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Background: The relationship of iron deficiency and thyroid hormone has been researched a lot among pregnant or other healthy
population. However, invisible iron deficiency, namely shortage of serum ferritin (sFer) level, has been barely investigated among
Chinese pregnant women. This study aimed to explore the effects of sFer status on thyroid function and pregnancy outcomes in
a population-based upper first-class hospital.

Methods: A total of 781 singleton pregnant women of gestation in Shanghai General Hospital took part in this retrospective cohort
study. The participants were divided into four groups by quartiles of serum ferritin levels (Q1-4). Binary logistic regressions were used
to examine the strength of association between the different traits and the serum ferritin (sFer) quartiles separately, where Q1 (lowest
ferritin quartile) was taken as the base reference. One-way ANOVA was adopted to compare the averages of the different variables
across sFer quartiles. Categorical measures were compared by Fisher exact test or chi-square test.

Results: As the sFer concentration rises, incidence of premature birth (15.8%vs 12.3% vs 9.20% vs 6.20% p = 0.016) as well as
threatened miscarriage (14.8% vs 7.2% vs 8.70% vs 6.70% p = 0.021) presented a downward trend. Compared with the other sFer
group, subjects of the low sFer group were older, more often to be found to have lower serum yT3 and FT4 levels in early pregnancy
but not in middle pregnancy.

Conclusion: sFer concentration in the first trimester can affect thyroid function. The correction of invisible iron deficiency with
inadequate sFer status prior to pregnancy or during early pregnancy is imperative, not only to prevent anemia, but also for maintaining
optimum thyroid function and normal fetal development. For clinicians, sFer status of pregnant women should be attached great
importance apart from attention to iron level.
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Introduction

Subclinical hypothyroidism (SCH) occurs when one individual still has normal range of serum thyroid hormone, but
serum thyroid-stimulating hormone (TSH) levels jump outside the reference range. In most cases, the condition is so mild
that a person barely notices it until hypothyroidism is present. However, emerging studies have discovered that thyroid
hormone during pregnancy has been associated with various physiological processes related to a higher risk of pre-
eclampsia, preterm birth, placental development and function, fetal growth, impaired cognitive function of offspring and
spontaneous abortion.'* The maintenance of normal function of thyroid gland requires a diversity of trace elements,
among which iron is an essential one.>® Iron deficiency remains a global problem, affecting roughly 20% of the world’s
population.” Iron deficiency undermines the synthesis and metabolism of thyroid hormones, including impairing plasma
concentrations of T3 and T4 and increasing hepatic reverse T3 deiodination, which indicates that population deficient in
iron is likely to metabolize thyroid hormone via a deactivating pathway.® Pregnant women are much more prone to
develop thyroid disorders, which probably lie in poor adaptation to changes in the physiology of the thyroid gland during
pregnancy, including increased microelement demands. Data show that 0.2% to 0.6% of pregnant women develop overt
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hypothyroidism (elevated concentrations of TSH with low concentrations of free T4)'’; however, maternal SCH
(elevated concentrations of TSH with normal concentrations of free T4) occurs in 3.5% to ~18% of all pregnancies,“*
13 suggesting a higher prevalence.

Serum ferritin is a major iron storage protein, a widely used marker for total body Fe stores, with a nano-sized core of
hydrated iron oxide and a cage-shaped protein shell, containing 20% iron. Several studies reported that concentrations of
serum ferritin are altered in patients with thyroid disease, denoting that ferritin levels in blood reflect thyroid function.
Iron supplementation improves some indices of thyroid function in iron-deficient adolescent girls.

The relationship of iron deficiency and thyroid hormone has been researched a lot among pregnant or other healthy
population. However, the relationship between different status of serum ferritin and SCH has not been well investigated
in the Chinese pregnant population. Hence, our purpose was to assess the relationship between sFer levels and SCH in
pregnant women during the first and second trimester. We also explored the effects of sFer levels on the pregnancy
outcomes.

Methods and Materials
Ethical Approval

The study was conducted in accordance with the Declaration of Helsinki and was approved by the Ethics Committee of
Shanghai General Hospital. As this is a retrospective research, informed written consent was exempted but oral
permission was obtained from all individual participants before embarking on this study.

