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Objective: To explore the risk factors for neonatal congenital hypothyroidism (CH) and the influencing factors of false-positive
results in CH screening.

Methods: In this study, 255 neonatal patients with CH who completed the screening and further diagnosis and 366 neonates with
positive CH screening results and normal thyroid function were selected as the case group. 246 healthy neonates with normal thyroid
function were selected as the control group. Gestational age, birth-weight, maternal age, small for gestational age (SGA), perinatal
factors (gestational thyroid dysfunction, gestational diabetes mellitus, etc.) were used as influencing factors, using 4 tests were
performed for comparison. The statistically significant variables were analyzed with Logistic multiple regression models, and the
difference was considered statistically significant (P<0.05).

Results: There were statistical differences in the SGA, maternal gestational diabetes mellitus, thyroid disease, and the proportion
using assisted reproduction technology among the case group, false-positive screening group, and control group (y*> was 11.943, 6.857,
6.999, 9.732, respectively, P < 0.05). The results of multivariate logistic regression analysis showed that the gestational thyroid disease
(OR = 8.452, 95% CI:1.051-67.982), gestational diabetes mellitus (OR = 2.654, 95% CI:1.051-6.706), and assisted reproduction (OR
=0.194, 95% CI:0.041-0.911) were the influencing factors for neonatal CH, and the difference was statistically significant (P < 0.05).
The SGA (OR = 2.556, 95% CI:1.027-6.361), gestational thyroid disease (OR = 7.801, 95% CI:1.03-59.057), gestational diabetes
mellitus (OR = 2.731, 95% CI:1.18-6.322), and assisted reproduction (OR = 0.28, 95% CI:0.102—0.765) were the influencing factors
of the false-positive screening results of neonatal CH. The difference was statistically significant (P < 0.05).

Conclusion: Neonatal CH and positive screening results are influenced by assisted reproduction, gestational thyroid dysfunction,
gestational diabetes mellitus, and SGA.
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Introduction

Congenital hypothyroidism (CH) is a common endocrine disease in neonates. The most common causes of the disease
are thyroid dysplasia and thyroid hormone synthesis disorders, which prevent the thyroid gland from producing sufficient
thyroid hormones to meet the body’s needs.' CH is one of the most common preventable causes of nervous system
developmental disorders. Most neonates with CH usually have a normal appearance and non-specific clinical symptoms
and signs. Early screening, diagnosis, and treatment can significantly improve the prognosis of neonatal patients with

CH.? CH screening of neonates has been widely conducted in many countries worldwide. With the increase in neonatal
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screening items, the sensitivity of thyrotropin (TSH) detection, and the survival rate of premature infants, the incidence
of CH has also increased worldwide.’

The combination of genetic and environmental factors leads to neonatal CH. Since CH mainly occurs in utero,
maternal gestational factors and fetal growth and development are closely related to neonatal CH. Some studies have
shown that modifiable environmental risk factors such as air pollution and perfluoroalkyl group contribute to the
emergence of CH.* Therefore, the causes of CH may be mitigated by studying the perinatal factors associated with
CH. A meta-analysis showed that advanced maternal age, gestational thyroid disease, gestational diabetes mellitus,
gestational anxiety, gestational drugs, radiation exposure during the gestation period, family history of thyroid disease,
low birth weight, macrosomia, premature infant, post-term infant, twins and multiple births, and birth defects increase the
risk of neonatal CH.°

In addition, the neonatal thyroid function of small for gestational age (SGA) is less mentioned. SGA refers to infants
whose birth weight is below the 10th percentile of the average weight for the same gestational age. The main
characteristics of SGA are the changes in various pathophysiological mechanisms and endocrine metabolism. The
thyroid level of full-term SGA is significantly lower than that of full-term appropriate for gestational age (AGA)
infants.” The SGA status is a surrogate marker for intrauterine growth restriction (IUGR), which is usually the result
of placental hypoxia and fetal malnutrition. Studies have speculated that malnutrition affects the synthesis of thyroid
hormones by reducing the availability of phenylalanine and tyrosine, which results in hypothyroidism. This endocrine
metabolic state is associated with reduced oxygen consumption, which has an advantage in malnutrition or growth
retardation.

