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ABSTRACT

Background: Maternal thyroid hormones are important in pregnancy adaptation, fetal growth and
early neurodevelopment. Mild thyroid dysfunction may have a role in the outcomes of the newborn
and the developmental milestones of the infant, especially during periods of fetal brain development.
Objective: To determine the correlation between maternal thyroid biochemistry, physiological
changes during pregnancy, and infant developmental milestones.

Methods: This is a prospective observational analytical study carried out at Lady Reading hospital
Peshawar during the time period of January 2024 to January 2025. Non-probability consecutive
sampling was used to recruit 77 pregnant women. Demographic, obstetric, physiological and
biochemical parameters of thyroid function (TSH, free T4, free T3, anti-thyroid peroxidase antibody)
were noted. Post- delivery pregnancy outcome and neonatal parameters were recorded. Follow-up
assessment was conducted at a later age on the gross motor, fine motor, language, social and
cognitive/adaptive developmental milestones. The data were analyzed using SPSS version 25. The
following methods were used: chi square test, correlation analysis, and binary logistic regression. A p
value of <0.05 was deemed to be statistically significant.

Results: The mean maternal age was 28.41 + 4.92 years. Among 77 participants, 52 (67.5%) were
euthyroid, while 25 (32.5%) had thyroid dysfunction. Subclinical hypothyroidism was the most
common abnormality, observed in 15 (19.5%) women. Overall developmental delay was found in 17
(22.1%) infants. Developmental delay was significantly higher among infants born to mothers with
thyroid dysfunction compared with euthyroid mothers (40.0% vs. 13.5%, p=0.009). Maternal TSH
showed a significant negative correlation with infant developmental score (r=-0.346, p=0.002), while
Free T4 showed a significant positive correlation (r=0.392, p=0.001). On logistic regression, maternal
thyroid dysfunction remained an independent predictor of infant developmental delay (AOR=3.42,
95% CI: 1.12-10.47, p=0.031).

Conclusion: Maternal thyroid dysfunction during pregnancy was significantly associated with delayed
infant developmental milestones. Raised TSH and reduced Free T4 were particularly linked with
poorer developmental outcomes. Early thyroid screening, timely management, and developmental
follow-up of infants born to mothers with thyroid dysfunction may help reduce preventable
neurodevelopmental risk.

Keywords: Maternal thyroid dysfunction, pregnancy, TSH, Free T4, infant development,
developmental milestones, hypothyroidism.

INTRODUCTION fetal growth, the function of the placenta and
The physiological and endocrine changes during maternal  metabolic  adaptation.  Thyroid
pregnancy are significant changes, that facilitate hormone regulation is especially significant
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amongst them since thyroid hormone hormones
play an important role in fetal growth,
maturation of nervous system, and early brain
development in the baby. In the first trimester,
fetal thyroid requirements for thyroid hormone
are met almost exclusively by the supply from
mother until the fetal thyroid starts to function.
Thus early pregnancy thyroid biochemistry
imbalance may have clinical implications for
pregnancy outcome and development of the
foetus. Thyroid hormones are known to play a
role in brain development and maturation, and
clinical management of thyroid disorders during
pregnancy focuses on judicious interpretation
and management of thyroid function during
pregnancy (1-3).

Estrogen and elevated thyroxine binding
globulin, elevated renal iodine clearance, and
stimulation of the thyroid by human chorionic
gonadotropin, all contribute to natural changes
in maternal thyroid function during pregnancy.
Such changes in these physiological parameters
may affect the levels of thyroid stimulating
hormone and thyroid hormones in circulation.
These adaptive mechanisms do not always
happen in women, leaving them with thyroid
dysfunction including subclinical hypothyroidism,
overt hypothyroidism, or hyperthyroidism
(rarely). Certainthorium recommends that
thyroid function tests must be interpreted with
consideration to pregnancy, since there are
changes in thyroid physiology during pregnancy
(4-6).

