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Abstract

Background: The outbreak of COVID-19 epidemic has induced entire cities in China placed

under ‘mass quarantine’. The majority of pregnant women have to be confined at home may

be more vulnerable to stressors. In our study, we aimed to explore the effects of the epidemic

on maternal thyroid function, so as to provide evidence for prevention and intervention of

sustained maternal and offspring’s health impairment produced by thyroid dysfunction.

Methods: The subjects were selected from an ongoing prospective cohort study. we included

the pregnant women who receive a thyroid function test during the COVID-19 epidemic and

those receiving the test during the corresponding lunar period of 2019. A total of 7148

pregnant women with complete information were included in the final analysis. Multivariate

linear and logistic regression models were used for analyzing the association of COVID-19

pandemic with FT4 levels and isolated hypothyroxinemia.

Results: We found a decreased maternal FT4 level during the period of the COVID-19

pandemic in first and second trimesters(p=-0. 131, 95%CI=-0.257,-0.006, p=0.040) and in

first trimester (B=-0. 0.176, 95%CI=-0.326,-0.026, p=0.022) when adjusting for 25 (OH)

vitamin D, vitamin B12, folate and ferritin and gestational days, maternal socio-demographic

characteristics and health conditions. The status of pandemic increased the risks of isolated
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hypothyroxinemia in first and second trimesters (OR=1.547, 95%Cl= 1.251,1.913, p<0.001)

and first trimester (OR=1.651, 95%C1=1.289,2.114, p<0.001) when adjusting for the

covariates. However, these associations disappeared in the women with positive TPOAb

(p>0.05). Additionally, we found associations between daily reported new case of COVID-19

and maternal FT4 for single-day lagl, lag3 and multi-day lag01 and lag04 when adjusting for

the covariates (each p<0.05).

Conclusions: Mass confinement as a primary community control strategy may have a

significant cost to public health resources. Access to health service systems and adequate

medical resources should be improved for pregnant women during the COVID-19 pandemic.

Key words: COVID-19 pandemic; maternal isolated hypothyroxinemia; stress-related:;

pregnant women

1. Introduction

Thyroid function during early pregnancy appears to be linked to risk of fetal loss(Lee et

al., 2019), preeclampsia(Su et al., 2019; Wu et al., 2019), low birth weight(Lee et al., 2019),

and an offspring’s long term emotional and behavioral outcomes(Andersen et al., 2018a;

Andersen et al., 2018b; Fetene et al., 2020), due to the fetus depending on maternal thyroid



hormones during the critical period of pregnancy(Pakkila et al., 2018). In addition to genetic

predisposition, thyroid function is affected by environmental demands such as stress.

Recent evidence has suggested that the hypothalamic—pituitary—thyroid (HPT) axis is

responsive to stress(Guo et al., 2015; Helmreich and Tylee, 2011; Zhang et al., 2018), and

thyroid dysfunction could be induced(Olivares et al., 2012). Level of serum thyroxine (T4)

and triiodothyronine (T3) have been found to be decreased in pregnant and young

women(Aliev et al., 1987; Hohtari et al., 1987) in humans after physical or psychological

stress. However, the results are inconsistent since the effect of psychological stress on thyroid

function are complex and dependent on the Kind of stressor, intensity, and duration, as well as

an individual’s physiological state(Gianferante et al., 2014; Guo et al., 2015; Helmreich et al.,

2005; Kuhlman et al., 2018; Roos et al., 2019).

Since late December of 2019, COVID-19 emerged from Wuhan, and resulted in an

outbreak in China that expanded globally(Wu et al., 2020; Zhu et al., 2020). The COVID-19

pandemic has placed entire cities in China under mass confinement (lockdown of cities). The

majority of pregnant women have been confined themselves at home during the pandemic,

which inevitably causes additional stress(Chua et al., 2020). Women undergoing major



physiological changes during pregnancy may be more vulnerable to stressors such as fears of

infection, frustration, boredom, inadequate supplies, inadequate information, and financial

loss(Brooks et al., 2020).

