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Abstract
Purpose To investigate the effects of laboratory-confirmed SARS-CoV-2 infection on thyroid function tests (TFTs) in
pregnant women and to evaluate whether TFT changes are related to the severity and prognosis.
Methods Consecutive pregnant women tested for SARS-CoV-2 by RT-PCR at Ankara City Hospital were recruited between
January 2021 and September 2021. Thyroid-stimulating hormone (TSH), free thyroxine (FT4) and free triiodothyronine
(FT3), thyroid peroxidase antibody (anti-TPO), and thyroglobulin antibody (anti-TG) were measured on admission.
Results Among 747 eligible pregnant women with the same baseline characteristics, 369 RT-PCR-positive women in the
patient group and 378 RT-PCR-negative women in the control group were included in the analyses. Pregnant women in the
patient group had significantly lower TSH, FT4, FT3, Anti TPO, and Anti TG concentrations compared with those in the
control group (p < 0.001). The proportion of patient groups with mild, moderate, severe, and critical diseases were 297
(80.4%), 40 (10.8%), 17 (4.6%), and 15 (4.2%), respectively, among which with the moderate, severe, and critical disease
had significantly lower FT3 values (2.5 vs 2.19 pg/mL, p < 0.001) and higher nonthyroidal illness syndrome (NTIS) (29.2 vs.
8.4%, p < 0.001) than those with mild disease. Lower FT3 values increased the risk of ICU admission, NICU admission, and
severe disease (p < 0.001). FT3 and TSH correlated positively with lymphocytes (p < 0.001) and negatively correlated with
C-reactive protein (CRP) (p < 0.001, p= 0.005).
Conclusion The SARS-CoV-2 infection seems to have an impact on the TFTs of pregnant women, and particularly FT3
level seems to be correlated with disease severity.
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Introduction

The coronavirus disease 2019 (COVID-19), was declared a
global pandemic by the World Health Organization (WHO)
in March 2020 [1]. By July 18, 2022, more than 565 million
confirmed cases and more than 6 million deaths have been
reported worldwide [2].

COVID-19 is caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), which uses angiotensin-
converting enzyme 2 (ACE2) as a host cell receptor to infect
humans [3, 4]. ACE2 is not only an enzyme as it is known but
also a receptor on tissue cells through which SARS-CoV-2
enters the host cells. According to recent studies, it is highly
expressed in many organs such as the lung, heart, kidney, liver,
and endocrine organs (e.g., thyroid and pituitary), making the
hypothalamic-pituitary-thyroid (HPT) axis a susceptible target
of SARS-CoV-2 for both direct (due to ACE2 expression) and
indirect damage (due to abnormal immune-inflammatory
responses to the virus) [5–9]. Based on this pathophysiology
of the virus, previous studies have shown that COVID-19
could induce reversible thyroid dysfunction and could be
associated with the severity of the disease [10, 11].

Pregnancy has a considerable impact on the thyroid
gland and its function. Depending on the need for
maternal thyroid hormone production, the importance
of thyroid hormones increases significantly during
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pregnancy. Two sources supply thyroid hormones to fetal
tissues: the developing fetal thyroid gland and the
maternal thyroid gland. Although the fetal thyroid gland
begins to develop by the 5th or 6th week of gestation and
begins to produce thyroid hormones by about the 12th
week of gestation, it is not functionally mature until the
18th to 20th week of gestation, and nearly 30% of the free
thyroxine (FT4) in the umbilical cord blood serum at
delivery is of maternal origin. This means that maternal
FT4 is transferred to the fetus throughout pregnancy and
is critical for normal fetal brain development, especially in
the first half of pregnancy [12–15]. In addition, thyroid
disorders in pregnancy have been associated with serious
maternal, fetal, and neonatal complications in numerous
previous studies: spontaneous abortions, preterm delivery,
preeclampsia, gestational diabetes mellitus, admission to
the neonatal intensive care unit (NICU), placental
abruption, and breech presentation [16–19]. Thus, timely
detection and treatment of pregnant women with thyroid
dysfunction are clinically important because even mild
thyroid dysfunction can lead to adverse pregnancy out-
comes. Almost all data in the literature on pregnant
women are limited by the absence of FT3 measurement as
the fetus majorly relies on transplacental delivery of
maternal T4.

