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Abstract. The present study aimed to explore the effectiveness
of the combined use of thyroid‑stimulating hormone (TSH)
and free thyroxine [(FT4); TSH+FT4] levels and gestational
age at birth to predict neonatal hypothyroidism and to identify
the risk factors associated with the disease. The clinical data of
686 neonates with suspected hypothyroidism (TSH >10 mIU/l)
who were admitted to The First Affiliated Hospital of
Chongqing Medical University were retrospectively analyzed.
From these, 70 neonates with confirmed hypothyroidism were
assigned to the patient group and another 70 neonates with
normal thyroid function to the normal (control) group. Sex,
gestational age at birth, Apgar score, birth weight, body length,
head circumference and heart rate data were collected. TSH
and FT4 levels were measured by electrochemiluminescence
immunoassay, and the predictive value of combined use of
TSH+FT4 and gestational age at birth on neonatal hypothy‑
roidism was analyzed. The prespecified secondary outcomes
were the risk factors for neonatal hypothyroidism determined
using univariate and logistic regression analyses. TSH levels
were significantly higher, whereas FT4 levels were lower in
the patient group at 3 days of age compared with the control
group (P<0.05). After 8‑week treatment with thyroxine, these
levels were not significantly different between the patient and
control groups (P<0.05). The combined use of TSH+FT4 levels
and gestational age at birth to predict neonatal hypothyroidism
demonstrated a significantly improved sensitivity, specificity,
accuracy, positive predictive value and negative predictive
value (92.86, 97.26, 96.76, 81.25 and 99.07%, respectively)
compared with the use of only TSH+FT4 levels (P<0.05).
Logistic regression analysis revealed a low gestational age
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at birth, maternal thyroid dysfunction and low birth weight
were risk factors for neonatal hypothyroidism (P<0.05). The
combined use of TSH+FT4 levels and gestational age at birth
resulted in an improved prediction of neonatal hypothyroidism
and contributed to early therapeutic intervention. Thus, special
intervention is necessary for pregnant women with thyroid
dysfunction to reduce the incidence of neonatal hypothy‑
roidism.
Introduction
Thyroid hormones play a critical role in the differentiation and
proliferation of neurons in the brain and are closely related to
brain development (1). Hypothyroidism is a thyroid dysfunc‑
tion caused by insufficient synthesis, secretion or physiological
effects of thyroid hormones, which is characterized by an
increase in serum levels of thyroid‑stimulating hormone (TSH)
accompanied by a reduction in the level of free thyroxine (FT4)
and in some cases a reduction in the level of free triiodothy‑
ronine (FT3) (2). Neonatal hypothyroidism may cause growth
and developmental disorders as well as mental retardation in
neonates (3,4). Neonatal hypothyroidism is a common clinical
condition and is one of the major causes of mental and physical
retardation in children (5). Neonatal screening in China in
2,000 indicated that the incidence of neonatal hypothyroidism
was approximately 1/3,624 in and that the condition severely
endangers the health of neonates and can cause irreversible
damage following the onset of clinical symptoms (6,7). The
pathogenesis and causes of neonatal hypothyroidism remain
unclear; however, it is reported that pregnant women's health
and lifestyle and the foetal environment are factors influencing
development of hypothyroidism (8). Thyroid function tests
are important methods for early detection and intervention
in neonatal hypothyroidism. The early detection of neonatal
hypothyroidism facilitates therapeutic intervention before
the onset of clinical symptoms and enables optimal physical
and intellectual development in neonates (9). The risk factors
for neonatal hypothyroidism vary and have been reported to
include increased gestational age at birth and birth weight.
Neonates who had a premature birth, low birth weight,
post‑term birth and fetal macrosomia are at a higher risk of
hypothyroidism compared with neonates born at term (10‑12).
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In previous studies, neonatal hypothyroidism screening was
mainly performed by measuring thyroid‑stimulating hormone
(TSH) and free thyroxine [(FT4); TSH+FT4] levels, which
had low sensitivity and specificity (13). Zhang et al (14)
showed that most neonatal hyperthyrotropinemia is resolved
with age, but some infants will continue to have abnormal
thyroid function, and should be actively followed up to prevent
hypothyroidism (14). Newborn disease screening is widely
performed and term neonates with congenital hypothyroidism
can be diagnosed in a timely manner. However, there are still
no accurate diagnostic criteria for abnormal thyroid func‑
tion in premature infants. Premature infants have clinical
manifestations of hypothyroidism, such as lethargy, anorexia,
fatigue, constipation, delayed jaundice, edema, dry skin and
poor peripheral circulation. Without timely intervention,
hypothyroidism may have adverse effects on neonates' growth,
development, cognition and even cause irreversible brain
damage (15).
Based on this, in the present study, the risk factors for
neonatal hypothyroidism using gestational age at birth in
combination with TSH+FT4 levels were investigated to screen
for neonatal hypothyroidism and predict its occurrence.
Materials and methods
Study subjects. In total, 686 neonates with suspected hypo‑
thyroidism (TSH >10 mIU/l) who were admitted to the The
First Affiliated Hospital of Chongqing Medical University
(Chongqing, China) between January 2012 and January 2019
were included in this study for retrospective analysis. From
these, 70 with confirmed hypothyroidism were randomly
assigned to the patient group, including 30 males and 40 females
with an average age of 37.26±4.35 weeks. Hypothyroidism
diagnosis was performed using the following criteria provided
by the Clinical Laboratory of The First Affiliated Hospital
of Chongqing Medical University: i) increased serum TSH
level (normal TSH level, 0.35‑5.50 µIU/ml); ii) decreased
serum FT4 level (normal FT4 level, 0.89‑1.76 ng/dl); and
iii) normal/decreased free triiodothyronine (FT3) level
(normal FT3 level, 2.30‑4.20 pg/ml). Neonates who did
not meet the above diagnostic criteria for hypothyroidism
were excluded from the patient group. In the patient group,
the gestational age at birth of 15 neonates was <37 weeks,
47 neonates was 37‑42 weeks and 8 neonates was >42 weeks.
The normal (control) group was comprised of 70 neonates with
normal thyroid function, including 36 males and 34 females
with an average age of 39.58±4.23 weeks. These 70 neonates
with normal thyroid function were recruited during the same
period as the patient group and were not screened from the 686
aforementioned neonates. The inclusion criteria for the control
group neonates were: i) born at The First Affiliated Hospital
of Chongqing Medical University; ii) live births; iii) had no
congenital malformation; iv) underwent their first examina‑
tion at the age of <3 days; v) parents provided written consent
for study participation; and vi) whose mothers underwent
thyroid function tests during pregnancy and had a normal
range. The exclusion criteria for the control group neonates
were: i) Levothyroxine® therapy prior to examination; ii) had
metabolic disorders; or iii) had incomplete examination data.

