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ABSTRACT

Aims: Maternal thyroid dysfunction and thyroid autoimmunity have been associated with
adverse pregnancy outcomes, yet their effects on fetal brain development and cerebral
circulation remain unclear. This study aimed to evaluate the association between
maternal thyroid status, including thyroid autoimmunity, and fetal neurosonographic
parameters and cerebral hemodynamics in the second trimester. To our knowledge,
data evaluating both fetal neurosonographic parameters and cerebral Doppler findings
in this context are limited.

Methods: In this prospective observational study, 118 singleton pregnancies between 20
and 24 weeks of gestation were evaluated. Participants were stratified into three groups:
Hypothyroid with thyroid autoimmunity, hypothyroid without autoimmunity, and euthyroid
controls. Standardized fetal biometric and detailed neurosonographic measurements
were obtained, and the middle cerebral artery pulsatility index (MCA-PI) was assessed.
Associations between maternal thyroid status and fetal outcomes were evaluated, with
adjustment for gestational age, maternal body mass index, and parity.

Results: A total of 118 pregnancies were included (mean gestational age: 21.99+1.22
weeks; 52% male fetuses). Most fetal biometric and neurosonographic parameters were
comparable across groups (all p>0.05). Although corpus callosum length (p=0.022) and
thalamic diameter (p=0.013) differed in unadjusted analyses, these differences were
not sustained after adjustment. In contrast, fetuses of mothers with hypothyroidism and
thyroid autoimmunity had significantly lower MCA-PI values compared with euthyroid
controls (B=-0.33, p=0.001). This finding remained significant after adjustment for
potential confounders. No independent associations were observed between maternal
thyroid status and structural fetal brain parameters.

Conclusions: Maternal hypothyroidism with thyroid autoimmunity is associated
with lower fetal MCA-PI values in the second trimester, suggesting subtle alterations
in fetal cerebral hemodynamics, even in the absence of structural brain differences.
These findings may have implications for understanding the effects of maternal thyroid
dysfunction on fetal circulation during pregnancy.
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Introduction

During pregnancy, particularly in the first trimester, thyroid
hormones play a critical role in fetal brain growth and maturation.
At this stage, the fetus is highly dependent on maternal
thyroxine, as fetal thyroid function is not yet functionally mature.
Although the fetal hypothalamic-pituitary-thyroid axis is largely
established by the first trimester (1), the fetus remains dependent
on maternal thyroid hormones until approximately 18-20 weeks,
making this period a critical window for neurodevelopment (2).

Maternal hypothyroidism during early pregnancy has been
associated with impaired fetal brain development, and delayed or
insufficient thyroid hormone replacement may result in irreversible
neurodevelopmental deficits (3). Thyroid dysfunction is common
during pregnancy, with both overt and subclinical hypothyroidism
affecting a substantial proportion of women. At the same time,
thyroid autoimmunity is also frequently observed and has been
associated with adverse reproductive outcomes (4).

Although previous studies have demonstrated the importance
of maternal thyroid function in fetal neurodevelopment, data on
its association with detailed fetal brain structures and cerebral
hemodynamics assessed by prenatal ultrasound remain limited.
In particular, the relationship between thyroid autoimmunity and
fetal brain measurements remains unclear. Moreover, the impact
of maternal thyroid autoimmunity on fetal cerebral Doppler
parameters, particularly middle cerebral artery pulsatility index
(MCA-PI), remains inadequately investigated.

Maternal thyroid autoimmunity has been associated with
adverse perinatal outcomes, including miscarriage and preterm
birth. It has also been linked to offspring neurodevelopmental
outcomes, although the underlying mechanisms remain unclear
(2,5). Whether these associations are reflected in prenatal fetal
brain measurements or cerebral Doppler parameters has not
been well established.

Therefore, this study aimed to evaluate the association
between maternal thyroid status, including thyroid autoimmunity,
and both fetal neurosonographic parameters and cerebral
hemodynamics assessed by MCA Doppler in the second
trimester. We hypothesized that maternal thyroid autoimmunity
may affect fetal cerebral blood flow, even in pregnancies
receiving appropriate thyroid hormone replacement therapy.