There are many studies investigating the association
between thyroid functions and COVID -19, but similar
studies on pregnant women are limited and restricted to
comparing the pandemic period with the pre-pandemic
period [20, 21]. To our knowledge, there has been no study
comparing SARS-CoV-2 positive pregnant women with
negative pregnant women during the pandemic period with
respect to the analysis of thyroid function.

Therefore, the objectives of the present study were to
investigate the effects of laboratory-confirmed SARS-CoV-
2 infection on thyroid function tests (TFT) in pregnant
women and to determine whether it leads to thyroid dys-
function. We also evaluated whether HPT axis and auto-
antibody changes are related to the severity and prognosis
of COVID-19 in pregnancy and whether there is a corre-
lation between TFT and inflammatory disease markers in
patient pregnant women.

Materials and methods

This single-center case-control study was performed at
Ankara City Hospital, a tertiary pandemic referral hospital
with approximately 20,000 deliveries per year, accounting
for the vast majority of SARS-CoV-2 infected pregnant
women antenatal examinations and deliveries in Ankara,
Turkey. Ethics approval was obtained from the institutional
review board (No. E2-21-269). All participants provided

written informed consent. The study was conducted in
accordance with the Declaration of Helsinki [22].

Pregnant women from all trimesters were enrolled, who
underwent thyroid function analysis at our hospital between
January 01, 2021, and September 30, 2021, and were
simultaneously tested for SARS-COV2 by reverse
transcriptase-polymerase chain reaction (RT-PCR) and divi-
ded into 2 groups. RT-PCR-positive pregnant women con-
sidered as the study group was compared to an RT-PCR-
negative gestational age-matched control group of pregnant
women at the same period. According to the national
guideline for COVID-19 management, the study group was
divided into subgroups; mild, moderate, severe, and critical
[23]. In all pregnant women, SARS-Cov-2 infection was
confirmed by quantitative RT-PCR from nasal-oropharyngeal
swab and blood samples were drawn from participants from
antecubital vein between 07:00 a.m. and 09:00 a.m. along
with RT-PCR test upon their first admission to the hospital or
first overnight fasting after RT-PCR testing before initiation
of any treatment and medication.

The following information, including sociodemographic
and clinical data, was recorded by the researchers in the
electronic medical record: Maternal age, gravidity, parity,
previous miscarriage, living child, pre-pregnancy body mass
index (BMI), the gestational week at the time of testing,
gestational trimester at the time of diagnosis, the severity of
COVID-19, maternal mortality, ICU admission rate, neonatal
ICU admission rate, thyroid function tests (TFT); thyrotropin
(TSH), free thyroxine (FT4), free triiodothyronine (FT3),
antithyroid peroxidase antibody (anti-TPO), and anti-
thyroglobulin antibody (anti-TG) concentrations.

Pregnant women were excluded from the analysis if they
were obese (BMI before pregnancy >40 kg/m2), underwent
in vitro fertilization (IVF), had multiple pregnancies, had a
history of thyroid disease or thyroid autoantibody positivity,
were taking thyroid medication, or were using steroids and
heparin for any reason. We did not include the cases if there
were any missing values of TSH, FT3, FT4, and thyroid
autoantibodies. We also wanted to exclude vaccinated
pregnant women, based on a systematic review that ana-
lyzed data from 51 patients who developed thyroid pro-
blems after the COVID-19 vaccination [24]. Indeed, one
study reported low acceptance of COVID -19 vaccination
among pregnant women in Turkey [25], none of the parti-
cipants were vaccinated in the present study. in the present
study, none of the participants were vaccinated. A total of
747 pregnant women-study groups (n= 369), and control
group (n= 378)-were included in the final analysis (Fig. 1).