The present study was approved by the Ethics Committee
of The First Affiliated Hospital of Chongqing Medical
University (Chongqing, China) and signed informed consent
was obtained from the parents of all the neonates who were
included in the study.
Electrochemiluminescence (ECL) assays and clinical
information. Information on indicators (including sex, gesta‑
tional age at birth, Apgar score, birth weight, body length,
head circumference and heart rate) were collected from the
neonates in the patient and control groups. TSH and FT4
levels were first measured in neonates 72 h after birth by the
electrochemiluminescence immunoassay using the DIX800
Chemiluminescence Analyzer (Beckman Coulter, Inc.) and
FT3 and FT4 chemiluminescence immunoassay kits (access
kit; cat. nos. 170611 and 171230) from Beckman Coulter,
Inc. In this procedure, drops of blood were collected from
the neonatal heel and were tested by filter paper. Venous
blood samples (3 ml) were collected from the elbow in tubes
containing anticoagulant and centrifuged at 2,264 x g for
30 min at 4˚C to extract serum.
Treatment regimen. Neonates with confirmed hypothy‑
roidism were orally administered 10‑15 µg/kg/day thyroxine
(Shandong Lubei Pharmaceutical Co., Ltd.; SFDA approval
no. H3702162). TSH and FT4 levels were re‑examined
at 2, 4 and 8 weeks of age and compared between the control
and patient groups. In addition, data were gathered on maternal
thyroid dysfunction, fetal macrosomia and low‑birth‑weight
neonates in the aforementioned groups. Diagnostic criteria for
maternal thyroid dysfunction were increased TSH; decreased
FT4; and normal or decreased FT3 (16).
Statistical analyses. Data were analyzed using SPSS
Statistics v.23.0 (IBM Corp.). Measurement data are expressed
as mean ± standard deviation values using independent
samples t‑test. Numerical data are presented as percentages
and were analyzed using the χ2 test. One‑way ANOVA was
used to compare the mean among multiple groups and the
least significant difference (LSD) post hoc test was used for
pairwise comparison when the variance was homogeneous
and the Dunnett's T3 post hoc was used when the variance
was heterogeneous. The related risk factors for neonatal hypo‑
thyroidism were subjected to univariate analysis and logistic
regression analysis was performed when univariate analysis
demonstrated significant differences. P<0.05 was considered
to indicate a statistically significant difference.
Results
Comparison of clinical and demographic data between the
patient and control groups. Sex, gestational age at birth,
Apgar score, birth weight, body length, head circumference
and heart rate of the two groups were collected and compared
and the results showed that there were no significant differ‑
ences between the patient and control groups in terms of sex,
body length, head circumference and delivery mode (P>0.05;
Table I). However, the patient group had a significantly lower
gestational age at birth, Apgar score, birth weight and heart
rate compared with the control group (P<0.05; Table I)
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Table I. Comparison of the clinical and demographic data of neonates with hypothyroidism (patients) and normal (control)
neonates.
Parameters
Sex (male/female), n
Gestational age (weeks), mean ± SD
Apgar score (scores), mean ± SD
Birth weight (g), mean ± SD
Body length (cm), mean ± SD
Head circumference (cm), mean ± SD
Heart rate (bpm), mean ± SD
Delivery modes (eutocia/cesarean section), n