Methods

Study design and setting

This prospective observational study was conducted
between October 1, 2025, and March 1, 2026, after approval
from the Institutional Ethics Committee of University of Health
Sciences Turkiye, Basaksehir Cam and Sakura City Hospital
(approval number: E-96317027-514.10, date: 16/09/2025).
Written informed consent was obtained from all participants
before participation in the study. The study protocol conforms

to the ethical guidelines of the Declaration of Helsinki (1975),
as revised in 2013, and was approved by the Institutional Ethics
Committee of University of Health Sciences Turkiye, Basaksehir
Cam and Sakura City Hospital.

Participants

It included pregnant women who presented for a detailed
fetal anatomical ultrasound examination between 20 and 24
gestational weeks. The 20-24-week interval was selected
because it corresponds to the routine detailed fetal anatomical
and neurosonographic examination in our perinatology clinic,
which is often the first standardized opportunity for fetal
biometric, neurosonographic, and cerebral Doppler assessment.
This timing allowed us to evaluate whether differences related
to maternal thyroid status could be detected at the usual
referral period for detailed fetal assessment, before the possible
influence of late-pregnancy complications.

Participants were stratified into three groups according to
maternal thyroid function and autoimmunity status. The firstgroup
consisted of pregnant women with hypothyroidism secondary
to Hashimoto’s thyroiditis diagnosed before pregnancy, who
were under routine follow-up at our clinic. The diagnosis had
been previously established based on clinical evaluation and
documented positivity for anti-thyroid peroxidase (anti-TPO) and/
or anti-thyroglobulin (anti-TG) antibodies, and, when available,
cytological evidence of lymphocytic infiltration (6). The second
group included hypothyroid pregnant women without evidence
of thyroid autoimmunity, characterized by elevated thyroid-
stimulating hormone (TSH) levels in the absence of detectable
thyroid autoantibodies. Both hypothyroid groups were receiving
levothyroxine replacement therapy during pregnancy, and
thyroid function tests were within normal reference ranges at
the time of the detailed ultrasound examination. The third group
consisted of euthyroid pregnant women with normal thyroid
function tests and negative thyroid autoantibodies.

Women in both hypothyroidism groups had documented
hypothyroidism before pregnancy and during the first trimester
and subsequently achieved biochemical euthyroidism under
levothyroxine treatment by the time of fetal ultrasound
assessment. Therefore, normal thyroid function at 20-24 weeks
reflected treatment response rather than the absence of thyroid
dysfunction earlier in pregnancy.

Maternal age was restricted to a relatively narrow range
(18-34 years) as part of the inclusion criteria to minimize its
potential confounding effect. Multiple gestations, fetal growth
restriction, women with known chronic systemic diseases,
smokers, preeclampsia or gestational diabetes mellitus,
pregnancy-induced transient hypothyroidism, and fetuses with
known genetic or structural abnormalities were excluded from
the study, as these conditions may independently affect fetal
neurodevelopment and cerebral hemodynamics. Umbilical and
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uterine artery Doppler assessments were performed as part of
routine clinical evaluation and were within normal limits in all
included pregnancies. Therefore, these parameters were not
included as study variables and were not incorporated into the
statistical analysis.

Assessment of thyroid function

Thyroid function and autoantibody levels were assessed
during the first trimester. According to national guidelines,
hypothyroidism was defined as a TSH level > 2.5 mIU/L (7).
Thyroid autoimmunity was determined as anti-TPO levels > 34
IU/mL and/or anti-TG levels > 40 IU/mL. Autoantibody status
was interpreted as positive or negative according to these cut-
off values and was used to classify participants rather than as a
continuous variable. These measurements were used to confirm
and standardize previously established diagnoses.

Ultrasound evaluation

All ultrasound examinations were performed by the same
maternal-fetal medicine specialist using a high-resolution
ultrasound system (Arietta 850, Hitachi Medical Systems,
Tokyo, Japan) equipped with a 3.5 MHz transabdominal
probe. Standard fetal biometric measurements (biparietal
diameter, head and abdominal circumference, and femur
length), detailed fetal brain measurements (ventricular
posterior length, nuchal fold thickness, cavum septi pellucidi,
corpus callosum length, corpus callosum body thickness,
and thalamic diameter), and MCA-P| were performed in
accordance with the recommendations of the International
Society of Ultrasound in Obstetrics and Gynecology (8,9).
MCA-PI was measured from the proximal third of the vessel
near its origin from the circle of Willis, with the angle of
insonation maintained between 0° and 30° (10). For each
fetus, MCA-PI| was calculated as the mean of at least three
consecutive waveforms of adequate quality. The examiner
was blinded to the maternal thyroid diagnosis and thyroid
autoantibody status at the time of the examination.