The lower limits of detection of thyroid function tests in our
laboratory were 28 and 0.1 IU/ml for Anti TPO and Anti TG,
respectively; 0.01 mU/L for TSH; 1.36 ng/L for FT3; 0.63 ng/
dl for FT4. Anti TPO≥60 IU/ml was considered positive. Anti
TG ≥1.3 IU/ml was considered positive. The trimester-specific
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reference intervals in our hospital were set according to the
2017 guidelines of the American Thyroid Association and the
Turkey Endocrinology and Metabolism Society [26, 27]. For
the first trimester, the reference intervals were 0.1–2.5mU/L
for TSH and 0.8–1.53 ng/dL for FT4, and 2.46–3.89 ng/L for
FT3. For the second trimester, they were 0.2–3mU/L for TSH
and 0.7–1.2 ng/dl for FT4, and 2.09–3.55 ng/L for FT3, and in
the third trimester, they were 0.3–3mU/L for TSH and
0.7–1.2 ng/dl for FT4 and 2.01–3.27 ng/L for FT3. TSH, FT4,
FT3, anti-TPO, and anti-TG were measured by electro-
chemiluminescence immunoassay (ECLIA) on a Roche Cobas
6000 e 601 analyzer (Roche Diagnostics).

The study group was divided into four categories of
thyroid dysfunction (subclinical hypothyroidism, sub-
clinical hyperthyroidism, isolated hypothyroxinemia, and
nonthyroidal illness syndrome). We defined subclinical
hypothyroidism as high TSH with normal FT4 and FT3;
subclinical hyperthyroidism as low TSH with normal FT4
and FT3; isolated hypothyroxinemia as low FT4 with
normal TSH and FT3; nonthyroidal illness syndrome
(NTIS) as low FT3 with normal TSH and FT4. Finally,
correlation analysis was performed in the study group to
evaluate basic inflammatory biomarkers such as C-reactive
protein (CRP), interleukin-6 (IL -6), and lymphocyte
levels with TFT analysis. IL Interleukin-6 levels were
measured using commercially available ELISA kits
according to the kit data sheet (eBioscience, Thermo
Fisher Scientific USA).

Statistical analyzes were performed using the SPSS
package program (IBM SPSS Statistics 24). Frequency

tables and descriptive statistics were used to interpret the
results. Parametric methods were used for the measured
values suitable for normal distribution. In accordance with
the parametric methods, the “independent sample t”-test (t-
table value) was used to compare the measured values of
two independent groups. Nonparametric methods were used
for the measured values that did not conform to the normal
distribution. “Mann–Whitney U”-test (Z-table value) to
compare the measured values of two independent groups by
nonparametric methods; “Kruskal–Wallis H” method (χ2-
table value) to compare the measured values of three or
more independent groups. “Spearman” correlation coeffi-
cient was used to study the relationships between two
quantitative variables that do not have a normal distribution.
“Pearson-χ2” cross-tabulations were used to analyze the
relationships between two qualitative variables. Binary
logistic regression: the backward model LR was used to
determine the factors affecting the risk situations.

Results

Baseline characteristics and TFT analysis between
groups

There was no statistically significant difference between
groups (p > 0.05) in baseline characteristics. Pregnant
women in the study group had significantly lower TSH,
FT4, FT3, Anti TPO, and Anti TG concentrations than
those in the control group (p < 0.001) (Table 1).

Fig. 1 Flowchart illustrating
study population selection
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TFT analysis between groups according to
gestational-specific reference intervals

Then, we classified the TFT level as low/normal/high and
thyroid autoantibodies as positive/negative according to
trimester-specific references (Table 2). We found that the
patient group was significantly more likely to have low
TSH and low FT3 levels, while the control group had a
predominance of high levels (p= 0.034 and p < 0.001).
We also found that Anti TPO positivity was significantly
higher in the control group (p < 0.001), while Anti TG
positivity was significantly higher in the patient group
(p < 0.001).