In this study, we hypothesized that the COVID-19 pandemic could be associated with

maternal thyroid function in early pregnancy. The aims of the present study were 1) to

compare the level of maternal thyroid function during early pregnancy before and during the

COVID-19 pandemic in healthy pregnant women, 2) and to explore the acute effects of daily

changes of the pandemic on maternal thyroid function, so as to provide evidence for

prevention and intervention in circumstances where sustained maternal and offspring health

impairments arise from thyroid dysfunction.

2. Methods

2.1 Study design and subjects

The subjects were selected from an ongoing prospective cohort study, which is to follow

up the maternal and offspring’s mental health from early pregnancy. The study was conducted

at the Shanghai First Maternity and Infant Hospital — which covers about 1/8 of the obstetric

services of Shanghai city with 30,000 deliveries per year. During the COVID-19 pandemic,



the majority of hospitals closed unscheduled outpatient visits and most scheduled

appointments. However, routine maternal health care clinics remained open as usual. Since 21

January 2020, the government of Shanghai has started daily reports regarding the COVID-19

pandemic in Shanghai. Therefore, we included pregnant women who received a thyroid

function test during the COVID-19 pandemic from 21 January to 24 March of 2020. The

pregnant women who receiving the test during the corresponding period of 2019 according to

Chinese lunar calendar were included in the control population. A total of 7148 pregnant

women with complete information were included in the final analysis (Figure 1). Additionally,

because the COVID-19 infection is also related with thyroid disease(Chen et al., 2021), the

pregnant women infected with COVID-19 were included from our study. All pregnant

women infected with COVID-19 in Shanghai will be confined and received the treatment in a

designated hospital (Shanghai Public Health Clinical Center) according to government’s

regulation. The Human Ethics Committee of Shanghai First Maternity and Infant Hospital

approved the study (KS20172), and all participants provided written informed consent prior

to enrollment.



2.2 Definition of variables

We used daily outbreak situation reports communicated by provincial health authorities,

covered by state television and media, and posted on DXY.cn(Huang et al., 2020; Wang et al.,

2020). Shanghai confirmed its first case of the novel coronavirus-related pneumonia in the

evening of 20, January 2020 and reported the first case on 21 January. It is until 24 March of

2020 when the last local case of COVID-19 was reported during the first half year of 2020.

Therefore, we included pregnant women who receive a thyroid function test during the

COVID-19 pandemic (from 21 January to 24 March of 2020) and those receiving the test

during the corresponding period of 2019 (from 1 February to 5 April of 2019) according to

the traditional Chinese lunar calendar. We considered using the corresponding period (lunar

calendar) as controls because the Spring Festival within this period has important effects on

the psychological status and other activities in the Chinese population(Chen et al., 2020;

Zhong et al., 2020).

A maternal blood sample was collected at the first antenatal visit (in the first or second

trimester). The thyroid function indexes including TSH, FT4, TPOAb were measured using

fluorescence and chemiluminescence immunoassays with ADVIA Centaur instruments and



kits (Siemens, Munich, Germany). Isolated hypothyroxinemia is defined by a lower FT4 level

(<5th percentile) of study population in conjunction with a normal maternal TSH

concentration (2.5th-97.5th) using trimester-specific reference in our institution according to

the 2017 Guidelines of the American Thyroid Association(Alexander et al., 2017). For the

first trimester, the reference intervals were 0.028-3.761mIU/L for TSH and <14.860 pmol/L

for FT4. For the second trimester, they were 0.030-4.353 mIU/L for TSH and <13.764

pmol/L for FT4. TPOAD were categorized as negative (< 60 TU/mL) or positive (> 60 TU/mL)

according to the Chinese Society of Endocrinology. Detailed information on thyroid function

tests was described in our previously published article(Ying et al., 2016). Circulating 25(0OH)

vitamin D is the principal biomarker of vitamin D status in humans which is related with

outdoor activity. We quantified 25(OH) vitamin D concentrations in maternal plasma. Fasting

venous blood was collected at the first antenatal visit. Plasma levels of 25(OH) vitamin D

were determined by chemiluminescence method using Abbott's chemiluminescence

immunoassay analyzer (ARCHITECT i2000 SR). Vitamin B12, folate and ferritin levels were

measured in blood plasma using chemiluminescent microparticle immunoassay (CMIA)

technology, which is detected on the Beckman Dx1800 automatic immunoassay analyzer.