Patient group (n=70)

Control group (n=70)

30/40
37.26±4.35
9.06±0.52
3.50±1.14
48.49±5.23
33.56±2.36
97.22±10.65
48/22

36/34
39.58±4.23
9.53±0.47
3.92±1.17
50.19±5.44
34.22±2.28
129.71±10.79
52/18

Τ‑test/χ2 test
1.032
3.199
5.610
2.151
1.885
1.683
17.930
0.560

P‑value
0.310
0.002
<0.001
0.033
0.062
0.095
<0.001
0.454

Sex and delivery modes are nominal data, which were analyzed by χ2 test, with the statistical value of χ2; other items are measurement data,
which were analyzed by T‑test, with the statistical value of t.

Figure 1. Comparison of TSH and FT4 levels between neonates with hypothyroidism (patients) and normal (control) neonates. (A) The TSH levels in newborns
with hypothyroidism are significantly higher at 3 days of age and normalized after 8 weeks of treatment. (B) Newborns with hypothyroidism had significantly
lower FT4 levels at 3 days of age that normalized after 8 weeks of treatment. ***P<0.001 compared with the normal group. TSH, thyroid‑stimulating hormone;
FT4, free thyroxine.

Figure 2. Comparison of TSH and FT4 levels at different gestational ages at birth in neonates with hypothyroidism. In neonates with hypothyroidism, with the
increase of gestational age at birth, TSH (A) and FT4 (B) levels were significantly decreased and increased, respectively. *P<0.05 compared with 37‑42 weeks;
#
P<0.05 compared with >42 weeks. TSH, thyroid‑stimulating hormone; FT4, free thyroxine.

indicating that the neonates with hypothyroidism had poorer
clinical indicators compared with the control neonates.
Neonates with hypothyroidism had higher TSH levels and
lower FT4 levels compared with controls. TSH and FT4 levels
of the two groups were measured by electrochemilumines‑
cence immunoassay, and the results showed that significantly
higher TSH levels but lower FT4 levels at 3 days of age were
observed in the patient group compared with the control group
(P<0.05; Fig. 1A and B). In addition, the TSH level decreased,

however FT4 levels increased during the 8 weeks of treat‑
ment (Fig. 1). Following 8 weeks of treatment, there was no
significant difference in the TSH and FT4 levels between the
patient and control groups (P>0.05; Fig. 1). Thus, neonates
may gradually recover from hypothyroidism diagnosed at
birth following treatment.
Effect of different gestational age at birth on TSH and FT4
levels in neonates with hypothyroidism. Neonates with hypo‑
thyroidism were divided into <37 weeks, 37‑42 weeks, and
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Table II. Predictive values for the combined use of gestational age with TSH and FT4 values for screening neonatal thyroid
dysfunction.
Screening
method

