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Abstract
Iodine is essential for normal thyroid function, supporting healthy fetal and child development. The relevance between 
maternal iodine nutrition status and pregnancy outcomes remains controversial. The aim was to explore whether urinary 
iodine concentrations (UIC)/urinary creatinine (UCr) was associated with thyroid function and adverse pregnancy outcomes. 
This study was performed in the Department of Endocrinology and Metabolism of the First Affiliated Hospital of Nanjing 
Medical University. A total of 212 pregnant women were enrolled from May 2018 to November 2021, from the first visit 
until postpartum. Maternal serum samples were obtained in the second half of pregnancy, and then thyroid-stimulating 
hormone (TSH), free thyroxine (FT4), free triiodothyronine (FT3), UIC, and UCr were tested. The correlation of UIC/UCr, 
which represented maternal iodine nutrition status, with TSH, FT4, and FT3 was studied using linear regression. And we 
assessed associations between UIC/UCr and pregnancy outcomes. Notably, we explored consistency between UIC/UCr and 
the incidence of low birth weight (LBW) by application of logistic regression analysis. A total of 212 women were divided 
into 3 groups according to the upper and lower quartiles of UIC/UCr. There were 53 women in group 1 (UIC/UCr < 106.96 
ug/g), 106 women in group 2 (UIC/UCr 106.96–259.08 ug/g), and 53 women in group 3 (UIC/UCr > 259.08 ug/g). The level 
of UIC/UCr had a negative correlation with FT4 (r =  − 0.139, p = 0.043) but a positive correlation with TSH (r = 0.096, 
p = 0.162 > 0.05). There was a significant difference in the incidence of LBW among the 3 groups (p = 0.007). Logistic 
regression analysis found that the level of UIC/UCr was an independent factor for LBW (p = 0.048, OR = 0.991, 95%CI 
(0.982, 0.999)). The receiver operating characteristic (ROC) curve showed that the area under the curve (AUC) for UIC/UCr 
predicting the incidence of low birth weight was 0.687 (p = 0.013, 95%CI 0.575, 0.799). Lower UIC/UCr during pregnancy 
was associated with higher FT4 and lower TSH. And iodine deficiency during pregnancy is a risk factor for low birth weight. 
Our findings indicated that more attention should be paid to the appropriate iodine nutrition status in pregnant women, which 
can help prevent suffering from adverse pregnancy outcomes.
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Introduction

Iodine is essential for synthesizing triiodothyronine (T3) 
and thyroxine (T4). During pregnancy, there is an increased 
demand for maternal thyroid hormone because of the pla-
cental transport of thyroid hormone to the fetus, an increase 
in thyroxine-binding globulin concentrations, increased 
renal clearance, and a higher degradation of thyroid hor-
mone due to placental type III iodothyronine deiodinase [1]. 
Therefore, pregnant women were recommended to consume 
approximately 250 µg per day of iodine by the World Health 
Organization (WHO) in order to avoid iodine deficiency and 
detrimental consequences [1]. WHO proposed UIC as an 
essential reference index, and a median UIC of less than 150 
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ug/L in pregnant women was defined as iodine deficiency. 
Nevertheless, as an indicator of iodine nutrition status during 
pregnancy, UIC varies under the influence of multiple fac-
tors, including hydration and urine volume; the latest study 
figured out that UIC/UCr (ug/g) was superior to UIC (ug/L) 
[2].

Too low or too high iodine intake may negatively influ-
ence thyroid function, though the conjunction between 
iodine condition and thyroid function remains contentious. 
Some studies found that a higher level of UIC was correlated 
with higher thyroid stimulating hormone (TSH) and lower 
free thyroxine (FT4) [3–5]. In a study in Swedish [4], UIC 
and thyroid function have a negative correlation at a median 
gestational age of 10 weeks, and the UIC/UCr was below 
150 μg/g in 80.1% of women. A similar finding was made in 
Israeli in early pregnancy; it was found that 85% of pregnant 
women had UIC levels below the adequacy range, with a 
median of 61 µg/L. However, it was reported that iodine sta-
tus does not impact thyroid function [6]. The inconsistency 
is related partly to iodine status in each country, reflecting 
on maternal iodine reserve, nutrition iodine consumption, 
and compliance with iodine supplementation.