We chose socio-demographic information collected from our ongoing cohort which was

likely to moderate the association between the status of the COVID-19 pandemic and thyroid

function. We divided maternal age at enrollment into three age bands of ‘<20°, ‘=20 and <35’

and ‘=35’. Pre-pregnancy BMI was calculated according to mother’s height and

pre-pregnancy weight. We categorized maternal BMI into ‘<18.5 kg/m? (underweight) *,

>18.5 and <25kg/m?(normal weight) * and ‘=25 kg/m? (overweight or obesity) > according

to the WHO BMI classification(Consultation, 2004).

2.3 Statistical analysis

Multivariate linear regression models were used for analyzing the association of

COVID-19 pandemic with FT4 levels during the first and second trimester. The multivariate

logistic regression models were built for odds ratio (OR) between pandemic status and

isolated hypothyroxinemia. For each regression model, we adjusted for covariates including

the nutrients relating with daily activity and diets such as 25 (OH) vitamin D, vitamin B,

folate and ferritin, and maternal age at enrollment, occupation, marital status, pre-pregnancy

BMI, parity, and the day in gestation when the thyroid functions were measured. Additionally,



a stratified analysis was performed to analyze the above associations according to the TPOAb

status.

To further confirm whether the serum FT4 variation was induced by stress, we explored

the effects of daily reported new cases on maternal FT4 and isolated hypothyroxinemia. We

firstly analyze the linear or non-linear relationship of daily reported new cases with FT4 and

risk of isolated hypothyroxinemia at lagl using a generalized additive mixed model (GAMM)

with the thin plate regression splines. The result showed that there was linear relationship of

daily reported new cases with FT4 and risk of isolated hypothyroxinemia (Appendix A).

Therefore, the mixed effect model and multilevel logistic regression models were used to

calculate the effect estimates of daily reported new case on FT4 and isolated

hypothyroxinemia respectively based on their linear relationship, and when considering the

random effects (correlation of samples under pandemic status of the same day). We further

fitted the model with different lag structures, including both single-day lag (from lag0 to lag4)

and multi-day lag (lag01 and lag04). In single-day lag models, a lag of Day 0 (lag0)

corresponds to the current-day change, and a lag of Day 1 (lagl) refers to the previous-day

change; in multi-day lag models, lag 01 and lag 04 corresponds to 2-day and 5-day moving
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average of reported case of the current and previous 4 days. All analyses were performed in R

3.6.1 using the GLMMTMB and GAMM4 packages. A p<0.05 was considered statistically

significant.

3. Results

Of 7148 participants included in final analysis, the means of FT4 and TSH were 17.791

pmol/L and 1.485 mlU/L, with standard deviations (SD) of 2.657 and 2.088 respectively.

According to the laboratory reference ranges and diagnostic standards, 854 (11.9%) subjects

were identified as TPOAD positive, and 6294 subjects were negative (88.5%). A total of 398

(5.6%) subjects were identified as maternal isolated hypothyroxinemia. The thyroid function

by status of COVID-19 pandemic and gestational age was presented in table 2.

We found a decreased maternal FT4 level during the period of COVID-19 pandemic

when adjusting for 25 (OH) vitamin D, vitamin B12, folate and ferritin and gestational days,

maternal socio-demographic characteristics and health conditions in first and second

trimesters(f=-0. 131, 95%CI1=-0.257,-0.006, p=0.040) and in first trimester (f=-0. 0.176,

95%CI=-0.326,-0.026, p=0.022). The stratified analysis showed that the statistically

significant association remained in subjects with negative TPOAb when adjusting for
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covariates in first and second trimesters (3=-0.147, 95%CI=-0.280, -0.015, p=0.030), first

trimester (B=-0.176, 95%CI1=-0.336, -0.016, p=0.031) and second trimester (=-0.269,

95%CI1=-0.501, -0.037, p=0.023). However, the association disappeared in women with

positive TPOAD (each p>0.05).