Positive, %
(n/n)

Sensibility, %
(n/n)

TSH+FT4+
11.66 (80/686) 92.86 (65/70)
gestational age
TSH+FT4
13.70 (94/686) 74.29 (52/70)
2
χ
1.290
8.792
P‑value
0.256
0.003

Specificity, %
(n/n)

Accuracy, %
(n/n)

Negative predictive Positive predictive
value, % (n/n)
value, % (n/n)

97.56 (601/616) 97.08 (666/686)

99.17 (601/606)

81.25 (65/80)

93.18 (574/616) 91.25 (626/686)
20.293
21.238
<0.001
<0.001

96.96 (574/592)
7.806
0.005

55.32 (52/94)
13.193
<0.001

TSH, thyroid‑stimulating hormone; FT4, free thyroxine. The numerator of negative predictive value is the numbers of true negative patients,
and the denominator is the numbers of negative patients of TSH+FT4+ gestational age and TSH+FT4. The numerator of positive predictive
value is the numbers of true positive patients, and the denominator is the numbers of positive patients of TSH+FT4+ gestational age and
TSH+FT4. Therefore, the total numbers of the two groups are different.

Table III. Univariate analysis of the related risk factors of neonatal hypothyroidism.
Risk factors
Sex
Male
Female
Gestational age, weeks
<37
37‑42
>42
Maternal thyroid function
Normal
Abnormal
Fetal macrosomia (>4,000 g)
Yes
No
Low birth weight (<2,500 g)
Yes
No

Total number
of neonates, n

Patient group,
(n=70) n (%)

Normal group,
(n=70) n (%)

69
71

30 (42.86)
40 (57.14)

37 (52.86)
33 (47.14)

1.403

0.236

31
95
14

26 (34.1)
33 (47.14)
11 (15.71)

5 (7.14)
62 (88.57)
3 (4.29)

27.650

<0.001

85
55

17 (24.29)
53 (75.71)

68 (97.14)
2 (2.86)

77.891

<0.001

11
129

10 (14.29)
60 (85.71)

3 (4.29)
67 (95.71)

4.155

0.042

18
122

16 (22.86)
54 (77.14)

2 (2.86)
68 (97.14)

12.495

<0.001

χ2

P‑value

According to the American College of Obstetricians and Gynecologists (AGOS) (31) in 2017, a newborn with a birth weight of >4,500 g is
considered as fetal macrosomia, and that with a birth weight of <2,500 g is defined as low birth weight.

>42 weeks according to gestational age, and TSH and FT4
levels of neonates at different gestational ages were compared.
TSH and FT4 levels of newborns with different gestational age
were compared. The results showed that in the patient group,
the gestational age at birth of 15 neonates was <37 weeks,
47 neonates was 37‑42 weeks and 8 neonates was > 42 weeks.
The TSH levels of neonates >42 weeks of gestational age
were significantly lower compared with neonates that were
37‑42 weeks and <37 weeks of gestational age (F TSH=10.772,
P TSH <0.001; Fig. 2A). The FT4 levels of neonates with
>42 weeks of gestational age were significantly higher
compared with neonates that were 37‑42 weeks and <37 weeks
of gestational age (F FT4 =15.468 and PFT4 <0.001; Fig. 2B).

The TSH levels of neonates with 37‑42 weeks of gestational
age were significantly lower compared with neonates with
<37 weeks of gestational age, while the FT4 levels of neonates
with 37‑42 weeks of gestational age were significantly higher
compared with neonates <37 weeks of gestational age (Fig. 2).
The aforementioned results suggest that the younger the gesta‑
tional age at birth of neonates with hypothyroidism was, the
more obvious the degree of hypothyroidism was.
Combined use of TSH plus FT4 levels and gestational age at
birth had a higher predictive value compared with TSH plus
FT4 levels in screening for neonatal hypothyroidism. Using a
TSH level of >9 mIU/l, FT4 level of <8.3 pmol/l and gestational
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Table IV. Logistic regression analyses of the risk factors for neonatal hypothyroidism.