Thyroid dysfunction in pregnant women is
associated with poor maternal and fetal
outcomes such as anemia, hypertension, low
birth weight, preterm birth and impaired fetal
growth. Besides birth outcomes, it has become
more important to address the potential role of
the imbalance of thyroid hormones during
pregnancy on early neurodevelopment. The
maternal thyroid hormones play a role in
neuronal migration, myelination, synaptogenesis
and cortical development. Abnormal maternal
thyroid function has been suggested to affect
neurodevelopment in previous studies and
reviews, but the association has been shown to
differ by population, timing of measurement of
thyroid function, iodine status, treatment status,
and developmental tools used (7-9).

The infant developmental milestones offer a
useful clinical tool for early neurodevelopment.
The milestones illustrate the development of
gross motor skills, fine motor skills, language
development, social and adaptive functioning.
Achievement of milestones may be delayed due
to a number of maternal and neonatal factors
such as low birth weight, anemia, poor nutrition,

and maternal illness or endocrine abnormalities
during pregnancy. Thyroid biochemistry should
be examined in addition to maternal and
neonatal factors since the thyroid function may
be influenced by physiological changes during
pregnancy (10-12).

Local data from Pakistan regarding maternal
thyroid biochemistry and infant developmental
milestones remain limited. In tertiary-care
settings, pregnant women may present with
variable nutritional status, anemia, delayed
antenatal booking, and limited routine thyroid
screening. These contextual factors may
increase the clinical importance of studying
thyroid  dysfunction  during pregnancy.
Therefore, the present study was conducted at
Lady Reading Hospital, Peshawar, to determine
the correlation between maternal thyroid
biochemical parameters, physiological changes
during pregnancy, and infant developmental
milestones.

METHODOLOGY

The present study was a prospective
observational analytical study carried out at
Lady Reading Hospital, Peshawar from January
2024 to January 2025. The objective of the
study was to evaluate the relationship between
maternal thyroid hormone levels, physiological
changes of pregnancy and infant developmental
status. The study adopted non-probability,
consecutive sampling and 77 pregnant women
who met the study's criteria were included in the
study.

A sample size was determined with the WHO
sample size calculator for correlation based
studies using a 95% confidence level, 80%
power, and a moderate correlation between
maternal  thyroid hormone and infant
developmental outcomes that was anticipated.
77 participants were retained for the last
analysis. The pregnant women were screened
for eligibility and enrolled in the study upon
informed written consent obtained from them at
the antenatal clinic of Lady Reading hospital.

In this study, the women were included who
were pregnant in the age group 18-40 years,
who have singleton pregnancy and who are
willing to follow up. Women who had known
chronic medical conditions, such as diabetes
mellitus, chronic hypertension, renal disease,
liver disease, epilepsy, autoimmune disease
other than thyroid disease, multiple pregnancy,
congenital fetal anomaly, or drug intake that is
known to suppress thyroid function were
excluded. Women who were missed at follow-up
and whose laboratory or infant developmental
information was missing were also not included
in the final analysis.
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The maternal demographic and obstetric data
collected on a structured proforma after
enrolment. These included maternal age,
residency, education, socioeconomic status,
gravida, parity, gestational age at enrollment,
body mass index, previous miscarriage and
family history of thyroid disease. Physiological
parameters related to preghancy were also
obtained, such as maternal weight gain,
hemoglobin level, blood pressure, heart rate,
anemia, gestational hypertension, gestational
diabetes, and intrauterine growth restriction and
preterm delivery (if applicable).

Venous blood was drawn from each one of the
participants using aseptic precautions for thyroid
biochemical assessment. Standard laboratory
methods that were available in the hospital lab
were used to measure serum thyroid stimulating
hormone (TSH), free triiodothyronine (Free T3),
free thyroxine (Free T4) and anti-thyroid
peroxidase antibodies (Anti-TPO). Thyroid status
was determined by trimester-specific thyroid
reference ranges where available as euthyroid,
subclinical hypothyroidism, overt
hypothyroidism, subclinical hyperthyroidism or
overt hyperthyroidism. Where values for the
individual trimesters were not available,
standard pregnancy adjusted reference ranges
are used.