With the development of neonatal screening, the early detection rate of neonatal CH has significantly improved.
However, in addition to CH, ignorance of influencing factors of free thyroxine (FT4) and TSH in screening, leads to
false-positive and negative results. For example, TSH physiologically surges in the first one to two days after birth and
is gradually normalized. Thus, if the specimen is collected within 24 h after birth without considering collection time,
the increase in TSH is considered to be cause by CH, thereby leading to false-positive results.® Birth weight, premature
birth, and gender, influence T4 and TSH values. Low or premature birth weight infants show delayed TSH elevation
due to the immature hypothalamic-pituitary axis.”'® Due to the natural differences in thyroid hormone levels between
infant boys and infant girls, infant boys are more likely to show false-positive results in screening.'' Maternal
gestational factors are known to impact fetal thyroid function, but whether they affect the CH screening results, is
unknown.

In this study, we intend to analyze the perinatal factors of neonatal patients with CH and neonates with false-positive
results in preliminary CH screening, to explore the risk factors for CH and the influencing factors of false-positive results
in CH screening.

Data and Methods
General Study

A total of 255 neonatal patients with CH who completed the screening and further diagnosis from our hospital
January 2016 to December 2021 were selected as the case group. Healthy neonates were randomly selected based on
a 1:1 pairing principle as the control group and the matching conditions were as follows: 1) the screening results of
neonatal diseases, including CH, phenylketonuria, congenital adrenal cortical hyperplasia, G6PD deficiency, and thalas-
semia, were negative; 2) they were of the same gender and date of birth as neonatal patients with CH. 3) they had no
history of birth defects, birth injuries by suffocation, neonatal infection, and others at birth. In this study, 246 neonates
were included as the control group. Data of a total of 366 neonates with positive CH screening results and normal thyroid
function during the reexamination were collected. Observational indicators in this study included gestational age, birth
weight, maternal gestational age, maternal pregestational BMI, gestational method, and gestational disease. All guardians
of the tested children were aware of the study content, signed the informed consent, and were approved by the hospital’s
ethics committee.
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Screening and Diagnostic Methods

The heel blood was collected using dried blood spots 48 h—7 days after the birth of neonates to test the thyroid
stimulating hormone (TSH) level. If TSH > 8.5 plU/mL, the screening results were positive. Neonates with positive
screening results were called back for reexamination of thyroid function. The thyroid function detection indexes mainly
included serum TSH, FT4, and free triiodothyronine (FT3). Diagnosis and treatment were conducted based on guidelines
on neonatal CH.'?

Statistical Methods

Data were processed using SPSS 19.0 software. Enumeration data were expressed as percentage (%) and compared with
the y* test. Statistically significant variables were analyzed using logistic multiple regression model. P < 0.05 was
considered a statistical difference.

Results

General Data

In this study, 255 neonatal patients with CH and 366 neonates with false-positive results in CH screening were screened,
and 246 neonates with normal thyroid function were screened as the control. Of the 255 neonatal patients with CH, there
were 150 males and 105 females, and the male—female ratio was 1.43:1. In the false-positive screening group, there were
222 males and 144 females, and the male-female ratio was 1.54:1. In the control group, there were 144 males and 102
females, and the male-female ratio was 1.41:1. There was no statistically significant difference in the gestational age,
birth weight, and the proportion of maternal age among the three groups (P > 0.05, Table 1).

Univariate Analysis of Risk Factors for CH

There were statistically significant differences in the proportion of SGA among the case group, false-positive screening
group, and control group (y*=11.943, P < 0.05, Table 2). Since antenatal care was not regularly provided to mothers of
some neonatal patients with CH during pregnancy. 143 neonates in the control group, 140 neonates in the case group, and
335 neonates in the false-positive screening group were included in the univariate analysis of maternal gestational
factors. There were statistically significant differences in maternal gestational diabetes mellitus (x°=6.857, P=0.032),
gestational thyroid disease (y*=6.999, P=0.03), and proportion of using assisted reproduction technology among the three
groups (¥*=9.732, P=0.008, Table 2). Compared with the control group, the mothers of the case group and false-positive
screening group had a higher proportion of diabetes or thyroid diseases during pregnancy, and the proportion of using
assisted reproductive technology was lower. There was no significant difference between the three groups in various

Table | Univariate Analysis of the General Condition of Neonatal Patients with CH

Variable Control Group Case Group False Positive Group P value
n=246 n=255 n=366

Gestational weeks (w), N(%)

3742 235 (96) 236 (92.5) 346 (94.5) 0.272

<37 I (4) 16 (6.3) 19 (5.2)

242 0 3(1.2) 1 (0.3)

Birth weight (g), N(%)

25004000 221 (89.8) 232 (91) 331 (90.4) 0.603

<2500 12 (4.9) 16 (6.3) 22 (6)

24000 13 (5.3) 7(27) 13 (3.6)

Maternal age (y), N(%)