TFT analysis between groups according to Covid-19
severity

The study population was divided into two groups based
on the severity of COVID-19: a mild group and a

moderate/severe/critical group. Table 3 compares the
thyroid function tests of each group. Patients with mod-
erate/severe/critical disease had significantly lower FT3
values than patients with mild disease (p < 0.001), while
there was no significant difference in FT4, TSH values,
and thyroid autoantibody positivity (p > 0.05). To inves-
tigate the risk of developing a non-mild disease, logistic
regression was performed with the parameters that were
significant in the univariate analysis. FT3 level was found
to be an important parameter inversely affecting disease
severity (p < 0.001) (OR= 0.913; 1- OR= 0.087) (95%
CI: 0.857–0.944).

FT3 levels according to COVID-19 severity (including
the control group) were (2.87 ± 0.42 ng/dl) for control;
(2.50 ± 0.46 ng/dl) for mild; (2.24 ± 0.37 ng/dl) for moder-
ate; (2.17 ± 0.35 ng/dl) for severe; (2.11 ± 0.35 ng/dl) for
critical patients and those levels show that the degree of
FT3 reduction was related to confirmed disease and disease
severity.

Table 1 Comparison of the
baseline characteristics and TFT
analysis between groups

Variables Study group (n= 369) Control group (n= 378) P value

Maternal age (years) (mean ± SD) 28.8 ± 6.08 29.45 ± 4.03 0.153a

Gravidity (median) (min–max) 2 (1–12) 2 (1–7) 0.618a

Parity (median) (min–max) 1 (0–9) 1.0 (0–8) 0.544a

Previous miscarriage (median) (min–max) 2 (1–3) 2 (1–3) 0.388a

Living child (median) (min–max) 1 (0–7) 1 (0–8) 0.756a

Pre-pregnancy BMI (kg/m2) (mean ± SD) 26.11 ± 4.77 26.23 ± 4.83 0.844a

Gestational week at diagnosis (median)
(min–max)

27 (5–41) 27 (7–40) 0.201a

COVID-19 severity

Mild (n, %) 297 (80.4%)

Moderate (n, %) 40 (10.8%)

Severe (n, %) 17 (4.6%)

Critical (n, %) 15 (4.2%)

ICU admission (n, %) 38 (10.2%)

Maternal mortality (n, %) 9 (2%)

NICU admission (n, %) 25 (6.8%)

TSH, μIU/mL (mean ± SD)
(median) (min–max)

1.32 ± 1.10 1.67 ± 1.11 <0.001b

1.1 (0.1–9.1) 1.4 (0.1–8.8)

FT4, ng/mL (mean ± SD)
(median) (min–max)

1.04 ± 0.52 1.05 ± 0.14 <0.001b

1 (0.6–10.1) 1.1 (0.7–1.6)

FT3, pg/mL (mean ± SD)
(median) (min–max)

2.43 ± 0.45 2.87 ± 0.42 <0.001b

2.4 (1.4–6.3) 2.8 (1.4–4.3)

Anti TPO, IU/mL (mean ± SD)
(median) (min–max)

58.07 ± 205.43 173.29 ± 515.45 <0.001b

28 (28–3501) 37 (28–6636)

Anti TG, IU/mL (mean ± SD)
(median) (min–max)

2.33 ± 34.22 4.67 ± 11.73 <0.001b

0.4 (0.1–621) 0.8 (0.1–183.8)

aStatistical analysis was performed by independent sample t-test in data with normal distribution
bMann–Whitney U-test was performed in the data without normal distribution

Bold values indicates statistically significant P values less than 0.05
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Thyroid disease and the severity of COVID-19

In Table 4, we analyzed the severity of COVID-19 and
thyroid disease. While no statistically significant association
was found between disease severity and subclinical hypo-
thyroidism, subclinical hyperthyroidism, and isolated
hypothyroxinemia (p > 0.05), the NTIS rate was sig-
nificantly higher (29.2–8.4%) in the moderate/severe/critical
group (p < 0.001).