Statistical Analysis

All statistical analyses were performed using R statistical
software version 4.4.2 (R Foundation for Statistical Computing,
Vienna, Austria). Continuous variables were summarized as
mean + standard deviation, whereas categorical variables were
presented as counts and percentages.

Comparisons of maternal and fetal characteristics across
maternal thyroid status groups (normal thyroid function,
hypothyroid antibody-positive, and hypothyroid antibody-
negative) were performed using appropriate statistical tests
based on the variable type. Categorical variables were
compared using Fisher’s exact test, while continuous variables
were compared using the Kruskal-Wallis rank-sum test, as
normality assumptions were not consistently met.

To better evaluate the association between maternal
thyroid status and fetal brain measurements, multivariable
linear regression models were constructed. Each fetal brain
measurement (ventricular posterior, nuchal fold thickness,
cavum septi pellucidi, corpus callosum length, corpus callosum
body thickness, thalamic diameter, and middle cerebral artery
Doppler values) was analyzed as a dependent variable. Maternal
thyroid status was included as the primary independent variable,
and models were adjusted for gestational age at examination,
parity, and maternal body mass index (BMI) to account for
potential confounding effects.

Regression results were reported as unstandardized
regression coefficients (B), standard errors, t-statistics, and
p-values. A two-sided p-value <0.05 was considered statistically
significant.

A post-hoc power analysis based on the primary endpoint
(MCA-PI) demonstrated that the study had sufficient statistical
power (>80%) to detect moderate-to-large effect sizes; however,
it may have been underpowered to detect small effect sizes.

Results

Baseline characteristics

Atotal of 118 pregnant women were included in the analysis.
The mean maternal BMI was 30.35+4.30 kg/m?, and the mean
gestational age at examination was 21.99+1.22 weeks. Most
participants were euthyroid (60%), while 21% had hypothyroidism
with thyroid autoimmunity and 19% had hypothyroidism without
autoimmunity. Overall fetal biometric and neurosonographic
measurements were within expected ranges for gestational age
(Table 1).

Comparisons between maternal thyroid status groups

Maternal and fetal characteristics according to thyroid status
are presented in Table 2. Gravidity differed significantly across
the groups (Fisher’s exact test, p=0.008), and this difference
remained significant after false discovery rate (FDR) correction
(9=0.041). Similarly, parity distribution also showed a significant
difference between groups (p=0.011, g=0.041).

Maternal BMI varied significantly among the groups, with
higher values observed in both hypothyroid groups compared
with the euthyroid group (Kruskal-Wallis test, p<0.001, g=0.008).
In contrast, gestational age at examination (p=0.052, q=0.12)
and fetal sex distribution (p=0.085, q=0.20) were comparable
across groups.

Most fetal biometric and neurosonographic parameters
were comparable across groups, including biparietal diameter,
head circumference, abdominal circumference, femur length,
ventricular posterior width, nuchal fold thickness, cavum septi
pellucidi, and corpus callosum body thickness, with no statistically
significant differences observed (all p>0.05 and g>0.05).
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Table 1. Baseline characteristics and fetal measurements of

the study population

Characteristic n=118"
Gravida n (%)

1 48 (41)

2 37 (31)

B 17 (14)
4 9 (7.6)

5 5(4.2)

7 2(1.7)
Parity n (%)

0 50 (42)

1 49 (42)

2 11 (9.3)
8 6 (5.1)

4 2(1.7)
Maternal BMI, kg/m?, mean + SD 30.35+4.30
Maternal thyroid status n (%)
Euthyroid 71 (60)
Hypothyroid antibody+ 25 (21)
Hypothyroid antibody- 22 (19)
Gestational age (weeks), mean * SD 21.99+1.22
Fetal sex n (%)
Female 56 (47)
Male 62 (53)
Fetal measurements Mean = SD
BPD (mm) 52.73+4.76
HC (mm) 197.65+18.88
AC (mm) 170.15+£17.19
FL (mm) 37.60+3.95
Ventricular posterior (mm) 6.10+1.11
Nuchal fold (mm) 4.46+0.81
CSP (mm) 4.62+1.08
Corpus callosum length (mm) 22.89+3.76
Corpus callosum body (mm) 2.05+1.08
Thalamus (mm) 11.67+£1.68
MCA-PI 1.58+0.41

:n (%); mean * standard deviation, BMI: Body mass index, BPD: Biparietal
diameter, mm: Millimeter, HC: Head circumference, AC: Abdominal
circumference, FL: Femur length, VP: Ventricule posterior, NF: Nuchal fold,
CSP: Cavum septi pellucidi, MCA-PI: Middle cerebral artery-pulsatility index,

SD: Standard deviation

Among fetal brain parameters, corpus callosum length
showed a nominally significant difference (p=0.022); however,
this did not remain significant after FDR correction (q=0.058).
In contrast, thalamic diameter differed significantly between
groups (p=0.013, g=0.041), with lower mean values observed in

the hypothyroid antibody-negative group.