Subjects

This retrospective study obtained obstetrical parameters and biological data through electronic medical records system
from Department of obstetrics in Shanghai General Hospital on 781 singleton pregnant women aged 21-44 years
hospitalized for delivery during January 2021 to Oct 2021.

Recruitment criteria of the study population included: 1) live-birth singleton pregnancy; 2) women’s age >18 years
old; 3) had their first antenatal care visit between 10 and 20 weeks of gestation. Patients were excluded if they were
complicated by 1) stillbirths, 2) congenital fetus malformation, 3) a prior history of thyroid diseases including thyroid
dysfunction and thyroid autoimmunity, any other chronic disorders such as hypertension, dyslipidemia, diabetes mellitus,
acute or chronic liver diseases, taking oral contraceptive medicine or any other medical agents that might influence
thyroid function at the beginning of enrolment, 4) multiple gestations and 5) incomplete medical records.

Among 800 women who met these criteria, 5 refused to participate orally, 6 had abortions before 24 weeks of
gestation, and 4 did not undergo an assessment for GDM diagnosis and 4 were excluded for not performing serum lipid
tests. Ultimately, a total of 781 pregnant women were included in this analysis.

In the very first antenatal examination, all pregnant women were asked to complete the questionnaires relevant
personal history of pro-gestational medical information, such as age, height, weight, gravidity and parity history,
husbands’ personal data, personal history of thyroid diseases, chronic diseases such as hypertension, dyslipidemia,
diabetes mellitus, acute or chronic liver diseases, and if taken oral contraceptive medicine.

Clinical Measurements

All measurements and the sample collections were performed in the morning after an overnight fast. Blood samples was
extracted in gestation 10—14 weeks for early pregnancy and 24-28 weeks for middle pregnancy. Pre-pregnancy body
mass index (P-BMI) (kg/m?) was calculated through weight (kg)/height® (m?). Given the currently available evidence, we
adopted the definition of SCH as pregnant women with serum levels of TSH that are above than pregnancy-specific
reference ranges or >4 mIU/l, regardless of TPO antibody status.'*

Laboratory Examinations
Serum TSH, fT4, and TPOAb levels were measured at a clinical analysis laboratory by using an automated two-step
chemiluminescent immunoassay on an ARCHITECT analyzer (Roche Cobas €602, Germany).
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Statistical Analyses

Statistical analyses were performed using IBM SPSS version 25.0 (IBM Corp., Armonk, NY, USA). The participants
were stratified by SFer levels. They are grouped as Q1, Q2, Q3 and Q4. Normality of the data distribution was tested by
the Kolmogorov—Smirnov method. Data with normal distribution were presented as mean + standard deviation.
Categorical data were presented as percentages (cases/absolute numbers). One-way ANOVA tests were used to analyze
statistical differences among the study participant’s characteristics in relation to serum ferritin quartile (Q1-4) groups.
Binary logistic regressions were used to examine the strength of association between the different traits and the SFer
quartiles separately in the first trimester, while Q1 (lowest ferritin quartile) was taken as the base reference.

Results

The participants were divided into four groups based on their serum ferritin quartile (Q1: 13.98 £ 5.78ug/L, N = 196; Q2:
31.40 £ 5.01pg/L, N = 195; Q3: 53.58 + 8.18ug/L, N = 195; and Q4: 116.61 + 59.33pug/L, N = 195) at the beginning of
the study, and their characteristics are presented in Table 1. Compared with the other sFer group, subjects of the low sFer
group were older, more often to be found to have lower serum yT3 and FT4 levels. By contrast, blood glucose data
presented an opposite trend. Starting with 5.14 = 0.38, this number reached 5.24 + 0.32 with an increase trend, which has
been discussed in our previous published paper.'”> BMI levels, serum lipid concentrations were comparable between these
study groups but yielded non-statistical results. Similar trend from Hb levels showed analogous patterns as sFer status.