Whether iodine nutrition status itself could lead to 
adverse pregnancy outcomes was still controversial. Some 
research observed that iodine deficiency in pregnant women 
significantly increased the risk of preterm birth, fetal growth 
restriction (FGR) or low birthweight (LBW), and so on 
[7–10]. However, others reported that iodine nutrition status 
had little effect on adverse pregnancy outcomes [11–13]. All 
these studies did not consider thyroid hormones, neglecting 
the potential role of thyroid hormones in the effect of iodine 
nutrition status on pregnancy outcomes.

Most studies have focused on thyroid function and UIC 
in early pregnancy. We describe the relationship between 
iodine nutrition status and thyroid function in the second 
half of pregnancy and further describe its effect on preg-
nancy outcome. The main aims of this article were to explore 
whether iodine nutrition status is correlated to thyroid func-
tion in the second half of pregnancy and further analyze the 
relationship between iodine nutrition status and pregnancy 
outcome.

Methods

Participants

A total of 298 pregnant women were recruited in the sec-
ond half of the pregnancy (mainly between 18 and 32 gesta-
tional weeks), some of whom were excluded due to thyroid 
dysfunction (43 subhypothyroidisms, 3 hypothyroidisms, 
20 hyperthyroidisms, 6 hyperthyroidisms, and 14 isolated 
hypothyroinemias). A total of 212 pregnant women were 

enrolled. All women involved were admitted and gave birth 
in the First Affiliated Hospital of Nanjing Medical Univer-
sity from May 2018 to November 2021. Inclusion criteria 
were singleton pregnancy, age of at least 18 years, and nor-
mal thyroid function. Exclusion criteria included tumors, 
autoimmune diseases (such as systemic lupus erythema-
tosus, sicca syndrome, or antiphospholipid antibody syn-
drome), and heart, liver, and kidney diseases known to affect 
iodine nutrition status. At baseline, participants’ height, 
weight, gestational age, and parity were recorded. The oral 
glucose tolerance test (OGTT) was conducted between 24 
and 28 weeks, covering fasting blood glucose (FBG), 1-h 
post-load blood glucose (PBG-1 h), and 2-h post-load blood 
glucose (PBG-2 h). Thyroid function parameters, includ-
ing TSH, FT4, thyroid peroxidase antibody (TPOAb), and 
iodine nutrition parameters, including urinary iodine and 
urinary creatinine concentration, were tested at recruitment. 
All the participants were followed up until delivery. Obstet-
ric outcomes include the mode of birth, preterm birth, low 
birth weight (LBW), gestational diabetes mellitus (GDM), 
preeclampsia, and low Apgar scores at 1 and 5 min. We 
matched each pregnant woman with adverse pregnancy out-
comes to two women with non-adverse outcomes based on 
age (± 2 years) and BMI (± 0.3 kg/m^2).

Sample Collection

Venous blood and urine samples were collected after 8 h 
fast to measure maternal thyroid function, UIC, and UCr 
at baseline.

Laboratory Measurements

TSH, free triiodothyronine (FT3), FT4, and TPOAb were 
measured by chemiluminescence immunoassay (Roche 
Cobas 6000, ZB/GEM1815-2010, Mannheim, Switzerland). 
Urinary iodine was determined by using arsenic-cerium-cat-
alyzed spectrophotometry. Urinary creatinine concentration 
was determined by spectrophotometry.

Reference Scope and Definition of Some 
Pregnancy‑Related Disorders

According to Guidelines for the Diagnosis and Management 
of Thyroid Diseases in Pregnancy and Postpartum issued 
by the American Thyroid Association (ATA) in 2017 and 
Guidelines for Diagnosis and Treatment of Thyroid Dis-
eases in Pregnancy and Postpartum in China, the reference 
intervals of thyroid function during pregnancy are as fol-
lows: 0.45–4.32 mU/L for TSH, 9.77–18.89 pmol/L for 
FT4 at the second trimester and 0.30–4.98 mU/L for TSH, 
9.04–15.22 pmol/L for FT4 at third trimester [14]. The 
titer of TPOAb > 34 IU/mL was considered to be positive. 
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UIC/UCr was used to evaluate the iodine nutrition status 
of pregnant women, and pregnant women were divided 
into 3 groups based on the 25th percentile and 75th per-
centile of UIC/UCr. There were 53 women in group1 (UIC/
UCr < 106.96 ug/g), 106 women in group 2 (106.96 ≤ UIC/
UCr < 259.08 ug/g), and 53 women in group 3 (UIC/
UCr ≥ 259.08 ug/g). We also used UIC as a grouping crite-
rion according to the WHO criteria of deficiency (less than 
150 μg/L), adequate (150–249 μg/L), more than adequate 
(250–449 μg/L), and excessive (more than 500 μg/L) in 
pregnant women.