MCA-PI measurements also demonstrated a clear group
difference (p<0.001, g=0.008), with the lowest values in the
hypothyroid antibody-positive group and higher values in the
euthyroid group.

Multivariable regression analysis

Multivariable linear regression analyses evaluating the
independent association between maternal thyroid status and
fetal outcomes are presented in Table 3.

Multivariable linear regression analyses showed that, after
adjusting for gestational age, maternal BMI, and parity, maternal
thyroid status was not independently associated with most fetal
brain measurements.

No significant associations were observed for ventricular
posterior length, cavum septi pellucidi, corpus callosum length
and body thickness, or thalamic diameter (all p>0.05), with
confidence intervals (Cls) crossing zero, indicating a lack of
statistically reliable effects.

In contrast, a significant association was identified for
MCA-PI values. Fetuses of mothers with hypothyroid antibody
positivity had lower MCA-PI values compared with those in the
euthyroid group [B=-0.334, 95% CI (-0.527, -0.142), p<0.001],
indicating a potential difference in fetal cerebral hemodynamics
associated with maternal thyroid autoimmunity.

Additionally, a borderline significant decrease in nuchal fold
thickness was observed in the hypothyroid antibody-negative
group [B=-0.407, 95% CI (-0.811,-0.003), p=0.048]. However,
as the Cl approached zero, this finding should be interpreted
with caution.

Discussion

In this study, we evaluated the association between
maternal thyroid function and thyroid autoimmunity with fetal
neurosonographic parameters and cerebral hemodynamics
in the second trimester. The main findings of our study
can be summarized as follows: first, overall fetal biometric
measurements were not significantly affected by maternal
thyroid status; second, although some fetal brain parameters,
including corpus callosum length and thalamic diameter, differed
between groups in unadjusted analyses, these associations
were not sustained after adjustment for confounding factors;
and third, MCA-PI values were significantly lower in fetuses of
mothers with hypothyroidism and thyroid autoimmunity, even
after adjustment for potential confounders.

Our findings are partially consistent with previous reports
evaluating fetal brain structures in pregnancies complicated by
maternal hypothyroidism and thyroid autoimmunity. Torun et
al. (11) reported lower thalamic measurements and posterior
ventricular length in fetuses of mothers with hypothyroidism
and thyroid autoimmunity. Similarly, in our cohort, differences in
corpus callosum length and thalamic diameter were observed in
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Table 2. Comparison of characteristics according to maternal thyroid status

Normal

Hypothyroid antibody+

Hypothyroid antibody-

Characteristic n=71" h=25! n=22 p-value? g-value®
Gravida n (%) n (%) n (%) 0.008 0.041
1 24 (34) 8 (32) 16 (73)

2 22 (31) 12 (48) 3 (14)

=3 25 (35) 5 (20) 3(14)

Parity n (%) n (%) n (%) 0.011 0.041
0 26 (37) 8 (32) 16 (73)

1 30 (42) 15 (60) 4 (18)

22 15 (21) 2 (8.0) 2(9.1)

BMI (mean * SD) 29.14+4.10 32.44+3.60 31.87+4.42 <0.001 0.008
Gestational week (mean * SD) 22.13+1.18 22.07+1.11 21.45+1.34 0.052 0.12
Fetal sex n (%) n (%) n (%) 0.085 0.2
Female 38 (54) 7 (28) 11 (50)

Male 33 (46) 18 (72) 11 (50)