Comparison of TFT analysis with COVID-19
according to ICU and NICU admissions and risk
analysis

The study population was divided into two groups based on
maternal ICU admission. As shown in Table 5, FT3 levels
of ICU-admitted patients were significantly lower than
those of non-ICU-admitted patients (p < 0.001), while there
was no statistically significant difference between groups
for TSH, FT4, anti-TPO, and anti-TG (p > 0.05). Logistic
regression analysis was performed with the parameters that
were significant in the univariate analysis to investigate the
association between FT3 and ICU admission. It was found
that FT3 level was a significant parameter inversely
affecting ICU admission (p < 0.001, OR= 0.912; 1- OR=
0.088) (95% CI: 0.811–0.969).
Subsequently, the study population was divided into two

groups based on fetal NICU admission. As shown in Table 6,

Table 2 Comparison of thyroid function analysis between groups
according to gestational-specific reference intervals

Variables Patient group
(n= 369)

Control group
(n= 378)

P value*

n % n %

TSH

low 8 2.2 3 0.8 0.034

normal 338 91.6 335 88.6

high 23 6.2 40 10.6

FT4

low 14 3.8 12 3.2 0.307

normal 349 94.6 364 96.3

high 6 1.6 2 0.5

FT3

low 49 13.3 8 2.1 <0.001

normal 308 83.4 314 83.1

high 12 3.3 56 14.8

Anti TPO

negative 346 93.8 284 75.1 <0.001

positive 23 6.2 94 24.9

Anti TG

negative 306 82.9 353 93.4 <0.001

positive 63 17.1 25 6.6

*Pearson-χ2 cross tables were used to analyze the relationships
between two qualitative variables

Bold values indicates statistically significant P values less than 0.05

Table 4 Comparison of thyroid diseases according to COVID-19
severity

Variables Mild
(n= 297)

Moderate/
Severe/
Critical
(n= 72)

Total
(N= 369)

P value*

n % n % N %

Subclinical hypothyroidism

Yes 11 3.7 4 5.6 15 4.1 0.475

No 286 96.3 68 94.4 354 95.9

Subclinical hyperthyroidism

Yes 5 1.7 — — 5 1.4 0.268

No 292 98.3 72 100 364 98.6

Isolated Hypothyroxinemia

Yes 1 0.3 — — 1 0.3 0.622

No 296 99.7 72 100 368 99.7

Nonthyroidal Illness Syndrome

Yes 25 8.4 21 29.2 46 12.5 <0.001

No 272 91.6 51 70.8 323 87.5

*“Pearson-χ2” crosstabs were used to analyze the relationships of two
qualitative variables

Bold values indicates statistically significant P values less than 0.05

Table 3 Comparison of thyroid function analysis between groups
according to Covid-19 severity

Variables Mild (n= 297) Moderate/
Severe/Critical
(n= 72)

P value

TSH (mean ± SD)
(median) (min–max)

1.34 ± 1.08 1.21 ± 1.18 0.194a

1.1 (0.1–9.1) 1.0 (0.1–8.7)

FT4 (mean ± SD)
(median) (min–max)

1.05 ± 0.58 1.00 ± 0.17 0.157a

1 (0.6–10.1) 1 (0.8–1.8)

FT3 (mean ± SD)
(median) (min–max)

2.50 ± 0.46 2.19 ± 0.35 <0.001a

2.4 (1.4–6.3) 2.2 (1.4–3.4)

Anti TPO n (%) 0.791b

Negative 278 (93.6%) 68 (94.4%)

Positive 19 (6.4%) 4 (5.6%)

Anti TG n (%) 0.065b

Negative 241 (81.1%) 65 (90.3%)

Positive 56 (18.9%) 7 (9.7%)

aThe “Mann–Whitney U”-test (Z-table value) statistics were used to
compare the measurement values of two independent groups in the
data that did not have a normal distribution
bPearson-χ2 cross tables were used to analyze the relationships
between two qualitative variables

Data were presented as mean ± SD, median (IQR: interquartile range),
and number (%) as appropriate

Bold values indicates statistically significant P values less than 0.05
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not only were the FT3 scores of the NICU-admitted infants
significantly lower than those of the non-NICU-admitted
infants (p < 0.001), but the FT4 scores were also significantly
lower in the NICU-admitted group (p= 0.013). Logistic
regression analysis with the parameters that were significant
in univariate analysis was used to investigate the relationship
between FT3, FT4, and NICU admission. It was found that
the FT3 value was an important parameter that inversely
affected NICU admission (p < 0.001, OR= 0.909; 1- OR=
0.091) (95% CI: 0.824–0.961).

