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Abstract
Background: Thyroid hormones are essential for fetal growth and the central nervous system development. Thyroidstimulating hormone (TSH) is the key regulatory hormone. Their levels are quite dynamic in the perinatal period and
are influenced by multiple factors. These factors should be taken into consideration during newborn screening. This
study aimed to observe the impact of maternal and neonatal factors on neonatal TSH status.
Results: Neonatal TSH (nTSH) depicted a positive correlation with parity (p = 0.066) while negative correlation
recorded with maternal blood haemoglobin (p = 0.007) among maternal factors.
New-born length (p = 0.027) and birth weight (p < 0.001) exhibited a negative correlation with nTSH among neonatal
factors.
Conclusions: This study concludes that among all the maternal and neonatal factors, birth weight shows the most
influence on nTSH. However, the effect may be compounded by other factors. As these risk elements rarely occur singly, it is often difficult to find the exposure which confer the risk on children. These factors should be considered while
interpreting the result of the screening program.
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Background
Thyroid hormones are essential for fetal growth and
development, particularly for the central nervous system. During the central nervous system development,
thyroid hormone assists in the migration, differentiation,
and proliferation of neuronal cells [1]. Thyroid hormone
levels are quite dynamic in the perinatal period and are
influenced by multiple factors. Thyroid-stimulating hormone (TSH) is the key regulatory hormone that regulates the adequate production of thyroid hormones (T3
and T4) in the thyroid gland and their active conversion
in the periphery. By the time the infant presents with
symptoms of thyroid disorders, the levels are grossly
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deranged and might have resulted in irreversible sequelae. It is of utmost importance that any minor change in
thyroid levels should be diagnosed early to prevent such
clinical irreversibility. Hence, neonatal TSH levels are the
primary target for screening thyroid-related disorders as
the value changes to a greater fold when compared to the
active thyroid hormones (T3 and T4).
In newborns, several maternal and neonatal factors
such as maternal age, maternal anemia, parity of the
mother, and fetus growth during the gestational period
greatly influence TSH level [2]. These risk elements are
commonly overlapping.
Some studies explored the impact of maternal and neonatal characteristics on thyroid hormones at birth. However, many of these studies were conducted with a small
sample size. This study adds to that understanding with
linear analysis of a large sample size. This study aimed to
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observe the impact of maternal and neonatal factors on
neonatal TSH status.

Methods
The retrospective observational study was conducted
among newborns delivered or admitted within 2 years
in a tertiary care institute. The study started after being
approved by the institute ethics committee. A consent
waiver was approved for the study. A total of 1216 newborns were investigated for newborn screening for neonatal-TSH (nTSH) levels within 48–72 h of birth. TSH
was analyzed on dried blood spot by fluorometric enzyme
immunoassay which was validated by EQAS programme
from centers for disease control and prevention (CDC).
Data were collected from the medical record section and
entered in a predesigned and pilot-tested questionnaire.
The maternal factors included the demographic profile,
clinical and obstetric history. Neonates’ anthropometric
variables at birth and clinical details were noted as neonatal variables. Birth records with incomplete information, stillbirths, and death during the newborn period
were excluded.
The data analysis was done by SPSS version 20. Logtransformation was performed for converting the nonnormal to normalized data. The continuous variables
were presented as mean and standard deviation (SD).
Linear regression was conducted on the transformed
variables to evaluate the interrelationship between the
variables with nTSH, followed by multiple hierarchical
regression analysis. This data has also been presented in
a different paper as the analysis was diverse and not compatible with being accommodated in one article [3].
Results
A total of 1216 newborn were included in the study. The
mean and the range of the variables of the study population are mentioned in Table 1. The percentages of babies
born with birth weight of less than 1000 g (0.4%), 1000 to
1500 g (3.54%), and 1500 to 2500 g (26.81%). nTSH exhibited a wide range from 0.46 to 87.80 mIU/L (Table 1).
Relationship of maternal factors with nTSH

The regression coefficients to depict the interrelationship between the variables with nTSH are delineated in
Figs. 1, 2, 3, 4, 5, and 6, Table 2. The value of the regression coefficient for ANC check-ups after anti-log (Fig. 1)
reflected that for every 1-unit change in ANC check-ups,
nTSH value changes (decreases) by 1% (p = 0.066).
As showed in Fig. 2, nTSH depicted a positive correlation (p = 0.457) with maternal age. The value rises
by 0.06% with every 1% change in maternal age. A 10%
change in maternal age also affected birth weight by
0.6% (p = 0.457). Maternal blood haemoglobin values
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Table 1 Description of Range, Mean, SE and SD of the variables
(N=1216)
Variable
(N=1216)

Range
(Min-Max)

Mean

Std. Error Standard
Deviation

Birth Weight(g)