Fetal measurements Mean = SD Mean = SD Mean * SD

BPD 52.94+4 .34 53.54+5.26 51.13+5.30 0.11 0.2
HC 198.51+19.39 200.24+18.14 191.95+17.67 0.12 0.2
AC 171.76+14.57 167.76+24.68 167.68+14.83 0.6 0.6
FL 37.86+3.56 38.26+4.30 36.01+4.49 0.10 0.2
VP 6.03+1.14 6.34+1.18 6.06+0.90 0.3 0.3
NF 4.60+0.78 4.35+0.81 4.13+0.81 0.11 0.2
CSP 4.60+0.93 4.77+1.11 4.52+1.46 0.2 0.3
CC-length 23.55+2.97 22.80+4.70 20.87+4.27 0.022 0.058
CC-body 2.14£1.32 1.98+0.56 1.86+0.43 0.5 0.5
Thalamus 11.93+1.71 11.78+1.60 10.67+1.32 0.013 0.041
MCA-PI 1.67+0.36 1.3410.30 1.55+0.55 <0.001 0.008

:n (%); mean * SD, 2 Fisher’s exact test, Kruskal-Wallis rank sum test, *: Benjamini & Hochberg correction for multiple testing, BMI: Body mass index, BPD: Biparietal
diameter, HC: Head circumference, AC: Abdominal circumference, FL: Femur length, VP: Ventricule posterior, NF: Nuchal fold, CSP: Cavum septi pellucidi, CC:
Corpus callosum, MCA-PI: Middle cerebral artery-pulsatility index, SD, Standard deviation

unadjusted analyses but were not maintained after adjustment.
These findings indicate that maternal thyroid status was not
independently associated with fetal brain structural parameters
after adjustment, and that the observed unadjusted differences
were likely driven by confounding maternal characteristics. In
our study, maternal BMI and parity also differed significantly
between groups, as reported by Torun et al. (11), and may have
acted as confounders in the observed associations. Although
Torun et al. (11) reported that lower thalamic measurements
persisted within overweight and obese subgroups, the absence
of multivariable adjustment in that study limits the ability to
exclude residual confounding by other maternal and clinical
factors.

Although prenatal neurosonographic studies are limited,
postnatal imaging studies also support our findings. In the CATS
Il follow-up study, no significant differences in global brain
volumes were observed according to maternal thyroid status

and levothyroxine treatment during pregnancy (12). Similarly,
Korevaar et al. (13) found no significant association between
maternal TSH levels and child brain morphology. These
findings support our observation that differences in fetal brain
measurements did not persist after adjustment for potential
confounders.

The main Doppler finding of our study was the reduction
in MCA-PI values in fetuses of mothers with hypothyroidism
and thyroid autoimmunity. When evaluated according to
gestational age-specific reference percentiles, MCA-PI
values in the euthyroid group ranged from the 11" to the 96"
percentile, whereas values in the hypothyroid antibody-
positive and antibody-negative groups ranged from the 1st
to the 62" percentile and from the 1%t to the 99" percentile,
respectively. These findings suggest a downward shift in fetal
cerebral Doppler indices in both hypothyroid groups, although
the association remained independently significant only in the
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Table 3. Multivariable regression analysis of fetal brain measurements

Outcome Predictor B SE 95% ClI t p

VP Hypothyroid antibody+ 0.299 0.278 -0.251 to 0.850 1.078 0.283
VP Hypothyroid antibody— -0.081 0.297 -0.670 to 0.508 -0.273 0.786
NF Hypothyroid antibody+ -0.224 0.191 -0.602 to 0.154 -1.176 0.242
NF Hypothyroid antibody- -0.407 0.204 -0.811 to -0.003 -1.997 0.048
CSP Hypothyroid antibody+ 0.230 0.240 -0.245 to 0.705 0.958 0.340
CSP Hypothyroid antibody- 0.271 0.256 -0.237 t0 0.779 1.056 0.293
CCL Hypothyroid antibody+ -0.694 0.602 -1.886 to 0.498 -1.153 0.251
CCL Hypothyroid antibody- -0.829 0.643 -2.104 to 0.446 -1.288 0.200
CC-body Hypothyroid antibody+ -0.241 0.268 -0.773 to 0.291 -0.898 0.371
CC-body Hypothyroid antibody— -0.326 0.287 -0.895 to 0.243 -1.136 0.258
Thalamus Hypothyroid antibody+ -0.094 0.381 -0.849 to 0.660 -0.248 0.805
Thalamus Hypothyroid antibody— -0.744 0.407 -1.551 to 0.063 -1.828 0.070
MCA-PI Hypothyroid antibody+ -0.334 0.097 -0.527 to -0.142 -3.441 <0.001
MCA-PI Hypothyroid antibody- -0.080 0.104 -0.286 to 0.126 -0.773 0.441