Correlation analysis of laboratory biomarkers and
TFTs

Finally, we examined the correlation of lymphocyte count, IL
-6, CRP level, and TFT analysis in pregnant women with
COVID -19, as shown in Table 7. We observed a significant
positive correlation between lymphocytes with FT3 and TSH
levels (p < 0.001) and a significant negative relationship
between CRP with FT3 and TSH levels (p < 0.001, p= 0.005).

Discussion

Data on the relationship between COVID-19 and pregnancy
have been published since March 2020 [28–30]. However, to
the best of our knowledge, the current study is the first on the
analysis of thyroid function during the COVID-19 outbreak,
comparing confirmed SARS-CoV-2 positive pregnant women

with confirmed negative pregnant women and establishing an
association with disease severity in pregnancy.

As mentioned earlier, most data in the literature on
pregnant women are limited by the absence of FT3 mea-
surement and thyroid autoantibody status, so further studies
with these measurements were needed to determine the full
effects of COVID -19 on the HPT axis. Therefore, one of
the greatest strengths of our study was the inclusion of all
TFTs. Here, we report the effect of COVID -19 on the HPT
axis in pregnancy.

In the first part of the present study, we performed an
analysis of positive and negative pregnant cases. The com-
prehensive analysis of our study showed that pregnant women
infected with COVID -19 had significantly lower levels of
FT3, FT4, TSH, anti-TPO, and anti-TG compared to the
confirmed negative pregnant cases with the same baseline
characteristics. Although all TFTs were suppressed in the
study group, there was no difference in low FT4, while low
FT3 and low TSH were significantly higher in the patient
group. Wang et al. reported that TT3 and TSH levels were
lower in COVID -19 patients than in the healthy group [31],
which is consistent with our results, while no significant
difference was found in TT4, in contrast to our results, which
showed significantly lower FT4 levels. The contrast in FT4
may be due to the difference between the control groups in
both studies because healthy individuals who underwent a
routine annual physical examination before the onset of

Table 5 Comparison of TFT parameters between ICU-admitted and
non-ICU-admitted patients

ICU admission
Variables

No (n= 331) Yes (n= 38) P value

FT4 (mean ± SD)
(median)(min–max)

1.04 ± 0.55 0.99 ± 0.17 0.282a

1.0 (0.6–10.1) 1.0 (0.8–1.7)

FT3 (mean ± SD)
(median)(min–max)

2.47 ± 0.46 2.17 ± 0.34 <0.001a

2.4 (1.4–6.3) 2.2 (1.4––2.8)

TSH (mean ± SD)
(median)(min–max)

1.35 ± 1.13 1.08 ± 0.81 0.151a

1.1 (0.1–9.1) 1.0 (0.3–4.3)

Anti TPO n (%)

Negative 302 (91.3%) 36 (94.7%) 0.200b

Positive 29 (8.7%) 2 (5.3%)

Anti TG n (%)

Negative 285 (86.2 %) 35 (92.2%) 0.190b

Positive 46 (13.8%) 3 (7.8%)

aThe “Mann–Whitney U”-test (Z-table value) statistics were used to
compare the measurement values of two independent groups
bPearson-χ2 cross tables were used to analyze the relationships
between two qualitative variables

Bold values indicates statistically significant P values less than 0.05

Table 6 Comparison of thyroid function analysis in pregnant women
with COVID-19 according to NICU admission of neonates

NICU admission
Variables

No (n= 344) Yes (n= 25) P value

FT4 (mean ± SD)
(median)(min–max)

1.04 ± 0.54 0.94 ± 0.13 =0.013a

1.0 (0.6–10.1) 0.9 (0.8–1.3)

FT3 (mean ± SD)
(median)(min–max)