3320 (680-4000)

2716.12 16.299

568.380

ANC visit

5 (0-5)

2.65

0.026

0.890

Maternal Age
(years)

20 (18-38)

28.33

0.127

4.425

Maternal Hb (g/dl)

7.4 (6.4-13.8)

11.379

0.0346

1.2077

Parity

5 (1-6)

1.51

0.024

0.848

Gestational Age
(weeks)

19 (28-47)

38.64

0.086

2.998

Head
18.80 (21-39.80)
Circumference(cm)

32.1895 0.11619

Length (cm)

31 (28-59)

48.133

TSH at birth (miu/
litre)

87.34 (0.46-87.80) 3.4547

4.05165

0.1255

4.3781

0.11542

4.02499

recorded significant negative correlation (p = 0.007)
(Fig. 3). For every unit (in percent) change of mother’s
hemoglobin level, the nTSH value recorded a change of
0.3%. If maternal hemoglobin changes from 8 g/dl to 8.8
g/dl, nTSH would change by 3%. The value of the regression coefficient for parity after anti-log is 1% (Fig. 4). It
indicated that for every 1 unit increase in parity, nTSH
increases by 1% (p = 0.066). Unlike maternal age, gestational age recorded a negative relationship with nTSH
(p = 0.156). As denoted in Fig. 5, for every 1% increase
in gestational age, nTSH decreased by 0.23%. Similarly,
for every 10% increase in gestational age, birth weight
reduced by 2.3 % (p = 0.156).
Relationship of neonatal factors with nTSH

As illustrated in Figs. 6, 7, and 8, all the three neonatal
factors, length, head circumference, and birth weight,
exhibited a negative correlation with nTSH (Table 2).
Every unit change in length resulted in a significant shift
in nTSH level (0.03%, p = 0.027). Similarly, a unit change
in birth weight lowered nTSH values by 0.19% (p < 0.001).
With every unit change in head circumference, nTSH
altered by 2.6% (p = 0.978).
As seen by the B coefficients (Table 2), the independent variables of maternal hemoglobin, birth weight, and
length at birth lead to only minor changes in the value of
TSH. As seen by R2 minimal variability in TSH value is
predicted by the above variables, with the most variability being predicted by birth weight (1.1%).

Discussion
Relation between TSH and maternal and neonatal
demographic factors has received less attention as
compared to other factors. Identifying factors that

Verma et al. Egypt Pediatric Association Gaz

(2021) 69:36

Fig. 1 Scatter plot between log transformed TSH and ANC check ups

Fig. 2 Scatter plot between log transformed TSH level and log transformed maternal age in years
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Fig. 3 Scatter plot between log transformed TSH and log transformed maternal hemoglobin

Fig. 4 Scatter plot between log transformed TSH and parity
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Fig. 5 Scatter plot between log transformed TSH and log transformed gestational age

Fig. 6 Scatter plot between TSH and Length at birth
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Table 2 Describing Correlation Coefficient of the documented variables with nTSH
Variable

R*

R2

Slope/ B coefficient# (95% CI)

Std. Error of B
coefficient

Beta
coefficient,
P value

ANC

0.053

0.003

-0.011 (-0.024, 0.001)

0.006

-1.838, 0.066

Maternal Age

0.021

0.000

0.059 (-0.097, 0.215)

0.079

0.744, 0.457

Maternal Haemoglobin

0.078

0.006

-0.307 (-0.529, -0.085)

0.113

-2.709, 0.007

Parity

0.053

0.003

0.012 (-0.001, 0.025)

0.007

1.838, 0.066

Gestational Age

0.041

0.002

-0.226 (-0.538, 0.087)

0.159

-1.418, 0.156

Head circumference

0.001

0.000

-0.003 (-0.192, 0.186)

0.096

-0.027, 0.978

Length

0.063

0.004

-0.301 (-0.568, -0.034)

0.136

-2.209, 0.027

Birth weight

0.104

0.011

-0.190 (-0.291, -0.088)

0.052

-3.658, 0.000

*R denotes correlation coefficient, B denotes the unstandardized coefficient for a variable
#Beta denotes the standardized coefficient for a variable

Fig. 7 Scatter plot between TSH and head circumference

influence TSH variability in infants may help understand abnormal thyroid level contributors at birth. As
hypothesized, the newborn screening data were analyzed to study the effect of various maternal and infant
factors on the nTSH of newborns. This study suggests
that nTSH is influenced somewhat by various maternal and neonatal characteristics. It could be due to the
interplay of different other factors for adequate thyroid
functioning.