The status of the COVID-19 pandemic increased the risks of isolated hypothyroxinemia

when adjusting for 25 (OH) Vitamin D, vitamin B12, folate and ferritin and gestational days,

maternal socio-demographic characteristics and health conditions in first and second

trimesters (OR=1.547, 95%CI=1.251,1.913, p<0.001) and first trimester (OR=1.651,

95%CI=1.289,2.114, p<0.001). Stratified analysis showed that the adjusted risks remained

statistically significant in subjects with negative TPOAD in the first and second trimesters

(OR=1.702, 95%CI1=1.352, 2.144, p<0.001), and in first trimester (OR=1.756,

95%CI=1.343,2.297, p<0.001) and second trimester (OR=1.940, 95%CI1=1.189,3.190,

p=0.008). However, the risk disappeared in women with positive TPOAb (p>0.05).

To further confirm whether the serum FT4 variation was induced by stress-related

pandemic, we explored the association between daily reported cases of COVID-19 and

maternal FT4. We found that the increased reported case was associated with the a deceased
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FT4 level when adjusting for 25 (OH) vitamin D, vitamin B12, folate and ferritin and

gestational days, maternal socio-demographic characteristics and health conditions, and the

acute effect estimates varied by lag structure. Statistically significant associations between

daily new report case of COVID-19 and maternal FT4 were observed for single-day lagl, lag

3 and multi-day lag 01, lag 04 (Figure 2). We did not find any associations of daily reported

new case with the isolated hypothyroxinemia by lag structure (Figure 3).

4. Discussion

The results of this study confirm and expand our limited knowledge about the impact of

the COVID-19 pandemic on health outcomes. We observed a lower maternal FT4 level and a

higher risk of isolated hypothyroxinemia during the pandemic when adjusting for the

nutrients which are related with diets and outdoor activity. There was a relationship with

more reported new cases of COVID-19 following lower maternal FT4 level. To the best of

our knowledge, there has been little research examining the influence of COVID-19

pandemic on thyroid function. The thyroid dysfunction during pregnancy, as a result of the

COVID-19 pandemic, could suggest a long-term risk to maternal and offspring health.
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Our results showed a decreasing level of maternal FT4 and a higher risk of isolated

hypothyroxinemia during COVID-19 pandemic even adjusting for the serum nutrients such as

vitamin By, folate, 25 (OH) vitamin D and ferritin, and other maternal socio-demographic

and health characteristics. The outbreak of the COVID-19 pandemic has seen entire cities in

China effectively placed under a mass confinement. The implementation of unprecedented

strict quarantine in China has kept a large number of people in isolation and affected many

aspects of people’s lives. The previous study has reported that the serum 25 (OH) vitamin D

was related with outdoor activity (Musa et al., 2018). Although we did not found significant

difference of vitamin-D levels between the pregnant women before and under COVID-19

pandemic in our study, we still considered it as one of the adjusting variables when exploring

the association between COVID-19 pandemic and thyroid function for its possible

confounding effect. Additionally, the deficiency of iron, vitamin B12, and folate has been

implicated as an etiologic factor in maternal isolated hypothyroxinemia which mostly intake

through diet could have been affected during the COVID pandemic(Avnon et al., 2020;

Collins and Pawlak, 2016; Singh et al., 2017). However, in our study, these serum nutrients
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did not mediate and moderate the effects of COVID pandemic on FT4 and isolated

hypothyroxinemia.

It has been reported that COVID-19 pandemic has triggered a wide variety of

psychological problems(Brooks et al., 2020). Therefore, we inferred that the stress induced by

the COVID-19 pandemic might influence the maternal FT4 level and isolated

hypothyroxinemia. There was a nationwide survey in China showed higher scores of

psychological distress, and females are much more vulnerable to stress than their male

counterparts(Qiu). More than two months of confinement at home during the pandemic could

induce a mild stress in pregnant women, and which may alter the rhythmicity of the HPT axis,

dropping levels of T3 and T4 according to a previous study in rats(Guo et al., 2015). Serum

T4 levels progressively dropped following capture and confinement of naturally fasting

penguins(Groscolas and Leloup, 1989). Repeated exposure to mild-electric foot-shock causes

a decrease in peripheral thyroid hormone levels in an animal trial(Helmreich et al., 2005). In

human beings, it has been reported that stress leads to a drop in serum thyroid hormones in

pregnant women(Aliev et al., 1987). Recent researches supported that patients with
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hyperthyroidism report a history of more stressful life events than their normal counterparts

(Khan et al., 2020; Lang et al., 2020; Winsa et al., 1991).