Database of follow-up was also conducted based on the subjects of early pregnancy. As displayed in Table 2, data of
thyroid function failed to reach statistical significance among comparison of these groups. A similar non-statistically
significant result was as well reflected in the status of TG, TC, LDL, and HDL, whereas, accompanied by climbing levels
of sFer, Hb concentration also took on the same trend. HbAlc value, as in early pregnancy, is significant negative
correlation with sFer levels.

For further elaboration, the relationship between sFer levels and SCH, OR and aOR for the association of serum
ferritin with SCH in early pregnancy are listed in Table 3. As presented above (Table 3), negative correlations between
SCH in early pregnancy and serum ferritin levels were found for Q4 (aOR = 0.367, P = 0.042).

As Table 4 indicates, with the serum ferritin level increasing, the incidence of SCH in middle pregnancy otherwise
statistically decreased, with relative risks of 0.593 (OR = 0.575, 95% CI = 0.312-0.987, P = 0.048). After adjusting for

Table | Association Between sFer Levels in the First Trimester and Thyroid Function

Items/Groups Ql (196) Q2 (195) Q3 (195) Q4 (195) All P

Age 30.61+3.82 29.75+3.98 29.47+4.09 29.31+4.18 29.79+4.04 0.007*
Height 160.80+4.78 160.77+6.70 160.02+4.62 160.29+5.00 160.47+5.34 0.400
Weight 56.53+10.04 56.88+10.33 56.90+10.33 57.03%10.33 56.84+10.33 0.970
PreBMI 21.86%3.78 22.00+3.79 22.22+4.10 22.21%4.12 22.07+3.95 0.778
HbAlc 5.14+0.38 5.10+0.33 5.11+0.34 5.24+0.32 5.15+0.35 <0.01*
FT3 4.18+0.77 4.21£0.97 4.23+0.67 4.30+0.73 4.23+0.79 0.470
FT4 12.11£3.57 12.07+3.34 12.45+2.83 13.06+3.55 12.42+3.35 0.012%
TSH 1.87+1.68 1.88+1.55 1.63%1.40 1.43+1.36 1.70+1.51 0.007*
yt3 1.06£0.23 1.09+0.24 1.12+£0.23 1.124£0.25 1.10£0.24 0.02*
TC 5.28+0.85 5.05+0.87 5.13£1.13 5.14+£0.87 5.15£0.94 0.122
TG 1.57+0.59 1.50+0.54 1.75+2.31 1.78+0.73 1.65+1.28 0.097
H-LDL 1.75£0.36 1.68+0.38 1.68+0.37 1.66+0.38 1.6940.37 0.078
L-LDL 2.55+0.65 2.46+0.70 2.45+0.66 2.49+0.64 2.49+0.66 0.498
Hb 120.68+15.33 129.01+9.50 130.67+13.83 129.22+14.35 127.39+13.98 <0.01*
Ferritin 13.98+5.78 31.40+5.01 53.58+8.18 116.61+59.33 53.84+49.16 <0.01*

Note: *p < 0.05.
Abbreviations: pre-BMI, pre-pregnancy body mass index; HbAlc, glycosylated hemoglobin; FT3, free triiodothyronine; FT4, free tetraiodothyronine; TSH, serum thyroid
stimulating hormone; yt3, trans-triiodothyronine; TG, triglyceride; TC, total cholesterol; H-LDL, high-density lipoprotein; L-LDL, low density lipoprotein; Hb, hemoglobin.
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Table 2 Association Between sFer Levels in the Second Trimester and Thyroid Function
Items/Groups QI (196) Q2 (195) Q3 (195) Q4 (195) All p
HbAIlc 5.03+0.36 4.95+0.33 5.42+0.65 5.92+0.78 5.33+0.68 0.00%*
TSH 2.55+1.48 2.62+1.40 2.64+1.91 2.43%1.32 2.56x1.54 0.53
FT3 3.63+0.44 3.62+0.47 3.65+0.42 3.64+0.40 3.63+0.43 0.94
FT4 9.78+1.51 9.79+1.31 9.802+1.301 9.651+1.287 9.75+1.32 0.67
TG 2.315+0.76 2.342+0.89 2.539+1.947 2.675+0.968 2.46x1.24 0.01*
TC 6.393%1.09 6.207+1.128 38.81+453.85 6.576x+1.290 14.56+227.80 0.4
LDL 1.941+0.3772 1.885+0.449 1.887+0.409 1.919+0.447 1.90+0.42 0.44
HDL 3.351+0.8988 3.296+0.921 3.185+0.917 3.249+0.919 3.27+0.91 0.28
Hb 111.24+14.87 114.62+12.14 115.19£12.77 114.67£12.83 113.92+13.27 0.01*
Ferritin 9.52+6.39 10.30+6.22 12.85+8.00 29.93+£59.21 15.63+31.26 0.00*