Variables
Gestational age
Low birth weight
Maternal thyroid dysfunction

β‑value

Wald value

OR

P‑value

2.157
1.912
1.267

8.338
5.963
4.892

0.811
1.647
1.618

<0.001
<0.001
0.002

95% CI
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Upper limit
Lower limit
1.180
1.275
1.074

1.272
2.774
3.121

OR, odds ratio; CI, confidence interval.

age at birth of <37 weeks as predictive values, the combined
use of TSH+FT4 levels and gestational age at birth to predict
neonatal hypothyroidism demonstrated a significantly higher
positive predictive value, sensitivity and accuracy compared
with the use of only TSH+FT4 levels (P<0.001 vs. P=0.003 vs.
P<0.001; Table II).
Univariate analyses of risk factors for neonatal hypothy‑
roidism. Univariate analyses was performed and revealed that
low gestational age at birth, maternal thyroid dysfunction, fetal
macrosomia and low birth weight were the underlying risk
factors for neonatal hypothyroidism (P<0.05; Table III).
Low gestational age at birth, maternal thyroid dysfunction
and low birth weight are risk factors for neonatal hypothy‑
roidism. In logistics regression analysis, low gestational age
at birth, maternal thyroid dysfunction, fetal macrosomia and
low birth weight were included as dependent variables and
neonatal hypothyroidism as the independent variable. The
analysis revealed that low gestational age at birth, maternal
thyroid dysfunction and low birth weight significantly
increased the risk of neonatal hypothyroidism (R 2 =0.375,
P<0.001; Table IV).
Discussion
The present study demonstrated that the patient group had
a significantly lower gestational age at birth, lower birth
weight, slower heart rate, lower FT4 level and higher TSH
level compared with the control group. The patient group was
supplemented with thyroxine for 8 weeks, following which
TSH and FT4 levels significantly decreased and increased,
respectively to normal levels. A previous study reported
similar findings wherein the TSH and FT4 levels of neonates
with thyroid dysfunction normalized following 4 weeks of
thyroxine therapy and reached levels that were not significantly
different compared with those of healthy controls (17). This
indicated that treatment administered immediately following
the diagnosis of neonatal hypothyroidism has the ability to
normalize TSH and FT4 levels within a short period of time
and effectively prevent clinical symptoms. The present study
also demonstrated that gestational age at birth had a significant
inverse association with TSH level, but had a direct association
with levels of FT4. The reason for this may be because the
thyroid gland developed further with increased gestational age
at birth and reached the normal level. Neonates with at gesta‑