2,46 ± 0.45 2.12 ± 0.35 <0.000a

2.4 (1.4–6.3) 2.0 (1.4–2.9)

TSH (mean ± SD)
(median)(min–max)

1.31 ± 1.10 1.36 ± 1.17 =0.763a

1.1 (0.1–9.1) 1.0 (0.3–4.3)

Anti TPO n (%)

Negative 321 (93.3%) 25 (100.0%) =0.182b

Positive 23 (6.7%) —

Anti TG n (%)

Negative 282 (82 %) 24 (96.0%) =0.072b

Positive 62(18.0%) 1(4.0%)

aThe “Mann–Whitney U”-test (Z-table value) statistics were used to
compare the measurement values of two independent groups in the
data that did not have a normal distribution
bPearson-χ2 cross tables were used to analyze the relationships
between two qualitative variables

Data were presented as mean ± SD, median (IQR), and number (%) as
appropriate

Bold values indicates statistically significant P values less than 0.05
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COVID -19 served as controls in their study. Indeed, Lin et.
al. found that exposure to the COVID -19 outbreak was
independently associated with lower FT4 levels in pregnant
women [20]. Based on this study, it can be interpreted that
anxiety triggered by COVID -19 during pregnancy [32] sig-
nificantly affects maternal thyroid function. Of note, the
overall decrease in all TSH, FT4, and FT3 levels in SARS-
CoV-2 infected pregnant women are indicative of an indirect
nonthyroidal clinical picture rather than a direct thyroid effect.

Anti TPO and Anti TG positivity are known to be present
in 15.2 and 8.9% of unselected pregnant women, respec-
tively [33], and a recent meta-analysis found isolated
positivity of 4.1 and 4.8%, respectively [34]. Data suggest
that thyroid autoantibody positivity is associated with poor
fetal outcomes [35], and, in particular, with an increased
risk of preterm birth [36, 37]. Previous studies in non-
pregnant women have shown an increase in antithyroid
antibody levels 3 months after COVID-19 [22] and fol-
lowing COVID-19 vaccination [38]. However, data on the
impact of SARS-CoV-2 infection on thyroid autoantibodies
during acute disease are still limited. In our analysis of
unvaccinated pregnant women, we found that anti-TPO
positivity was significantly higher in the control group
(24.9–6.2%) and, paradoxically, anti-TG positivity was
significantly higher in the patient group (17.1–6.6%),
although both had significantly lower concentrations in the
patient group. However, we found that none of the auto-
antibodies were related to disease severity, ICU, and NICU
admission, both in terms of concentration and positivity.

In the second part of our study, we performed a subgroup
analysis in the positive pregnant cases according to disease
severity, thyroid dysfunction, ICU admission, and NICU
admission. We found that TSH and FT4 levels were sup-
pressed with disease severity, but this was not statistically
significant. On the other hand, moderately severe, severe,
and critical cases were found to have significantly lower
FT3 levels and a higher rate of NTIS than mild cases, which
is confirmed by the literature in recent studies on the non-
pregnant population [39–41]. Consequently, thyroid

function testing in pregnant patients seems reasonable,
although WHO does not recommend systematic thyroid
function testing in hospitalized COVID -19 patients [42].

In addition, FT4 and FT3 levels of positive pregnant
women with NICU admission were significantly lower than
those without NICU admission, but in logistic regression
analysis, we found an increased risk for NICU admission
only with decreased FT3 levels. Although maternal FT4
level is very important for the intrauterine life of fetuses, it
does not increase the risk for NICU admission in newborns,
even if it was significantly suppressed in the mother.

According to recent guidelines from ATA [26], subclinical
hyperthyroidism during pregnancy is not associated with
adverse outcomes and only needs to be monitored, whereas
subclinical hypothyroidism is associated with adverse
obstetric and fetal outcomes, and treatment with thyroxine is
recommended in selected cases. Data regarding the associa-
tion between isolated hypothyroxinemia and adverse mater-
nal and fetal outcomes are controversial. Some studies
suggest that isolated maternal hypothyroxinemia (IMH) is
associated with an increased risk of preterm birth and hence
admission to the neonatal intensive care unit [43, 44],
whereas others have found no association [45, 46].