Note: *p < 0.05.
Abbreviations: HbAlc, glycosylated hemoglobin; FT3, free triiodothyronine; FT4, free tetraiodothyronine; TSH, serum thyroid stimulating hormone; TG, triglyceride; TC,
total cholesterol; H-LDL, high-density lipoprotein; L-LDL, low-density lipoprotein; Hb, hemoglobin.

Table 3 Odds Ratios and Adjusted Odds Ratios for the Association of Serum Ferritin in Early Gestation with
SCH in Early Gestation by Serum Ferritin Quartile (Reference Group = Ql)

SCH in Early Pregnancy Ql Q2 Q3 Q4
Model | P Ref 0.585 0.232 0.036*

OR 1.214 0.608 0.357*

95% ClI 0.605-2.438 0.269-1.376 0.137-0.933
Model 2 p Ref 0.639 0.273 0.042*

OR 1.183 0.631 0.367*

95% ClI 0.586-2.386 0.277-1.437 0.14-0.963

Notes: Model | shows ORs and their 95% Cls calculated from a logistic regression model. Model 2 shows adjusted ORs and their 95% Cls calculated
from a logistic regression model after adjusted other influencing factors including HbAlc, Hb, pre-BMI, age and TG concentrations. *p < 0.05.

Table 4 Odds Ratios and Adjusted Odds Ratios for the Association of Serum Ferritin in Early Gestation with
SCH in Middle Pregnancy by Serum Ferritin Quartile (Reference Group = Ql)

SCH in Mid Pregnancy Ql Q2 Q3 Q4
Model | P Ref 0411 0.144 0.048*

OR 1.246 0.642 0.575%

95% ClI 0.738-2.106 0.355-1.163 0.312-0.987
Model 2 P Ref 0451 0.199 0.050*

OR 1.227 0.675 0.593*

95% ClI 0.722-2.085 0.37-1.23 0.321-0.976

Note: *p < 0.05.

potential confounding parameters (Pre-BMI, maternal age), similar results (OR = 0.593, 95% CI = 0.321-0.976, P =
0.05) were still obtained, although the results changed slightly after the additional adjustment.

For a further elucidation of association between sFer levels in the first trimester and pregnancy outcomes, the clinical
pregnancy prognosis for each cohort was compared. As presented in Table 5, the four group (Q1, Q2, Q3 and Q4) in the
incidence rate of premature birth, threatened miscarriage was significantly different (p<0.05). As the sFer concentration
rises, incidence of premature birth (15.8% vs 12.3% vs 9.20% vs 6.20% p = 0.016) as well as threatened miscarriage
(14.8% vs 7.2% vs 8.70% vs 6.70% p = 0.021) presented a downward trend. The prevalence of gestational hypertensive
disorders and low birth weight also declined but without statistical significance (p > 0.05).
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Table 5 Association Between sFer Levels in the First Trimester and Pregnancy Outcomes
Items/Groups QI (196) Q2 (195) Q3 (195) Q4 (195) All p
Premature birth 15.80% 12.30% 9.20% 6.20% 10.90% 0.016*
Threatened miscarriage 14.80% 7.20% 8.70% 6.70% 9.30% 0.021*
Gestational hypertension disorders 4.60% 3.60% 4.10% 3.60% 4.00% 0.949
Low birth weight 7.10% 6.20% 4.60% 2.60% 5.10% 0.187

Note: *p < 0.05.