18-35 221 (89.8) 232 (91) 331 (90.4) 0.603

<18 12 (5) 16 (6.3) 22 (6)

235 13 (5.2) 7(27) 13 (3.6)

Abbreviations: n, number; w, week; g, grams; y, years.
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Table 2 Univariate Analysis of Perinatal Factors of Neonatal Patients with CH
Variable Control Group Case Group False Positive Group P value
n=246/143 n=255/140 n=366/335
Small for gestational age®, N(%)
No 239 (97.2) 238 (93.3) 329 (89.9) 0.003
Yes 7(2.8) 17 (6.7) 37 (lo.1)
Assisted reproduction, N(%)
No 133 (93) 138 (98.6) 328 (97.9) 0.008
Yes 10 (7) 2 (1.4) 7 (2.1)
Maternal hepatitis, N(%)
No 139 (97.2) 137 (97.9) 327 (97.6) 0.936
Yes 4(2.8) 321 8 (2.4)
Gestational hypertension, N(%)
No 143 (100) 139 (99.3) 331 (98.8) 0.406
Yes 0 1 (0.7) 4(1.2)
Various types of maternal abortion 2 3 times, N(%)
No 141 (98.6) 134 (95.7) 326 (97.3) 0.33
Yes 2 (1.4) 6 (4.3) 9(2.7)
Gestational thyroid disease, N(%)
No 142 (99.3) 131 (93.6) 315 (94) 0.03
Yes 1 (0.7) 9 (6.4) 20 (6)
Gestational diabetes mellitus, N(%)
No 136 (95.1) 129 (92.1) 294 (87.8) 0.032
Yes 7 (49) I (7.9) 41 (12.2)
Gestational anemia, N(%)
No 137 (95.8) 129 (92.1) 307 (91.6) 0.264
Yes 6 (4.2) I (7.9) 28 (8.4)
Pregestational BMI, N(%)
18.5-25 109 (76.2) 98 (70) 236 (70.5) 0.539
<185 18 (12.6) 27 (19.3) 63 (18.84)
>25 16 (11.2) 15 (10.7) 36 (10.7)

Note: *Small for gestational age includes term and preterm small for gestational age.

types of maternal abortion > 3 times, Pregestational BMI, Maternal hepatitis, Gestational hypertension or Gestational
anemia (P>0.05).

Multivariate Analysis of Risk Factors for CH
Multivariate logistic regression analysis was conducted on variables with statistical significance in the univariate
analysis. The results showed that gestational thyroid disease (OR=8.452, 95% CI:1.051-67.982) and gestational diabetes
mellitus (OR=2.654, 95% CI:1.051-6.706) were the risk factors for neonatal CH, and assisted reproduction (OR=0.194,
95% CI:0.041-0.911) was the protective factor for neonatal CH (Table 3). SGA (OR=2.556, 95% CI:1.027-6.361),
gestational thyroid disease (OR=7.801, 95% CI:1.03-59.057), gestational diabetes mellitus (OR=2.731, 95% CI:1.18-

Table 3 Multivariate Logistic Regression Analysis of Perinatal Factors of Neonatal Patients with CH

Variable B P value OR 95% CI

Small for gestational age 0.658 0.222 1.93 0.672-5.546
Assisted reproduction —1.64 0.038 0.194 0.041-0.911
Gestational thyroid disease 2.134 0.045 8.452 1.051-67.982
Gestational diabetes mellitus 0.976 0.039 2.654 1.051-6.706

Abbreviations: OR, odds ratio; Cl, confidence interval.

744

https:

Dove!

Journal of Multidisciplinary Healthcare 2023:16


https://www.dovepress.com
https://www.dovepress.com

Dove Yan et al

Table 4 Multivariate Logistic Regression Analysis of Perinatal Factors of Neonates with False
Positive CH Screening Results

Variable B P value OR 95% CI

Small for gestational age 0.938 0.044 2.556 1.027-6.361
Assisted reproduction -1.273 0.013 0.28 0.102-0.765
Gestational thyroid disease 2.054 0.047 7.801 1.03-59.057
Gestational diabetes mellitus 1.005 0.019 2.731 1.18-6.322

Abbreviations: OR, odds ratio; Cl, confidence interval.

6.322), and assisted reproduction (OR=0.28, 95% CI:0.102-0.765) were the influencing factors for the false-positive
results of neonatal CH screening (Table 4).