Normal maternal physiological changes were
monitored during pregnancy by regular
antepartum monitoring. Anemia was determined
by hemoglobin level and blood pressure was
measured to detect hypertensive disorders of
pregnancy. Laboratory data and hospital
diagnosis were used to determine the presence
of gestational diabetes. Data on gestational age
at delivery, mode of delivery and pregnancy
outcome were obtained post-delivery.

Neonatal data included infant sex, birth weight,
gestational age at delivery, APGAR score at 1
and 5 minutes, low birth weight, preterm birth,
admission to the neonatal intensive care unit
and any clinically suspected neonatal
complication. Low birth weight was defined as
being less than 2.5 kg, and preterm birth
defined as delivery prior to 37 completed weeks
of gestation.

Follow-up assessments used age appropriate
clinical milestone assessment to assess infant
developmental  milestones. Domains  of
development assessed were: gross motor, fine
motor, language, social, and cognitive/adaptive

milestones. Infants were classified as normal if
they met the expected age milestones and as
delayed if the infant did not meet one or more
expected age milestones. The overall
developmental delay was considered to be delay
in any domain during follow-up.

The infant developmental milestone delay was
the primary outcome variable. The factors of
primary interest were maternal thyroid
biochemical values, particularly TSH, Free T4,
Free T3 and Anti-TPO antibody status. Other
factors were maternal age, BMI, parity,
gestational age, hemoglobin level, pregnancy
complications, birth weight and gestational age
at delivery.

The SPSS version 25 software was used to enter
and analyse the data. Maternal age, BM],
gestational age, TSH, Free T3, Free T4, Anti-
TPO level, hemoglobin level, birth weight and
developmental score were presented as mean
and standard deviation. Other qualitative
variables like residence, parity, thyroid status,
anemia, gestational hypertension/pregnancy
induced hypertension, gestational diabetes,
preterm delivery, low birth weight, admission to
NICU and developmental delay were presented
as frequency and percentage. The association of
maternal thyroid status with infant
developmental delay was examined using a chi
square test. The mean values were compared
between groups when appropriate using
independent sample t-test. For normally
distributed continuous variables, Pearson
correlation was used and for non-normally
distributed continuous variables, Spearman
correlation was utilized. Potential confounding
factors (maternal age, BMI, anemia, gestational
age at delivery, and birth weight) were also
taken into account in a binary logistic regression
to identify predictors of infant developmental
delay. A p value of < 0.05 was considered
statistically significant.

RESULTS

There were 77 pregnant women in total. The
mean maternal age was 28.41 + 4.92 years and
majority of the respondents aged between 26
and 30 years. The mean gestational age when
the thyroid assessment was completed was
18.63 £ 5.21 weeks. The majority of the women
were multigravida (58.4%) with 32 (41.6%)
being primigravida. The mean maternal BMI was
25.76 + 3.84 kg/m2.
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Table 1. Baseline Maternal Demographic and Obstetric Characteristics

Variable Frequency / Mean | Percentage / SD
Age, years 28.41 + 4.92
BMI, kg/m?2 25.76 + 3.84
Gestational age at thyroid assessment, weeks 18.63 +5.21
Gravida

Primigravida 32 41.6%
Multigravida 45 58.4%
Residence

Urban 43 55.8%
Rural 34 44.2%
Education status

No formal education 14 18.2%
Primary/Middle 21 27.3%
Matric/Intermediate 27 35.1%
Graduate or above 15 19.5%
Socioeconomic status

Low 28 36.4%
Middle 39 50.6%
High 10 13.0%
Family history of thyroid disease 9 11.7%
Previous miscarriage 11 14.3%

The mean serum TSH level was 3.18 = 1.74
mIU/L, mean Free T4 was 1.07 £ 0.24 ng/dL,
and mean Free T3 was 2.91 + 0.51 pg/mL. 52

biochemistry, and 25 (32.5%) had thyroid
dysfunction. The most common abnormality was
subclinical hypothyroidism (15, 19.5%).