tional age of <37 weeks were born prematurely and their thyroid
glands may have failed to develop normally compared with
neonates of a gestational age ≥37 weeks. Premature neonates
were more likely to develop hypothyroidism with higher TSH
and lower FT4 levels (18,19). A relevant study indicated that
the prevalence and positive screening rate of hypothyroidism
are higher in premature neonates, which suggests that
gestational age is closely related to hypothyroidism (20). In
the present study, neonatal hypothyroidism was screened on
the basis of TSH+FT4 levels in neonates with a gestational age
at birth of <37 weeks and the results were compared with the
screening results obtained using only TSH+FT4 levels. This
comparison revealed that the combined use of TSH+FT4 levels
and gestational age at birth was more effective in predicting
neonatal hypothyroidism with significantly improved posi‑
tive predictive value, sensitivity and accuracy. In the present
study, the additional use of fetal gestational age increased the
efficiency of early screening for thyroid function in neonates.
Analysis of the related risk factors for neonatal hypo‑
thyroidism revealed low gestational age at birth, maternal
thyroid dysfunction and low birth weight to be risk factors.
A previous study looking at the effects of gestational
age at birth on neonatal hypothyroidism demonstrated
that the fetal hypothalamus‑pituitary‑adrenal (HPA) axis
was located at the center of the mechanisms controlling fetal
growth and development by stimulating the production of a
large amount of thyroid hormones in addition to performing
the function of stabilizing their levels (21). When FT4 levels
increased, the HPA axis performed negative feedback regula‑
tion to reduce TSH secretion (22). However, when FT4 levels
decreased, the HPA axis increased TSH secretion (23). In
addition, gestational age at birth was positively associated with
HPA development and functions (24). The gestational age at
birth was also demonstrated to be negatively associated with
the detection rate of hypothyroidism (25). A study investigating
the effects of maternal thyroid function on neonatal hypothy‑
roidism demonstrated that in pregnant women, TSH failed to
pass through the placental barrier while small amounts of TH3
and thyroxine successfully passed to the fetus. In addition,
thyrotropin receptor antibodies passed through the placental
barrier into the fetus, affecting the levels of neonatal thyroid
hormones thereby causing neonatal thyroid dysfunction (26).
Previous findings have revealed that thyroid dysfunction
in pregnant women increases the rate of neonatal thyroid
dysfunction (27). Maternal thyroid dysfunction may have been
responsible for neonatal hypothyroidism in the present study.
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A study investigating the effects of birth weight on neonatal
hypothyroidism demonstrated that low‑birth‑weight neonates
were relatively underdeveloped; in addition, their HPA
axis and thyroid glands were not well developed leading to
hypothyroidism. These neonates were prone to non‑thyroidal
diseases and their thyroid function was affected due to a vari‑
able degree of growth retardation. In addition, they responded
slowly to TSH changes and thyroid gland reactions and had
poor thyroid hormone regulation (28). Due to limited iodine
reserves and thyroglobulin content, low‑birth‑weight neonates
had a negative iodine balance at early stages after birth and
their iodine intake capacity was extremely low (29). This
failed to effectively support the needs of neonatal growth and
development increasing their risk of hypothyroidism (29). The
weight of low‑birth‑weight neonates has also been reported to
have more propensity for neonatal thyroid dysfunction (30),
which is consistent with the results of the present study.
The present study had several limitations. Firstly, there
were 2 and 3 premature neonates with gestational age at
birth of <37 weeks in the control and patient groups, respec‑
tively. Even though other congenital diseases were excluded
premature neonates have various problems that may interfere
with their thyroid function, therefore the study results may
be biased to a certain extent. As the present study was a
preliminary study, future studies with larger cohorts excluding
premature neonates are required to verify the findings of the
present study. Secondly, when calculating the predictive value
and identifying risk factors, the denominator was different.
This may have been due to non-matched control recruitment
with a small sample size due to inadequate birth weight and
gestational age at birth. Future studies with a higher number of
cases are required to eliminate the interference of the results
of the aforementioned factors. Thirdly, in the present study
the overall heart rate was relatively low and the average heart
rate of the neonates was 97. Despite various possible neonatal
conditions, such as bradycardia being ruled out in the present
study severe hypothyroidism may be the cause of the low
heart rate detected in the present study. Future studies with
larger sample sizes are needed for the change in heart rate to
be further assessed. Future large scale studies are required to
analyze the predictive value of these indicators for neonates
with different degrees of hypothyroidism and premature
neonates with hypothyroidism. Furthermore, the study duration
was short (8 weeks). Neonates with hypothyroidism were not
followed up for long‑term thyroid function. Although neonates
with hypothyroidism were actively treated and thyroid func‑
tion gradually returned to normal, the long‑term effects on
children have not been analyzed. This could be the focus of
a future study. In the present study, maternal thyroid dysfunc‑
tion was not fully described i.e. whether it was subclinical
hypothyroidism, Hashimoto's thyroiditis, hyperthyroidism or
otherwise was not elaborated. Future studies could investigate
the effects of maternal thyroid dysfunction on neonates.
In conclusion, in the present study TSH and FT4 levels
increased and decreased, respectively in neonates with hypo‑
thyroidism aged <3 days; these values normalized following
treatment with thyroxine. Gestational age at birth was
negatively associated with the TSH level, but was positively
associated with the FT4 level. The combined use of TSH+FT4
levels and gestational age at birth is an improved predictor

of neonatal hypothyroidism and helps in early treatment and
intervention. Low gestational age at birth, maternal thyroid
dysfunction and low birth weight increased the risk of neonatal
hypothyroidism; therefore, special intervention should be
administered to pregnant women with thyroid dysfunction to
reduce the incidence of neonatal hypothyroidism. Based on
the findings of the present study, pre‑pregnancy screening is
strongly advocated especially for women planning for preg‑
nancy who have had thyroid dysfunction or have a family
history of thyroid disease.
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