evaluated and confirmed by the ethics com-

mittee of the Kurdistan University of Medical Sciences (ID:

IR.MUK.REC.1396.153).

3.3. Statistical Methods

Data were analyzed by STATA software (version 13) us-

ing descriptive and analytical techniques. Univariate as-

sociations were explored using the Mann-Whitney U test,

Pearson’s Chi-square test, and frequency table. To con-

trol the potential confounders, the possible association

between familial profiles and CH were investigated using
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multiple logistic regression. Finally, the population at-

tributable fraction (PAF) was calculated using Miettinen’s

equation for each significant risk factor. All the statistical

tests were two-sided, and a P-value < 0.05 was used to de-

termine statistical significance.

4. Results

Over the course of the study, a total of 1360 infants, in-

cluding 454 hypothyroid (cases) and 906 healthy (control)

children, were included in the research and analyses. Two-

hundred and forty (52.9%) girls and 446 (49.2%) of the stud-

ied children were boys in the case and control groups, re-

spectively. The participants were selected from 18 medical

universities in 12 provinces of Iran (Table 1).

The distribution of various studied factors, demo-

graphic characteristics, and familial-related factors are

summarized in Table 2. As observed in Table 2, the associ-

ation between demographic variables and CH was not sig-

nificant in the univariate analysis, while the relationship

between CH occurrence and all the investigated familial-

related variables was statistically significant (P < 0.05).

To further explore the potential association between

familial/genetic factors and CH, multivariate analysis was

conducted using logistic regression (Table 3). As indicated

in Table 3, multilevel logistic regression showed that con-

genital anomalies are the most influential risk factor for

congenital hypothyroidism in Iran, so that the chance of

congenital hypothyroidism event in children who have

congenital anomalies is 5.77 times higher than children

without anomalies. Twins or multiple pregnancies (OR =

2.61, 95% CI: 1.31 - 5.21), having a hypothyroid child in the

family (OR = 2.48, 95% CI: 1.39 - 4.42), history of mental retar-

dation in the family (OR = 2.10, 95% CI: 1.15 - 3.83), hypothy-

roidism in mothers during pregnancy (OR = 2.01, 95%CI: 1.33

- 3.03), gestational diabetes (OR = 1.69, 95% CI: 1.09 - 2.63),

and intra-family marriage (OR = 1.49, 95% CI: 1.18 - 1.89), are

other significant risk factors of CH.

The model 2 is a multiple logistic regression model ad-

justed for some of the covariates while the model 3 is a mul-

tilevel multiple logistic regression model with similar co-

variates, that universities have been considered as level of

sampling and run as random intercept model.

Since PAF is one of the most important parameters for

assessing the effects of risk factors and evaluating the po-

tential outcome of preventive strategies at the commu-

nity level, the value of PAF was calculated for each signifi-

cant variable based on the prevalence of each risk factor in

the patient group. The prevalence of familial-related risk

factors, according to the studied groups, is shown in Fig-

ure 1. Among all the evaluated risk factors, the prevalence

of intra-family marriage is higher, 41.9%, and 33.2% in the

case and control groups, respectively. The intra-family mar-

riage risk factor had the highest PAF (14.15%) among all the

seven investigated familial factors. The PAF values for other

risk factors are provided in Table 4.

5. Discussion

The results obtained from the present study, which

is the first community-based case-control approach with

adequate sample size, showed that some familial-related

factors such as congenital anomalies, history of mental

retardation in the family, mother’s hypothyroidism dur-

ing pregnancy, intra-family marriage, gestational diabetes,

having a hypothyroid child in the family, and twins or

more, are considered significant risk factors for the high

incidence of CH in Iran.

The results showed that congenital anomalies are one

of the risk factors of CH (OR: 5.7, 95%CI: 2.37 - 14.01). The find-

ing is consistent with the study by Emanuela Medda et al.

that reported that birth defects (OR:7.5, 95%CI: 2.9 - 19.0) are

one of the main risk factors for CH (18).

One of the most important results of our study was the

high frequency of intra-family marriage among parents of

hypothyroid children. In general, the rate of intra-family

marriages, consanguineous marriages in Iranian society

is high (19), so its prevalence among CH and healthy chil-

dren in our study was 41.9% and 33.2%, respectively. The

risk of CH in children born from parents engaged in an

intra-family marriage (consanguinity among parents) is

significantly 1.5 times higher than others. Our results con-

firmed the findings of a previous study by Hashemipour

et al. in the Isfahan province of Iran that showed a signifi-

cant association between parental consanguinity and CH.

According to their results, CH was significantly higher in

newborns with 1st cousin parental consanguinity than 2nd

cousin parental consanguinity (20).