(67.5%) women had a normal

thyroid

Table 2. Maternal Thyroid Biochemical Profile During Pregnancy

Thyroid Parameter Mean + SD Minimum—Maximum
TSH, mIU/L 3.18 £ 1.74 0.21-8.90
Free T4, ng/dL 1.07 £ 0.24 0.61-1.62
Free T3, pg/mL 291 £ 0.51 1.81-4.10
Anti-TPO antibody, IU/mL 28.64 + 21.37 5.00-118.00
Thyroid Status Frequency Percentage
Euthyroid 52 67.5%
Subclinical hypothyroidism 15 19.5%
Overt hypothyroidism 5 6.5%
Subclinical hyperthyroidism 3 3.9%
Overt hyperthyroidism 2 2.6%
Anti-TPO positive 16 20.8%

Physiological changes and  pregnancy
outcomes: The mean maternal hemoglobin
level was 10.82 + 1.21 g/dL. 31 (40.3%)
women had anemia. Nine (11.7%)
encountered gestational hypertension and

seven (9.1%) had gestational diabetes. The
average gestational age at delivery was 37.84
+ 1.62 weeks. There were 12 (15.6%) cases
of preterm delivery.
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Table 3. Pregnancy-Related Physiological Changes and Birth Outcomes

Variable Frequency / Mean Percentage / SD
Hemoglobin, g/dL 10.82 +1.21
Maternal weight gain, kg 9.34 +3.12
Systolic blood pressure, mmHg 116.52 +11.43
Diastolic blood pressure, mmHg 74.18 + 8.26
Gestational age at delivery, weeks 37.84 + 1.62
Birth weight, kg 2.83 + 0.46
Anemia 31 40.3%
Gestational hypertension 9 11.7%
Gestational diabetes mellitus 7 9.1%
Preterm delivery 12 15.6%
Low birth weight 14 18.2%
NICU admission 10 13.0%
APGAR score <7 at 5 minutes 6 7.8%

Follow-up was used to determine infant
developmental milestones. Overall, 60 (77.9%)
infants reached age-appropriate development
milestones and 17 (22.1%) infants were delayed

in one or more developmental milestones. Gross
motor delay was the most commonly observed
delay, reported in 12 (15.6%) infants, followed
by language delay in 10 (13.0%) infants.

Table 4. Infant Developmental Milestone Status

Developmental Domain Normal Delayed

Gross motor milestone 65 (84.4%) 12 (15.6%)
Fine motor milestone 69 (89.6%) 8 (10.4%)
Language milestone 67 (87.0%) 10 (13.0%)
Social milestone 70 (90.9%) 7 (9.1%)

Cognitive/adaptive milestone 68 (88.3%) 9 (11.7%)
Overall developmental status 60 (77.9%) 17 (22.1%)

An infant thyroid condition was associated with
higher rates of developmental delay when
compared to healthy mothers. Of the euthyroid
mothers, 7 (13.5%) mothers had delayed

milestones, while 10 (40.0%) mothers with
thyroid dysfunctions had delayed milestones.
This difference was significant (p = 0.009).

Table 5. Association between Maternal Thyroid Status and Infant Developmental Delay

Maternal Thyroid Status Normal Development | Delayed Development | p-value
Euthyroid, n=52 45 (86.5%) 7 (13.5%)
Thyroid dysfunction, n=25 15 (60.0%) 10 (40.0%) 0.009

There was a significant negative correlation
between maternal TSH and infant
developmental score (r = -0.346, p = 0.002),
such that a higher maternal TSH was related to
a lower infant developmental score. Within the
physiological range of thyroid function, maternal
Free T4 exhibited a significant positive

correlation with infant developmental score (r =
0.392, p = 0.001) indicating improved
performance of the infant in relation to
increased maternal Free T4 levels. There was
also a weak negative correlation with the anti-
TPO antibody level and the developmental score
(r =-0.241, p = 0.035).