Additionally, we found an association between daily reported new cases of COVID-19

and maternal FT4 measured on following 1(lagl) and 3 days(lag3), as well as the cumulative

effects (lag01 and lag04). It further confirmed that the drop in FT4 during COVID-19

pandemic might be stress-induced. A study has found that T3 tends to diminish two hours

after a stressor such as acute electric shocks(Helmreich et al., 2005). An increase in T3 and

T4 were observed within two minutes of acute immobilization, with a following decrease two

hours later(Langer et al., 1983). Unfortunately, we did observe higher risk of isolated

hypothyroxinemia in response to daily reported cases. Evidence from previous research has

observed hypothyroidism after more than one week of social stress exposure in rats, based on

a time-cause study(Olivares et al., 2012). It might take more time to induce a significant

variation of FT4(hypothyroidism). Further study is needed to explore the mechanism of

stress-related pandemic on hypothyroidism.

The stratified analysis showed that the impact of the COVID-19 pandemic produced a

lower FT4 level and higher risk of hypothyroidism in women with negative TPOADb, but
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disappeared in women with positive TPOAb. Previous research has reported that low thyroid

hormone levels were related to the low humoral specific immune response in stressed animals,

and assumed that stress conditions can alter thyroid axis function that in turn affects the

immune response(Cremaschi et al., 2000). A combined stress could induce

immunosuppression in the generation of adaptive immune responses(Zhang et al., 2018).

However, the involved interaction between hypothyroidism and immune response in stressed

pregnant women is needed to explore in future study.

5. Conclusions

Our study provided important evidence to health threats in pregnant women under mass

guarantine during a severe pandemic. Maternal thyroid dysfunction represents a risk factor for

maternal morbidity(Medici et al., 2014; Su et al., 2019; Wu et al., 2019) and neuropsychiatric

disorders in both mother and offspring(Andersen et al., 2018a; Fetene et al., 2020; Fetene et

al., 2019; Ibanez et al., 2015; Nelson et al., 2018; Saki et al., 2014; Stewart, 1991; Szpunar

and Parry, 2018). Responding to the outbreak of COVID-19 using a mass confinement

(downlock of cities) as a primary community control measure may produce a significant cost

to public health resources(Brooks et al., 2020; Reynolds et al., 2008). Accessibility to public
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health service system and medical resources should be reformed or further improved under

COVID-19 or other future severe pandemics. And further efforts should be made

after the pandemic subsides because the impacts of maternal thyroid dysfunction persist in

mothers and offspring over the long term.

6. Strength and Limitations

The strength of our study is to reveal the effects of stress-related pandemic of COVID-19

on FT4 and isolated hypothyroxinemia when considering the serum nutrients, which is related

with outdoor activity and diets. The results further confirmed by acute variation of FT4 in

response to daily reported new case of COVID-19. However, we did not detect maternal

iodine levels during pregnancy which is important to the synthesis of thyroid

hormones(Anees et al., 2015; Velasco et al., 2013; Yang et al., 2018; Yoganathan et al., 2015),

because iodized salt has been supplied in China since 1996 (Teng et al., 2006), and current

dietary iodine intake in a coastal city (e.g. Shanghai) has been considered sufficient enough

for pregnant women. Additionally, information was not collected about the experiences of

subjects placed under confinement such as compliance, difficulties, emotional response,

psychological stress, as well as sleep problems using valid scales. Further studies analyzing

18



the risk of hypothyroidism during a pandemic should assess subjects’ stress levels and other

psychological statuses. Additionally, pregnancy has a significant impact on the thyroid

function(Ashoor et al., 2010; Salek et al., 2018), we did not measure other hormones (e.g.