The other risk factor for CH in this study was a twin or

multiple pregnancies, so that the chance of CH occurrence

in twin or multiple pregnancies was 2.61 times higher than

other infants. This finding is consistent with other stud-

ies conducted in the southwest Khuzestan province of Iran

(21) and is supported by several studies in other countries

(22-24). The results also indicated that gestational diabetes

Int J Endocrinol Metab. 2021; 19(1):e104889. 3
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Table 1. Study Participants According to the Province and University of Medical Science Sampling

Province University Name
Groups, No. (%)

Total, No. (%)
Case Control

Kurdistan Kurdistan 95 (20.9) 190 (21.0) 285 (21.0)

Chaharmahal and Bakhtiari Shahr-e Kord 32(7.0) 64 (7.1) 96 (7.1)

Markazi Arak 24 (5.3) 48 (5.3) 72 (5.3)

Bushehr Bushehr 32 (7.0) 64 (7.1) 96 (7.1)

Zanjan Zanjan 32 (7.0) 64 (7.1) 96 (7.1)

Kohgiluyeh and Boyer-Ahmad Yasuj 28 (6.2) 56 (6.2) 84 (6.2)

Lorestan Lorestan 23 (5.1) 46 (5.1) 69 (5.1)

North Khorasan Esfarayen 6 (1.3) 12 (1.3) 18 (1.3)

Kerman Kerman 21 (4.6) 42 (4.6) 63 (4.6)

Kerman Jiroft 15 (3.3) 30 (3.3) 45 (3.3)

Kerman Rafsanjan 19 (4.2) 38 (4.2) 57 (4.2)

Kerman Bam 11 (2.4) 22 (2.4) 33 (2.4)

Khuzestan Dezful 23 (5.1) 45 (5.0) 68 (5.0)

Khuzestan Abadan 14 (3.1) 28 (3.1) 42 (3.1)

Razavi Khorasan Gonabad 2 (0.4) 4 (0.4) 6 (0.4)

Razavi Khorasan Sabzevar 29 (6.4) 58 (6.4) 87 (6.4)

Fars Shiraz 41 (9.0) 81 (8.9) 122 (9.0)

Fars Larestan 7 (1.5) 14 (1.5) 21 (1.5)

Total 454 (100) 906 (100) 1360 (100)
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Figure 1. Prevalence of gestational diabetes and familial-related risk factors according to the studied groups.
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Table 2. Demographic Characteristics and Familial-Related Factors of Study Participants a

Demographic Characteristics Category Control (N = 906) Case (N = 454) P-Value

Mother’s age (year), mean ± SD (range) 28.8 ± 5.8 (15 - 48) 29.4 ± 6.2 (14 - 44) 0.1b

Mother smoking

No 893 (98.6) 449 (98.9) 0.6c

Yes 13 (1.4) 5 (1.1)

Mother’s job

Unoccupied (housewife) 839 (92.6) 421 (92.7) 0.9c

Occupied 67 (7.4) 33 (7.3)

Father smoking

No 704 (77.7) 331 (72.9) 0.05c

Yes 202 (22.3) 123 (27.1)

Sex

Boy 446 (49.2) 240 (52.9) 0.2c

Girl 460 (50.8) 214 (47.1)

Birth/delivery type

Natural 531 (58.6) 264 (58.1) 0.2c

Unplanned cesarean 297 (32.8) 163 (35.9)

Scheduled cesarean 78 (8.6) 27 (5.9)

Familial-Related Factors and Gestational Diabetes

Congenital anomalies

No 899 (99.2) 435 (95.8) < 0.001c

Yes 7 (0.8) 19 (4.2)

History of mental retardation in the family

No 883 (97.5) 429 (94.5) 0.005c

Yes 23 (2.5) 25 (5.5)

Hypothyroidism during pregnancy

No 852 (94.0) 403 (88.8) 0.001c

Yes 54 (6.0) 51 (11.2)

Intra-family marriage

No 605 (66.8) 264 (58.1) 0.002c

Yes 301 (33.2) 190 (41.9)

Gestational Diabetes

No 854 (94.3) 410 (90.3) 0.007c

Yes 52 (5.7) 44 (9.7)

Having a hypothyroid child in the family

No 883 (97.5) 426 (93.8) 0.001c

Yes 23 (2.5) 28 (6.2)

Twins or multiple pregnancy

No 890 (98.2) 434 (95.6) 0.004c

Yes (≥ 2) 16 (1.8) 20 (4.4)

aValues are expressed as No. (%) unless otherwise indicated.
b Mann-Whitney U test.
cChi-square Test.

is considered a risk factor for CH. Although in a study con-

ducted by Medda in the Italian population, diabetes was in-

troduced as a risk factor for CH (18), we did not find further

studies to support this finding in the literature. Hence, we

suggest conducting further studies regarding possible re-

lationships between gestational diabetes and CH.