Table 6. Correlation between Maternal Thyroid Biochemistry and Infant Developmental Score

Maternal Thyroid Variable Correlation Coefficient p-value
TSH -0.346 0.002
Free T4 0.392 0.001
Free T3 0.174 0.131
Anti-TPO antibody level -0.241 0.035
Birth weight 0.288 0.011
Gestational age at delivery 0.263 0.021

A binary logistic regression was used to
determine predictors of infant developmental
delay. Maternal thyroid dysfunction was
associated with infant developmental delay after
adjusting for maternal age, BMI, anemia,

gestational age at delivery and birth weight.
There was a 3.42-fold increased risk of
developmental delay for infants with mothers
with thyroid dysfunctions relative to infants with
mothers with euthyroid status (AOR = 3.42,
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95% CI: 1.12-10.47, p = 0.031). Developmental
delay was also found to be significantly

associated with low birth weight (AOR = 2.89,
95% CI: 1.01-8.91, p = 0.048).

Table 7. Logistic Regression Analysis for Predictors of Infant Developmental Delay

Predictor Variable Adjusted Odds Ratio 95% CI p-value
Maternal thyroid dysfunction 3.42 1.12-10.47 0.031
Raised TSH 2.76 1.03-7.86 0.044
Low Free T4 3.18 1.08-9.72 0.036
Anti-TPO positivity 2.21 0.76-6.43 0.143
Maternal anemia 1.69 0.58-4.91 0.336
Low birth weight 2.89 1.01-8.91 0.048
Preterm delivery 2.37 0.79-7.13 0.123

Infant Developmental Status According to Maternal Thyroid Status

100

86.5%

Percentage of infants (%)

Euthyroid mothers

Emm Normal development
m Delayed development

Thyroid dysfunction

Maternal thyroid status

Figure 1. Infant Developmental Status According to Maternal Thyroid Status.

Developmental delay was more frequent among
infants born to mothers with thyroid dysfunction
compared with euthyroid mothers.

DISCUSSION

The present study evaluated the relationship
between  maternal thyroid  biochemistry,
pregnancy-related physiological changes, and
infant developmental milestones among 77
pregnant women at Lady Reading Hospital,
Peshawar. The findings showed that 32.5% of
mothers had thyroid dysfunction, with subclinical
hypothyroidism being the most frequent
abnormality. Infant developmental delay was
observed in 22.1% of cases and was
significantly more common among infants born
to mothers with thyroid dysfunction. This finding
supports the biological role of maternal thyroid
hormones in fetal and early infant
neurodevelopment (13, 14).

Raised maternal TSH was significantly correlated
with decreased infant developmental score and

maternal Free T4 was significantly correlated
with increased infant developmental score in this
study. This suggests that the children of
mothers with higher TSH and lower Free T4 had
a greater risk of having poor performance in
developmental areas. These results are
biologically relevant, since thyroid hormones are
known to play a role in fetal brain maturation,
neuronal differentiation, and myelination.
Previous studies have suggested that thyroid
hormone deficiency during pregnancy can be
linked to adverse neurodevelopmental outcome
but the findings were not consistent because of
study design, timing of testing and methods of
neurodevelopmental assessment (15, 16).

In the present study, infants of mothers with
thyroid dysfunction had a higher prevalence of
developmental delay, as is generally believed in
the clinic that maternal thyroid hormone
imbalance may have an impact on fetal brain
development in sensitive periods of gestation.
Thyroid disease during pregnancy is a condition
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that can affect the mother and her baby, and
the American Thyroid Association insists on
evaluating thyroid function during pregnancy.
The current study noted developmental delay in
the gross motor and language areas, which may
indicate early vulnerability in the
neurodevelopment areas; however, further
studies would be needed in order to determine if
these delays remain beyond infancy (17).
Maternal physiological factors also appeared to
contribute to infant outcome. Low birth weight
and lower gestational age at delivery showed
significant associations with developmental
score. This suggests that the pathway between
maternal thyroid dysfunction and infant
development may not be direct alone but may
also operate through pregnancy complications,
fetal growth restriction, preterm delivery, or
neonatal vulnerability. WHO also emphasizes
that maternal health during pregnancy and the
postnatal period is closely linked with infant
well-being and long-term outcomes (18).
Therefore, thyroid screening should be
considered as part of a broader maternal health
approach rather than as an isolated laboratory
investigation (19).