Discussion

This study found that the thyroid function and thyroid function test results of newborns will be affected by SGA,
gestational thyroid dysfunction, gestational diabetes mellitus, and assisted reproduction. The incidence of neonatal CH is
affected by assisted reproduction, gestational thyroid dysfunction, and gestational diabetes mellitus. The false-positive
results of CH primary screening were affected by SGA, assisted reproduction, gestational thyroid dysfunction, and
gestational diabetes mellitus. Except for assisted reproduction, the above factors are all negative.

Impact of Maternal Gestational Factors on Neonatal Thyroid Function

Thyroid hormones promote fetal growth and development. The fetal thyroid begins to secrete thyroid hormones at 12
weeks of gestation and is mature at 20 weeks; after 26 weeks, the fetal hypothalamic-pituitary-thyroid (HPT) system is
well-developed, but the feedback function is not mature until at full term."*™'7 In the first and second trimesters of
pregnancy, the fetal demand for thyroid hormones depends on the maternal supply; in the third trimester, the maternal
thyroid hormones help the fetus use the thyroid hormones.'®'® Therefore, maternal factors during gestation and factors
influencing the thyroid development of neonates contribute to neonatal CH.

Previous studies as well the current study have found that maternal gestational thyroid disease and diabetes mellitus
are the risk factors for neonatal CH.®?°?* For a mother with autoimmune thyroid disease, the TSH receptor antibody
(TRAD) in vivo transmits to the fetus via the placenta. It inhibits the binding of TSH to the corresponding thyroid
receptor, leading to fetal hypothyroidism.' For a mother with gestational hyperthyroidism, when the dose of the
antithyroid drug is high, the drug inhibits the secretion of fetal thyroid hormones via the placenta, which results in
increased compensatory TSH secretion.”*

In an experiment on streptozotocin-induced gestational diabetes mellitus in rats, the extent of maternal diabetes
mellitus was negatively correlated with fetal thyroid hormone status.> However, the causal relationship between
gestational diabetes mellitus and neonatal CH is unclear. The abnormal glucose metabolism levels of mothers with
gestational diabetes mellitus during pregnancy affect fetal development and increase the neonatal birth defect rate.?
Studies have suggested that in pregnant women with gestational diabetes mellitus, the risk of developing subclinical
hypothyroidism also increases, but their relationship with offspring CH is unclear.”” Hua et al found that maternal
gestational diabetes mellitus and thyroid dysfunction were mutually affected,® which increased the risk of adverse
pregnancy outcomes in the offspring. Controlling the balance of maternal gestational glucose metabolism reduces the
occurrence of CH.

Most studies have confirmed that advanced maternal age is a risk factor for CH.®**?! As the age increases, the
reproductive organ function of pregnant women decreases, and the incidence of complications during the gestation period
increases, which affects the intrauterine environment and the nutrition supply of the embryo, and increases the risk of
neonatal CH.?® In our study, we found no impact of advanced maternal age on neonatal CH.

We also found that assisted reproduction was a protective factor for CH. Previous studies have suggested that
compared with single infants conceived naturally, there was no significant increase in the incidence of CH in infants
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conceived with the assistance of artificial insemination.’®>' Based on our study, it is speculated that assisted reproduction
does not increase the incidence of CH and may even reduce it. More studies are needed to test this speculation in the
future.

Impact of Fetal Growth and Development on Neonatal Thyroid Function

We found no impact of gestational age and birth weight on neonatal CH. Previous studies have shown that gestational age
(premature birth, post-term birth) and birth weight (low birth weight, large for date infant) were the risk factors for
CH.?**-%% Duye to intrauterine dysplasia, low birth-weight and premature infants have immature functional develop-
ment of the pituitary-thyroid axis or abnormal thyroid development.** Other studies have speculated that the placenta
function of low birth-weight infants may be deficient and the maternal thyroid hormones transmitted to the fetus via the
placenta decrease, thereby leading to hypothyroidism.>* Due to the increase in gestational weeks, post-term neonates
have placental aging and decreased fetal organ function, which induces thyroid dysfunction.’? Besides, fetal hypothyr-
oidism induces an increase in gestational weeks and intrauterine distress, which affects the thyroid function of the fetus.?'

Analysis of False-Positive Results of Neonate Screening
Previous studies have mainly explored the changes in thyroid hormone levels and thyroid function of neonates from the
perspective of premature birth or low birth-weight. Few studies have discussed changes in the thyroid from the
perspective of whether birth weight is appropriate for gestational age.