We found that 36.19% of CH in Iran could be attributed

to familial factors such as congenital anomalies, history

of mental retardation in the family, the mother’s hypothy-

roidism during pregnancy, intra-family marriage, gesta-

tional diabetes, and having a CH child in the family. Among

these risk factors, the role of intra-family marriage with

Int J Endocrinol Metab. 2021; 19(1):e104889. 5



Yarahmadi S et al.

Table 3. The Association of Gestational Diabetes, Some Familial-Related Factors and CH by Multiple Logistic Regression Modeling a

Category
Logistic Regression (Model 1) Logistic Regression (Model 2) Logistic Regression (Model 3)

OR (95 %CI) P-Value OR (95 %CI) P-Value OR (95 %CI) P-Value

Congenital anomalies < 0.001 < 0.001 < 0.001

No Base category Base category Base category

Yes 5.61 (2.31 - 13.63) 5.74 (2.36 - 13.97) 5.77 (2.37 - 14.01)

History of mental retardation in
the family

0.02 0.02 0.01

No Base category Base category Base category

Yes 2.04 (1.12 - 3.69) 2.04 (1.12 - 3.72) 2.10 (1.15 - 3.83)

Hypothyroidism during
pregnancy

0.001 0.001 0.001

No Base category Base category Base category

Yes 2.01 (1.33 - 3.03) 2.02 (1.34 - 3.05) 2.01 (1.33 - 3.03)

Intra-family marriage 0.001 0.001 0.001

No Base category Base category Base category

Yes 1.48 (1.17 - 1.88) 1.51 (1.19 - 1.92) 1.49 (1.18 - 1.89)

Gestational diabetes 0.01 0.03 0.02

No Base category Base category Base category

Yes 1.75 (1.14 - 2.69) 1.62 (1.05 - 2.52) 1.69 (1.09 - 2.63)

Having a hypothyroid child in
the family

0.003 0.002 0.002

No Base category Base category Base category

Yes 2.43 (1.37 - 4.32) 2.46 (1.38 - 4.39) 2.48 (1.39 - 4.42)

Twins or multiple pregnancy 0.006 0.006 0.007

No Base category Base category Base category

Yes 2.61 (1.32 - 5.16) 2.64 (1.32 - 5.25) 2.61 (1.31 - 5.21)

Abbreviation: OR: Odds ratio
aModel 1: Familial profiles; Model 2: Familial profiles + type of childbirth/delivery + father smoking + mother’s age; Model 3: Familial profiles + type of childbirth/delivery
+ father smoking + mother’s age (variable level = medical universities, method: random intercept).

Table 4. The Value of Population Attributable Fraction for Each Studied Variable

Variable/ Familial Profiles Prevalence in Patient Group (%) Odds Ratio (Model 2) PAF (%) a

Congenital anomalies 4.2 5.74 3.47

History of mental retardation in the family 5.5 2.04 2.80

Hypothyroidism during pregnancy 11.2 2.02 5.65

Intra-family marriage 41.9 1.51 14.15

Gestational Diabetes 9.7 1.62 3.71

Having a CH child in the family 6.2 2.46 3.68

Twins or multiple pregnancy 4.4 2.64 2.73

aPopulation attributable fraction (PAF) calculated using the Miettinen’s equation and approximated for the case-control study.

6 Int J Endocrinol Metab. 2021; 19(1):e104889.



Yarahmadi S et al.

PAF = 14.9% is remarkable. In general, our findings actively

addressed the role of familial factors as dominant etiologic

factors in CH; albeit, it could not entirely ignore the possi-

ble role of autoimmune and environmental factors in the

development and function of the thyroid gland and CH.

To the best of our knowledge, this is the first etiological

research conducted with an incidence population-based

case-control approach with the aim of identifying the most

relevant familial-related risk factors for CH in Iran and

other countries of the Middle East region. Another advan-

tage of this study is that it assessed the hypothyroidism of

mothers during pregnancy and its subsequent role in CH.

Additionally, in this research, for the first time, we calcu-

lated the PAF for seven familial-related risk factors. As a

limitation for our study, we did not have the data to evalu-

ate other important risk factors of CH e.g., maternal iodine

status by urinary iodine measurement and iodine supple-

mentation with iodofolic that have been evaluated in pre-

vious studies (25).

5.1. Conclusion

This study provides evidence regarding the role of

familial-related factors in CH. According to the obtained

data, we can conclude that gestational diabetes and

some familial-related factors such as congenital anoma-

lies, parental consanguinity marriage, history of mental

retardation in the family, mother’s hypothyroidism dur-

ing pregnancy, having a hypothyroid child in the family,

twin or multiple pregnancies, play an important role in the

occurrence to CH in Iran. Although many risk factors are

hardly modifiable, the calculation of PAF for each of the

risk factors in this research can help health policymakers

conduct pertinent intervention programs and improve CH

surveillance.
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