HCG) which may affect the thyroid function during pregnancy(Zhang et al., 2019). Therefore,

gestational days were considered as an adjusting variable when analyzing the association

between the COVID-19 pandemic and thyroid function in our study.
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2930 pregnant women who received 4451 pregnant women who received

thyroid function screening from 21 thyroid function screening from 1
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last menstrual period.
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The thyroid function
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v Women with a known history
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study.
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with complete information

A4

A total of 7148 women were included in the final analysis

Fig. 1. Flowchart of the study population
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Fig. 2. The effects of daily new reported cases of COVID-19 on maternal FT4(A)
and isolated hypothyroxinemia(B) classified by different lag days when adjusting or
not adjusting for 25 (OH)vitamin D,vitamin B12, folate, ferritin and gestational days,

maternal socio-demographic characteristics and health conditions (n=2930).
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Table 1

Maternal socio-demographic characteristics and health conditions in study populatioon(n=7148)

Under COVID-19 epidemic status

Gestational age

No Yes First trimester Second trimester
Maternal age at enrollment n
(%)
<20 11(0.2) 6(0.1) 5(0.2) 4(0.1) 7(0.4)
20-34 6078(85.0) 3622(85.9) 2456(83.8) 4479(84.8) 1599(85.7)
=35 1059(14.8) 590(14.0) 469(16.0) 800(15.1) 259(13.9)
Occupation n (%)
Employed 5539(77.5) 3326(78.9) 2213(75.5) 4264(80.7) 1275(68.4)
Unemployed 1609(22.5) 892(21.2) 717(24.5) 1019(19.3) 590(31.6)
Marital status n (%)
Married 6559(91.8) 4010(95.1) 2549(87.0) 4898(92.7) 1661(89.1)
Not married 589(8.2) 208(4.9) 381(13.0) 385(7.3) 204(10.9)
Pre-pregnancy BMI? n (%)
Underweight 847(11.9) 507(12.0) 340(11.6) 612(11.6) 235(12.6)
Normal 5478(76.6) 3253(77.1) 2225(75.9) 4075(77.1) 1403(75.2)
Overweight or obesity 823(11.5) 458(10.9) 365(12.5) 596(11.3) 227(12.2)
Parity n (%)
Nulliparous 5261(73.6) 3064(72.6) 2197(75.0) 3970(75.1) 1291(69.2)
Multiparous 1887(26.4) 1154(27.4) 733(25.0) 1313(24.9) 574(30.8)
VBy, pg/ml M(SD) 362.078(158.402)  380.386,(158.018)  335.723(155.232) 380.285(161.392) 310.502(137.089)
Ferritin ng/ml M(SD) 57.800(46.592) 55.647(43.261) 60.900(50.854) 59.938(47.323) 51.745(43.907)
Folate ng/ml M(SD)> 19.358(5.055) 18.82(5.119) 20.128(4.862) 19.905(4.684) 17.808(5.706)
25 (OH) Vitamin D
ng/ml M(SD) 38.883(19.942) 38.831(19.471) 38.956(20.605) 38.466(19.299) 40.063(21.621)

“Prepregnancy BMI presented as three categories (underweight: <18.5 kg/m?, normal: >18.5 and <25kg/m?, Overweight or obesity: >25 kg/m?)
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Table 2
Thyroid function by COVID-19 pandemic status and gestational age(n=7148)

Under COVID-19 epidemic status

Gestational age

Characteristics o .
No Yes First trimester Second trimester

FT4 (pmol/L) M(SD) 17.791(2.657) 17.872,2.515  17.673,2.845 18.122, 2.631 16.852, 2.502
TSH (mIU/L) M(SD) 1.485(2.088) 1.468,1.082  1.511,2.992 1.386, 1.083 1.768, 3.645
TPOAb n(%)
Negative (< 60 IU/ml) 6294(88.1) 3764(89.0) 2530(86.0) 4664(88.0) 1630(87.0)
Positive (>60 1U/ml) 854(11.9) 454(11.0) 400(14.0) 619(12.0) 235(13.0)
Isolated hypothyroxinemia
n(%)?
Yes 6750(94.4) 193(4.6) 205(7.0) 298(5.6) 100(5.4)
No 398(5.6) 4025(95.4) 2725(93.0) 4985(94.4) 1765(94.6)
®A trimester-specifiic criteria was used with FT4 < 5 percentile and TSH between 2.5 and 97.5 pencentile