Because the severity of COVID-19 is known to increase
the risk of perinatal complications, we found no association
between disease severity and subclinical hyperthyroidism
and IMH in the present study. On the other hand, COVID-
19 severity was significantly associated with NTIS and
insignificantly associated with subclinical hypothyroidism
in our study, as described in previous studies [47, 48]. In
view of analyzes using the logistic regression model to
evaluate the predictive potential of low FT3 for the risk of
non-mild COVID-19, ICU admission, and NICU admis-
sion, it has ensured that non-mild cases of COVID-19 may
lead to NTIS in pregnant women as well.

Finally, we investigated the correlation between TFTs
and some laboratory immune parameters at admission,
which are commonly used in COVID-19 diagnosis and
follow-up, because the thyroid gland is a neuroendocrine

Table 7 Correlation of
Lymphocyte count, IL-6, and
CRP levels with TFT analysis in
pregnant women with COVID-
19 infection

Correlationa Anti TPO Anti TG FT4 FT3 TSH

Lymphocyte r 0.004 0.007 −0.004 0.182 0.271

p 0.937 0.897 0.942 0.000 0.000

CRP r −0.041 −0.113 −0.020 −0.278 −0.148

p 0.429 0.131 0.750 0.000 0.005

IL-6 r −0.263 −0.227 0.005 −0.234 −0.203

p 0.153 0.219 0.979 0.206 0.274

CRP C-reactive protein, IL interleukin
a“Spearman” correlation coefficient was used to examine the relationships between two quantitative variables
that do not have a normal distribution

Bold values indicates statistically significant p values less than 0.05
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organ effective in immune regulation. We found that FT3
and TSH had a significant inverse correlation with CRP and
a direct correlation with lymphocytes, whereas there was no
correlation with IL-6. However, most data have shown that
IL -6 is also inversely related to FT3 levels, in contrast to
our results [49]. In the absence of a study on pregnant
women, similar studies in nonpregnant patients are con-
sistent with our results in CRP and lymphocytes [50–52].
Of note, FT4 levels showed no correlation with these
parameters, which may be due to the fact that FT3 is the
active form of FT4. Consequently, all these results support
the potential interactions between the HPT axis and the
immune system in COVID-19.

The main strengths of the present study were a large
number of cases despite the monocentric design, the
inclusion of all TFTs in all groups, and the fact that all
pregnant women were not vaccinated and were not taking
any medication that could affect TFT levels. Another
strength is the presence of a control group and a group of
patients with different clinical scenarios classified as mild,
moderate, severe, and critical. On the other hand, we have
some limitations. We matched the study groups based on a
molecular test (RT-PCR), which is highly specific and the
probability of false positive results is low, but false negative
results are possible [53]. In addition, thyroid imaging was
not performed in the patient group to assess the potential
effects of COVID -19 on the thyroid beyond TFTs and
antithyroid antibodies, particularly with regard to subacute
thyroiditis (also called de Quervain’s thyroiditis or viral
thyroiditis), which is an inflammatory disease of the thyroid
gland that usually follows or coexists with a viral infection,
especially in women, and in a recent review of case reports
and case series linking subacute thyroiditis to a viral com-
plication of COVID-19 [54].

In conclusion, SARS-CoV-2 infection appears to affect
thyroid function analysis in pregnant women, and TFT
levels, particularly FT3 levels, appear to be correlated with
disease severity. It is well established in the literature that
NTIS may be an early marker of poor outcomes of COVID-
19, and the current study shows that a suppressed FT3 level
has prognostic significance not only for disease severity and
ICU admission but also for neonatal ICU admission. Con-
sidering the results of the present study as inferential, our
study justifies the inclusion of FT3 in routine investigations
alongside TSH and FT4 in pregnancies complicated with
COVID-19. Given the ongoing COVID-19 pandemic, fur-
ther studies in pregnancy are certainly needed to determine
the full impacts of COVID -19 on the HPT axis, whereas
similar data in pregnancy are still limited.
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