B: Unstandardized regression coefficient, SE: Standard error, Cl: Confidence interval. All models were adjusted for gestational age, maternal BMI, and parity category.
The reference group for thyroid status was the euthyroid (normal thyroid function) group. VP: Ventricular posterior width, NF: Nuchal fold thickness, CSP: Cavum septi

pellucidi, CCL: Corpus callosum length, CC-body: Corpus callosum body thickness, MCA-PI: Middle cerebral artery-pulsatility index, BMI: Body mass index

antibody-positive group after adjustment. The attenuation of
the association after adjustment suggests that the crude finding
may have been influenced by baseline differences between
groups. Compared with euthyroid pregnancies, women in the
hypothyroid antibody-negative group had higher BMI values
and different gravida and parity distributions, and they also
tended to have lower gestational age at examination. Although
BMI was included in the multivariable models, maternal obesity
has been associated with chronic low-grade inflammation and
altered placental function, which could theoretically influence
fetal Doppler parameters (14). Therefore, residual confounding
related to maternal adiposity cannot be completely excluded.

Reduced MCA-PI is often associated with a “brain-sparing”
response (15) in compromised pregnancies. However, all fetuses
in our cohort had normal growth parameters, suggesting that this
finding may represent a subclinical or adaptive hemodynamic
variation rather than overt pathology.

In contrast to the antibody-negative group, the association
remained statistically significant in the antibody-positive
hypothyroid group after adjustment. This finding raises the
possibility that thyroid autoimmunity may contribute to changes
in fetal cerebral Doppler indices beyond hypothyroidism alone;
however, this interpretation should remain cautious because a
euthyroid antibody-positive comparison group was not available.
Maternal thyroid dysfunction and autoimmunity have been linked
to endothelial dysfunction, altered vascular regulation, and
inflammatory mechanisms that may theoretically affect placental
function and fetal circulation. However, because MCA-PI is a
surrogate marker of fetal cerebral hemodynamics rather than a
direct measure of neurological function, the clinical significance
of this finding remains uncertain (16,17).

Evidence regarding fetal brain structures and MCA-PI in
pregnancies complicated by maternal hypothyroidism remains
limited. Studies by Tugrul Ersak et al. (18) and Zhang et al. (19)
have reported that maternal hypothyroidism may be associated
with fetal cardiac structural and hemodynamic changes,
while Paienok et al. (20) reported no significant differences
in fetal cerebral circulation parameters between pregnancies
complicated by thyroid disease and healthy controls. Differences
between studies may be related to variations in study populations,
treatment status, and gestational age at Doppler assessment.
In the present study, all hypothyroid patients were receiving
medical therapy; therefore, the findings should not be interpreted
as the effect of overt current hypothyroidism. Rather, they may
reflect prior thyroid dysfunction, treated hypothyroidism, thyroid
autoimmunity, or a combination of these factors. In the present
study, although routine umbilical and uterine artery Doppler
assessments were within normal limits, cerebroplacental ratio
(CPR) analysis and direct placental assessment were not
performed. Therefore, the underlying mechanisms cannot be
confirmed based on the available data.

Study Limitations

Strengths
» Prospective observational design.

» Standardized fetal neurosonographic and MCA-PI
assessment.

* Blinded ultrasound examiner.
» Adjustment for gestational age, BMI, and parity.
Limitations

» Single-center design and small subgroup sizes.
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» Lack of euthyroid antibody-positive group.

» Lack of CPR analysis, detailed placental assessment, and
postnatal neurodevelopmental follow-up.

» Autoantibody status analyzed only as positive/negative.

» Treated hypothyroid population; untreated hypothyroidism
could not be evaluated.

Conclusion

In conclusion, maternal hypothyroidism accompanied by
thyroid autoimmunity was associated with lower fetal MCA-
Pl values in the second trimester, independent of potential
confounding factors. While fetal biometric and neurosonographic
parameters were not independently associated with maternal
thyroid status after adjustment, the observed reduction in MCA-
Pl suggests a possible effect on fetal cerebral hemodynamics.
Further prospective studies, including umbilical artery Doppler
and direct placental assessment, are needed to clarify the
underlying mechanisms and clinical significance of this
association. However, these findings should be interpreted with
caution, as the study was conducted at a single institution and
included a sample size that may be insufficient to detect small
effects, which may limit their generalizability. Larger multicenter
studies are warranted to confirm these results and further
elucidate the underlying mechanisms.
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