Table 3

The impact of COVID-19 pandemic status on serum FT4 level (n=7148)

Crude B% (95% CI) Adjusted B (95% CI) Adjusted p° (95% CI)

Total subjects

First and second trimesters
First trimester

Second trimester

Subjects with negative TPOAb

First and second trimesters
First trimester

Second trimester

Subjects with positive TPOAb

First and second trimesters
First trimester

Second trimester

-0.199(-0.324,-0.074)**
-0.178(-0.323,-0.033)*
-0.046(-0.274,0.182)

-0.229(-0.362,-0.097)***
-0.177(-0.331,-0.022)*
-0.144(-0.378, 0.091)

0.051(-0.332,0.434)
-0.120(-0.549,0.310)
0.570(-0.230,1.370)

-0.241(-0.367,-0.114)***
-0.213(-0.360,-0.065)**
-0.120(-0.353,0.112)

-0.261(-0.395,-0.126)***
-0.206(-0.363,-0.048)*
-0.195(-0.433,0.044)

-0.070(-0.455,0.314)
-0.220(-0.649,0.210)
0.325(-0.489,1.139)

-0.131(-0.257,-0.006)*
-0.176(-0.326,-0.026)*
-0.208(-0.435,0.018)

-0.147(-0.280,-0.015)*
-0.176(-0.336,-0.016)*
-0.269(-0.501, -0.037)*

0.002(-0.387,0.391)
-0.151(-0.592,0.289)
0.287(-0.533,1.107)

“Not adjusted for other variables

bAdjusted for 25 (OH) vitamin D, vitamin B12, folate and ferritin
CAdjusted for 25 (OH) vitamin D,vitamin B12, folate and ferritin and gestational days, maternal socio-demographic characteristics and health

conditions

*p<0.05, **p<0.01,***p<0.001
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Table 4

The impact of COVID-19 pandemic status on isolated hypothyroxinemia(n=7148)

Crude OR? (95% Cl) Adjusted OR°(95% CI)  Adjusted OR® (95% CI)
Total subjects
First and second trimesters 1.569(1.281,1.922)***  1.588(1.289,1.956)***  1.547(1.251,1.913)***
First trimester 1.686(1.334,2.132)***  1.701(1.337,2.165)***  1.651(1.289,2.114)***
Second trimester 1.285(0.858,1.926) 1.301(0.852,1.989) 1.508(0.965,2.362)
Subjects with negative TPOADb
First and second trimesters 1.705(1.369,2.125)***  1.729(1.379,2.169)***  1.702(1.352,2.144)***
First trimester 1.741(1.350,2.247y***  1.767(1.360,2.296)*** ~ 1.756(1.343,2.297)***
Second trimester 1.618(1.047,2.517)* 1.608(1.015,2.561)* 1.940(1.189,3.190)**
Subjects with positive TPOAb
First and second trimesters 0.923(0.541,1.562) 0.941(0.545,1.613) 0.804(0.451,1.415)
First trimester 1.313(0.719,2.411) 1.313(0.707,2.450) 1.032(0.534,1.991)
Second trimester 0.261(0.058,0.861)* 0.300(0.065,1.024) 0.310(0.063,1.125)

“Not adjusted for other variables

bAdjusted for 25 (OH) vitamin D, vitamin B12, folate and ferritin
cAdjusted for 25 (OH) vitamin D,vitamin B12, folate and ferritin and gestational days, maternal socio-demographic characteristics and health

conditions
*p<0.05, **p<0.01,***p<0.001
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Highlights

We observed a lower maternal FT4 level and a higher risk of hypothyroxinemia during
the pandemic when adjusting for the nutrients which are related with diets and outdoor
activity.

There was a relationship with more new reported cases of COVID-19 following lower
maternal FT4 level.

The thyroid dysfunction during pregnancy due to the COVID-19 pandemic could suggest

a long-term risk to maternal and offspring health.
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