Premature rupture of membranes (PROM) is defined as 
the rupture of the amniotic sac before the onset of labor. 
Preterm birth was defined as the birth of a baby at fewer 
than 37  weeks gestation, excluding iatrogenic preterm 
birth caused by preeclampsia, placenta previa, fetal growth 
restriction, and other factors. Low birth weight was defined 
as a live birth smaller than 2500 g. The definition of fetal 
macrosomia was birth weight greater than 4000 g, irrespec-
tive of gestational age.

Statistical Analysis

Statistical analyses were performed using R. The median 
and interquartile range (IQR) were used for the statistical 
analysis of the baseline characteristics with a non-normal 
distribution, Kruskal–Wallis H statistical method was used 
for comparison between multiple groups, and chi‐square 
for categorical variables. Spearman correlation analysis 
was used to determine the correlation between UIC, UIC/
UCr, and thyroid function. The correlation heat map is 

presented using Origin. The linear model between UIC/
UCr and thyroid function was analyzed by R language 
visualization (ggplot2). We matched each pregnant woman 
with LBW to two women without LBW based on age 
(± 2 years) and BMI (± 0.3 kg/m^2). The multivariate 
logistic regression model was used to evaluate the rela-
tionship between different iodine nutrition statuses and 
adverse pregnancy outcomes. Single-factor analysis of 
the forest map was performed using GraphPad Prism 8. 
Covariates (for example, TSH, FT4, FT3, FBG, PBG-1 h, 
and PBG-2 h) were controlled in the adjusting model. A 
P‐value of < 0.05 was considered statistically significant. 
The performance of UIC/UCr in LBW was analyzed by 
the ROC curve.

Results

Characteristics of Pregnant Women in Different 
Groups

Tables 1 and 2 show participants’ characteristics among 
three groups, including but not limited to maternal age, 
height, weight, BMI, SBP, and DBP. Data were available 
for 212 participants after exclusions. The mean maternal 
age at recruitment was 29 years. UIC/UCr had an over-
all mean of 208.22 µg/g and a median of 180.36 µg/g. 
The mean of UIC was 186.95 µg/L, and the median was 
200 µg/L.

Table 1   Characteristics of 
pregnant women in different 
UIC groups

SBP, systolic blood pressure; DPB, diastolic blood pressure; TSH, thyroid stimulating hormone; FT4, free 
thyroxine; FT3, free triiodothyronine; TPOAb, anti-thyroid peroxidase antibody; FBG, fasting blood glu-
cose; PBG-1 h, 1 h post-load blood glucose; PBG-2 h, 2 h post-load blood glucose

UIC < 150 ug
N = 83

150 ≤ UIC < 249 ug
N = 63

UIC ≥ 250 ug
N = 66

p

Age (years) 30 (28,33) 30 (27,32) 30 (28,33) 0.530
gestational age (weeks) 24.5 (20,27) 26 (24,28) 26 (24,28) 0.053
FBG (mmol/L) 4.42 (4.11, 4.64) 4.38 (4.15, 4.66) 4.34 (4.16, 4.55) 0.737
PBG-1 h (mmol/L) 7.76 (6.62, 8.74) 7.815 (6.44, 8.85) 8.39 (7.3, 9.40) 0.143
PBG-2 h (mmol/L) 6.92 (5.73, 7.84) 6.645 (6.14, 8.01) 7.04 (6.21, 8.1) 0.725
TSH (mIU/L) 2.19 (1.54, 3.10) 2.175 (1.33, 3.32) 2.47 (1.83, 3.33) 0.660
FT3 (pmol/L) 3.82 (3.41, 4.25) 3.89 (3.49, 4.24) 3.92 (3.32, 4.34) 0.928
FT4 (pmol/L) 13.08 (11.49, 14.31) 12.67 (11.59, 13.93) 12.72 (11.34, 14.46) 0.685
SBP (mmHg) 118 (113, 126) 119.5 (114, 126) 120 (112, 128) 0.457
DBP (mmHg) 74 (66, 82) 76 (72, 80) 73 (70, 80) 0.364
Height (cm) 163 (160, 165) 163 (160, 166) 162 (160, 165) 0.474
Weight (kg) 70.5 (66.5, 74) 70.75 (66.1, 76) 71.5 (63.5, 80) 0.918
BM I(kg/m^2) 26.56 (24.98, 28.65) 26.5 (25.07, 29.3) 27.07 (24.84, 30.08) 0.938
TPOAb 16 13 11 0.881
Multiple 13 17 16 0.214
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Correlation Between Blood Glucose, Thyroid 
Function, and UIC/UCr

There was a trend toward an association of a lower UIC/
UCr with a higher FT4 (P = 0.043), FT3 (P = 0.319), and a 

lower TSH (P = 0.162) (Figs. 1 and 2). There was no asso-
ciation of UIC with FT4 (P = 0.685), FT3 (P = 0.928), and 
TSH (P = 0.660).