Maternal factors

The nTSH value decreases with improvement in ANC
check-ups (Fig. 1); this could be a proxy of improved
antenatal care and nutrition. Deficiency of dietary
iodine is a common cause of congenital and transient
hypothyroidism in newborns. Maternal thyroid disease
can also cause a suppression of thyroid function in the
newborn. During ANC check-ups, thyroid disorders
and iodine deficiency are diagnosed and treated, which
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Fig. 8 Scatter plot between TSH and birth weight

improves the maternal condition and decreases the risk
of thyroid disorders in newborns.
The present study evidenced an increase in nTSH
with advanced maternal age (Fig. 2). A study from a
rural center in South India demonstrated increased
cord blood TSH with advancing maternal age [4]. A
prospective cohort study in China also reported similar findings [5]. Another study by Lee et al. reported no
significant association between maternal age and nTSH
concentration [6].
A novel finding in our study was that for every 1%
increase or decrease in hemoglobin levels, nTSH
decreases or increases by 0.31% (Fig. 3), respectively.
nTSH exhibited a significant inverse relationship with
maternal hemoglobin (Table 2). The possible mechanism in this is impairment of heme-dependent thyroid
peroxidase (TPO) enzyme in an iron-deficient state,
limiting thyroid hormone synthesis [7].
It was seen that for every 1 unit increase in parity,
nTSH gets elevated by 1% (Fig. 4). On the contrary, in
another study, inverse relation was observed between
parity and TSH of newborns [2]. Many studies have
reported that first babies have higher nTSH levels than
subsequent babies [8–10]. The difference may be due
to the analysis of TSH in cord blood samples in their

study. In contrast, some studies reported no differences
in nTSH level according to birth order [11, 12].
Neonatal factors

For every 1% increase in gestational age, nTSH decreases
by 0.23% (Fig. 5). Many previous studies have reported
that nTSH levels increase with increasing gestational age
[4, 11, 13, 14]. However, an inverse relationship has also
been reported [15, 16], and several other studies have
reported no difference in nTSH levels with gestational
age [6, 12, 17, 18]. A likely explanation would be that
the hypothalamic-pituitary response matures with the
increase in gestational age. Impaired hypothalamic-pituitary responsiveness is seen in premature infants [19].
nTSH depicted a significant inverse correlation with
every unit percent increase in length at birth. nTSH
was found to be reduced by 0.03% (Fig. 6). Some studies
showed no relation between birth length and nTSH levels
[6].
The present study revealed a negative correlation with
head circumference. With every unit percent change in
head circumference, nTSH was expected to alter by 2.6%
(Fig. 7). Lee SY found no association between head circumference and newborn TSH [6].
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A significant negative correlation was observed
between birth weight and nTSH level in this study. With
every 1% increase in birth weight, nTSH was expected to
decrease by 0.19% (Fig. 8). The findings agree with the
results of Korada M et al., Rao PT et al., Lain SJ et al., and
Sahoo et al. [12, 14, 15, 20]. Romagnoli C et al. and Lee
SY et al. noted no significant influence of birth weight
on nTSH [6, 21]. Birth weight, length, and head circumference are all associated with gestational age. As gestational age increases, growth parameters also increase. So,
it is not surprising that hypothalamic-pituitary response
is also positively correlated with the above factors.
During pregnancy, many physiological changes occur.
Firstly, maternal total or bound thyroid hormone levels
increase with serum concentration of thyroid-binding
globulin. Second, the level of TSH decreases in early
pregnancy because of weak stimulation of TSH receptors
caused by human chorionic gonadotropin (hCG) during
the first 12 weeks of gestation. Thyroid hormone secretion is thus stimulated, and the resulting increased serum
free thyroxine (T4) levels suppress hypothalamic thyrotropin-releasing hormone, which in turn limits pituitary
TSH secretion. In the later stage of pregnancy, TSH levels return to baseline values and progressively increase
in the third trimester related to placental growth and
production of placental deiodinase. These physiologic
changes should be responsible for the decrease in TSH of
the newborn with improvement in gestation and growth
parameters [22].

Conclusions
Our data showed that birth weight shows the most influence on nTSH among the maternal and neonatal factors.
However, the effect may be compounded by other factors, and these factors should be considered while interpreting the result of the screening program.
The main strength of our study was the large sample size, which yielded a very high statistical power. The
scatter plot, linear regression, and multiple hierarchical
regression analysis performed is another strength, which
provides the direction of the significant value of the
parameters analyzed. The limitation of our study was that
we did not assess the T4 and iodine status of the mother,
which has a considerable impact on the thyroid status of
both mother and newborn. Another limitation was that
this was a retrospective study. Prospective study can give
more idea about impact of these elements on TSH.
Abbreviations
TSH: Thyroid-stimulating hormone; nTSH: Neonatal thyroid-stimulating hormone; ANC: Antinatal care; TPO: Thyroid peroxidase; SD: Standard deviation;
hCG: Human chorionic gonadotrophin.
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