The role of maternal physiologic variables also
seemed to be an influence in infant outcome.
There was a significant association of weights of
less than 5.5 Ibs and gestational age less than
37 weeks with the developmental score. This
indicates that the association of maternal thyroid
dysfunction and infant development might not
be direct but could also be mediated by
pregnancy  complications,  fetal growth
restriction, preterm delivery or neonatal
vulnerability. WHO also highlights that maternal
health in pregnancy and the postpartum stage is
intimately connected to that of infants and their
future development (20). Thus, the screening of
the thyroid should be part of an overall maternal
health plan rather than a stand-alone laboratory
test.

Logistic regression analysis revealed that
maternal  thyroid dysfunction was still
significantly associated with infant

developmental delay regardless of maternal age,
BMI, anemia, gestational age at delivery, or
birth weight. This supports the hypothesis that
thyroid dysfunction is a significant risk factor,
independent of other factors, for poor
developmental outcomes. The confidence
interval was, however, large, perhaps because
of the relatively small sample size. Care should
be taken in interpreting these results and
validate with larger multicenter studies to assess
thyroid function in each trimester and to use the
same developmental tools.

Some studies have reported weaker or non-
significant  associations between maternal
thyroid function and child neurodevelopment,
highlighting that this relationship is complex. For
example, one cohort from a high fish-consuming
population reported no clear association
between maternal thyroid function and
neurodevelopmental outcomes at 20 months.
Such differences may be explained by variations
in iodine intake, nutrition, timing of hormone
measurement, maternal treatment status, infant
age at assessment, and socioeconomic factors.
In the present local setting, maternal anemia,
nutritional limitations, and delayed antenatal
care may have amplified the effect of thyroid
dysfunction on infant outcomes (21).

However, some studies have found less strong
or non-significant links between maternal
thyroid function and neurodevelopment of
children, indicating that this relationship is
complex. For instance, a group with high fish
consumption had no clear linkage between
maternal thyroid function and
neurodevelopmental results at 20 months.
These disparities could be attributed to
differences in iodine consumption, nutrition,
when the hormone was measured, whether or
not the mother was receiving treatment,
whether or not the infant was assessed at birth
or later, and socioeconomic factors. Anemia,
malnutrition and poor attendance at ante-
pregnancy checkups were issues that could have
exacerbated the impact of thyroid dysfunction in
the present local context on the outcomes of
infants.

The strength of this study was the association of
maternal biochemical parameters not just with

thyroid status but also with pregnancy
physiology and infant developmental
assessment. However, there are some

restrictions to be taken into account. The
number of samples was small, and the study
was performed in a single tertiary-care hospital,
which will restrict the generalizability of the
results. Developmental milestones were clinically
evaluated; however the use of more detailed
standardized neurodevelopmental scales may be
useful to gain greater precision. Thyroid function
was tested during the pregnancy, however,
multiple trimester testing was not fully analyzed.
In spite of these restrictions, the study offers
local information that supports the value of the
assessment of maternal thyroid status during
pregnancy.

CONCLUSION

Maternal thyroid dysfunction during pregnancy
was significantly associated with delayed infant
developmental milestones. Raised TSH and
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reduced Free T4 were correlated with lower
infant developmental scores, while
developmental delay was more frequent among
infants born to mothers with thyroid dysfunction
compared with euthyroid mothers. Low birth
weight also contributed to developmental risk.
These findings suggest that early identification
and management of thyroid dysfunction during
pregnancy may improve maternal and infant

outcomes. Routine thyroid evaluation in
antenatal care, especially among high-risk
women, and developmental follow-up of

exposed infants are recommended.
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