UIC/UCr has a positive trend but did not reach sta-
tistical significance with TSH (r = 0.096, p = 0.162) and 

Table 2   Characteristics of 
pregnant women in different 
UIC/Ucr groups

*Among the three groups, P < 0.05. SBP, systolic blood pressure; DPB, diastolic blood pressure; TSH, thy-
roid stimulating hormone; FT4, free thyroxine; FT3, free triiodothyronine; TPOAb, anti-thyroid peroxidase 
antibody; FBG, fasting blood glucose; PBG-1 h, 1 h post-load blood glucose; PBG-2 h, 2 h post-load blood 
glucose

UIC/UCr < 106.96 ug/g
N = 53

106.96 ≤ UIC/
UCr < 259.08 ug/g
N = 106

UIC/UCr ≥ 259.08 ug/g
N = 53

p

Age (years) 30 (27, 33) 30 (28, 33) 30 (27, 32) 0.803
gestational age (weeks) 24.5 (19.5, 27) 26 (24, 28) 26 (24, 28) 0.103
FBG (mmol/L) 4.375 (4.09, 4.58) 4.37 (4.18, 4.66) 4.35 (4.16, 4.58) 0.881
PBG-1 h (mmol/L) 7.68 (6.62, 8.43) 8.1 (6.89, 9.34) 8.12 (7.15, 9.39) 0.177
PBG-2 h (mmol/L) 6.88 (5.92, 7.81) 6.82 (5.73, 7.85) 6.75 (6.23, 8.1) 0.457
TSH (mIU/L) 2.055 (1.49, 3.03) 2.31 (1.54, 3.08) 2.8 (1.82, 3.69) 0.234
FT3 (pmol/L) 3.73 (3.35, 4.2) 3.94 (3.61, 4.32) 3.8 (3.34, 4.31) 0.353
FT4 (pmol/L) 13.36 (11.65, 15.2) 12.83 (11.5, 14.24) 12.53 (11.14, 13.72) 0.137
SBP (mmHg) 118.5 (114,124) 119 (113, 127) 120 (112, 128) 0.783
DBP (mmHg) 75 (66,82) 76 (70, 80) 72 (69, 77) 0.453
Height (cm) 164 (160, 167) 163 (158, 165) 161 (160, 165) 0.026*
Weight (kg) 72 (67, 78) 70.5 (66, 75) 70 (64, 78) 0.521
BMI (kg/m^2) 26.46 (25.04, 28.69) 26.81 (24.84, 29.62) 27.06 (24.77, 29.62) 0.992
TPOAb 12 22 6 0.276
Multiple 8 29 9 0.142

Fig. 1   Pearman’s correlation 
matrix of serum thyroid func-
tion, blood glucose and iodine 
nutrition status
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negatively with FT3 (r =  − 0.069, p = 0.319) and FT4 
(r =  − 0.139, p = 0.043).

Pregnancy Outcomes in Different Iodine Nutrition 
Status Groups

Except for LBW (p = 0.007) and PROM (p = 0.03), we 
observed no statistical difference among UIC/Ucr groups 
in other pregnancy-related complications and adverse out-
comes (Table 3). We found that the low UIC/UCr may 
increase the incidence of LBW. In addition to this, when 
grouped by UIC, the incidence of pregnancy-related 
adverse outcomes did not differ significantly among 
groups (Table 4).