The existing literature has confirmed that the TSH concentration in SGA is significantly higher than that in AGA,*°
and that in some SGA, it is higher than the upper limit of the normal value.’” Whether the T4 level is low remains
controversial. Franco and Thorpe-Beeston reported that the serum T4 level in SGA was significantly reduced.*®*? Radetti
et al found no changes in the FT4 level.’” The high TSH and low T4 level in SGA neonates suggests that fetal T4
secretion decreases in the first few days after delivery.

Malnutrition caused by placental hypoxia and intrauterine growth retardation results in thyroid growth retardation and
thus, a decrease in T4 secretion. The increase in TSH was interpreted as the pituitary feedback in SGA due to the low T4
level. Therefore, the nutritional condition did not influence the pituitary function.’® However, Chaudhari et al speculated
that the factors contributing to the high TSH level in SGA involved the immaturity of the hypothalamic-pituitary-thyroid
axis or other non-thyroid diseases.*” In an investigation involving 14,092 infants, 139 (0.98%) infants were called back
due to positive CH screening results, including 1.84% SGA infants and 0.93% AGA infants. SGA neonates had a higher
positive rate in the screening of congenital hypothyroidism.

Nevertheless, infants subsequently diagnosed with CH were all in the AGA group. Hypothyroidism in SGA neonates
disappeared in the subsequent follow-up.*® Therefore, the occurrence of hypothyroidism in SGA neonates may be
temporary and the TSH levels return to normal within a few months; this needs to be followed up closely. It is speculated
that the recovery of the thyroid function in SGA was due to the improvement of postpartum nutrition.* Kaluarachchi
et al*! also clarified in their study that compared with CH neonates in the non-SGA group, those in the SGA group often
developed a more transient congenital hypothyroidism, with TSH levels returning to normal without treatment. Based on
previous results, the result of our study could be interpreted as, SGA neonates are more likely to be positive in CH
screening and return to normal on the subsequent reexamination of thyroid function.

In addition, we found that gestational diabetes mellitus and thyroid dysfunction are risk factors that resulted in false-
positive results in screening of neonatal CH and assisted reproduction is the protective factor. The TSH level was high in
neonates born to mothers with a history of autoimmune thyroid disease before pregnancy.** A retrospective study
evaluated the relationship between maternal thyroid dysfunction and adverse birth outcomes. The study showed that
infants born to mothers with thyroid dysfunction developed temporary or permanent CH. Venugopalan et al** considered
that the high positive rate of CH screening was attributed to two factors: The first was the influence of neonatal thyroid
disease (the anti-TPO antibody was transmitted via the placenta); the second was the poor control over maternal antenatal
thyroid disease, which resulted in the high TSH in the third trimester of pregnancy, which was then reflected in neonatal
TSH. Among cases diagnosed and requiring lifelong treatment in this study, permanent thyroid defects accounted for
66% of all causes. The result differs from the commonly held belief that infants born to mothers with thyroid disease
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develop temporary CH. The reason for this result could be that high levels of TRAD are detected in the sera of neonatal
patients with CH, and TRAb disrupts the normal growth and development of the fetal thyroid during pregnancy. Other
studies also found that compared with the normal TSH preliminary screening group, the proportion of mothers with
hypothyroidism was higher in the positive preliminary screening group.** In the positive preliminary screening group, the
proportion of mothers with hypothyroidism was higher in neonates diagnosed with CH compared with neonates who
were normal in reexamination. Based on the above studies and our study, it is speculated that there seems to be a linear
dimension in the effect of abnormal maternal thyroid on neonatal thyroid; when the effect is small, the neonatal thyroid
function is normal, or there is only temporary hypothyroidism; when the effect is large, permanent hypothyroidism may
be caused. However, more studies are needed to explore whether the effect is related to the severity of the abnormal
maternal thyroid.

The limitation of this study is the lack of analysis of other potential risk factors, such as genetic predisposition,
environmental exposure, and iodine deficiency. Since there was a minimum of two complications for part of the sample
during pregnancy. We did not consider the influence of this condition on the results, and the reliability of the results may
be lower. In addition, for newborns diagnosed as CH, this study did not further analyze the type of CH. Therefore, it is
impossible to further explore whether these factors are related to the etiology of CH, such as congenital thyroid
deficiency.

In conclusion, neonatal CH is influenced by assisted reproduction, abnormal gestational thyroid function, and
gestational diabetes mellitus. In addition, SGA, assisted reproduction, abnormal gestational thyroid function, and
gestational diabetes mellitus are the influencing factors for the false-positive results in the preliminary screening of
neonatal CH. Based on the influence of the above factors on neonatal thyroid function, multiple screening and follow-ups
are required during clinical screening to avoid misdiagnosis and missed diagnosis.
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