Discussion

Although the fetal thyroid gland is formed and functional in the first trimester, it is not mature enough until second
trimester (18-20 weeks).'® Thus, maternal thyroid hormone crosses the placenta to the fetus depending on maternal
thyroid hormone during a crucial period of development in early gestation.'” Consequently, in early pregnancy maternal
thyroid disorders can spell adverse pregnancy and child neurodevelopmental outcomes. In our present study, we
investigated the relationship between sFer levels in early pregnancy and SCH in early and middle pregnancy. Based
on our research, the SCH incidence shows a positive correlation with sFer level variables. We also further demonstrate
that the incidence rate of premature birth and threatened miscarriage in pregnancy posed a negative correlation with sFer
status of the first trimester.

Previous studies have revealed that during pregnancy elevated TSH concentration was in accordance with higher risks
of prematurity and neonatal respiratory distress syndrome (RDS) in offspring. Higher maternal serum TSH was also
related to elevated chance of spontaneous abortion, premature birth, threatened miscarriage, gestational hypertension
disorders, and low birth weight.'"® Our results are almost in line with earlier various studies done on the correlation
between thyroid hormones and sFer metabolism studies.'® According to our results, with the sFer status increasing,
incidence of premature birth (15.8%vs 12.3% vs 9.20% vs 6.20% p = 0.016) as well as threatened miscarriage (14.8% vs
7.2% vs 8.70% vs 6.70% p = 0.021) presented a downward trend. The prevalence of gestational hypertensive disorders
and low birth weight also declined but without statistical significance (p>0.05). Iron deficiency may be the underlying
cause of hypothyroidism in the form of thyroid peroxidase; the key enzyme in thyroid hormone biosynthesis depends on
iron.”° A meta-analysis of 18 cohort studies involving nearly 4000 women revealed that, compared to euthyroidism, the
mother’s subclinical hyperthyroidism is associated with increased risks of abortion, premature rupture of membranes,
preterm birth and neonatal death.' Moreover, the risks of these adverse reactions were even more pronounced if
subclinical hypothyroidism was present during the first trimester.'® Though evidence is mounting that maternal sub-
clinical hypothyroidism is associated with low birth weight and preterm birth. The pathological physio-mechanisms of
our findings are largely speculative and remain unclear.

In a study of the relationship between hemoglobin and SCH during pregnancy, hemoglobin were found elevated after
left thyroid hormone supplementation in pregnant women, suggesting a negative correlation between TSH and
hemoglobin.*' Tt is suggested that low dose of L-T4 should be added to iron therapy in patients with anemia and
subclinical hypothyroidism T4, showed greater improvement in hematological parameters than iron supplementation
alone. On the other hand, the study also found that patients with hypothyroidism and reduced iron reserve may benefit
from supplementing L-T4 with iron.”' In this Chinese pregnancy population-oriented study, we demonstrated this
conclusion again. We found that deficiency of Sfer has been linked to an increased risk of subclinical hypothyroxinemia
in the first trimester of pregnancy but not in the second trimester, which is different from a previous study. An earlier
research performed in Switzerland indicated that among middle and late pregnancy the state of iron has been proved to be
a decisive factor for serum T4 and TSH.?> However, in another study conducted in Belgium,*® they demonstrated that
iron deficiency, is a determinant of serum fT4 and T4 in pregnant women in the first trimester, and our findings almost
consist with this result. Few other regional and hospital studies have been conducted about the state of iron and thyroid
function during pregnancy. Significant association between iron condition and fT4 was found but not with TSH.****

In this population-based study, we demonstrate that sFer deficiency is a significant determinant of TSH and fT4 in
pregnant women. These findings matter a lot since sFer deficiency frequently happens in an invisible way and because
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hypothyroxinemia during pregnancy can negatively hinder the neurodevelopment of offspring and prematurity or preterm
birth.*2® To our knowledge, this is the first population-based study showing such a relation between sFer status and SCH
in pregnant women.

As the limited sample size of our investigation and the retrospective type of the present study, the findings with regard
to the relation between thyroid hormones need to be confirmed through further prospective researches with larger sample

size.

Conclusions

Our results support the correction of invisible iron deficiency with inadequate sFer status prior to pregnancy or during
early pregnancy, not only to prevent anemia, but also for maintaining optimum thyroid function and normal fetal
development. For clinicians, sFer status of pregnant women should be attached great importance apart from attention
to iron level.
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