Univariate Analysis and Multivariate Regression 
Analysis of LBW

Consequently, we further investigated the associations between 
LBW and UIC/UCr. In order to better control the impact of 
confounders, we matched each pregnant woman with LBW to 
two women without LBW based on age (± 2 years) and BMI 
(± 0.3). Logistic regression analysis was performed in Fig. 3 
and found that higher UIC/UCr (p = 0.028) as well as TSH 
(p = 0.022) could significantly reduce the occurrence of LBW. 
After adjusting covariates, including blood glucose, FT4, and 
FT3, the ORs were still significant. It was found that UIC/UCr 
was an independent factor for LBW (p = 0.033, OR = 0.991, 
95%CI (0.983, 0.999)) (Table 5). The ROC curve showed that 
the AUC for UIC/UCr predicting the incidence of LBW was 
0.687 (p = 0.013, 95%CI 0.575, 0.799) (Fig. 4). The optimal 
cut-off point of UIC/Ucr for the risk of LBW was 200.645 

Fig. 2   The correlation between UIC/UCr and TSH, FT3, and FT4

Table 3   Pregnancy outcomes in 
different UIC/Ucr groups

*p < 0.005 the comparison of the three groups in the chi-square test is statistically significant

UIC/UCr < 106.96 
ug/g
N = 53

106.96 ≤ UIC/
UCr < 259.08 ug/g
N = 106

UIC/UCr ≥ 259.08 
ug/g
N = 53

P

Preeclampsia 1 3 1 1.00
Gestational diabetes 12 26 15 0.80
Placenta previa 2 2 0 0.37
PROM 15 15 16 0.03*
Placental abruption 0 1 0 1.00
Preterm delivery 7 6 2 0.148
Cesarean 16 21 14 0.232
Cord around neck 11 16 10 0.686
Low birth weight 8 8 0 0.007*
Macrosomia 8 8 6 0.341
Low Apgar score (1 min) 2 3 1 1.00
Low Apgar score (5 min) 0 1 0 1.00
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ug/g. The risk of low birth weight was higher when the mater-
nal UIC/UCr was less than the cut-off point.

Discussion

Iodine nutrition status has aroused broad public concern, 
especially in vulnerable populations such as pregnant 
women. Maternal iodine nutrition status affects maternal 

thyroid function and plays a vital role in fetal development 
and adult health. In our study population, UIC/UCr had an 
overall mean of 208.22 µg/g and a median of 180.36 µg/g. 
The mean of UIC was 186.95  µg/L, and a median of 
180.36 µg/g. and the median was 200 µg/L. The population 
with UIC/UCr in the first quantile accounted for 25% of the 
total population, while the population with UIC < 150 ug 
accounted for 39%. Interestingly, pregnancy outcomes in the 
UIC group according to WHO criteria were not statistically 
significant, whereas the association between UIC/UCr and 
the incidence of low birth weight infants was statistically 
significant.

It was found in this study that lower UIC/UCr was asso-
ciated with higher FT4 and lower TSH. As is well known, 
severe iodine deficiency can lead to hypothyroidism, but 
mild-to-moderate iodine deficiency does not. In fact, an ele-
vated TSH is rarely observed in populations that have mild-
to-moderate iodine deficiency [3]. One of the autoregulatory 

Table 4   Pregnancy outcomes in 
different UIC groups

UIC < 150 ug
N = 83

150 ≤ UIC < 249 ug
N = 63

UIC ≥ 250 ug
N = 66

P

Preeclampsia 2 0 3 0.277
Gestational diabetes 21 16 16 1.00
Placenta previa 3 1 0 0.315
PROM 15 13 18 0.409
Placental abruption 1 0 0 1.00
Preterm delivery 8 3 4 0.529
Cesarean 16 21 14 0.367
Cord around neck 12 13 12 0.616
Low birth weight 9 3 4 0.369
Macrosomia 9 7 6 0.921
Low Apgar score (1 min) 4 0 2 0.288
Low Apgar score (5 min) 1 0 0 1.00

Fig. 3   Univariate analysis of 
LBW

Table 5   Multivariate regression analysis of LBW

Adjust model: FT3 and FT4 are adjusted in adjust model

Crude model Adjust model

P 95%CI P 95%CI

UIC/UCr 0.026 0.993 (0.986, 0.999) 0.033 0.991 (0.983, 0.999)
TSH 0.016 0.414 (0.202, 0.847) 0.022 0.409 (0.190, 0.881)
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responses of a normal thyroid gland to low iodine concentra-
tions is a preferential secretion of T3 over T4. As a conse-
quence, the pregnant women were hypothyroxinemic, cor-
responding to iodine deficiency, but they were clinically and 
biochemically euthyroid before their circulating T3 concen-
tration was decreased. In addition, lower UIC/UCr might be 
associated with an increased risk of autonomous production 
of thyroid hormone by nodules/multinodular goiters, which 
resulted in lower TSH [15]. In the current study, UIC/UCr 
was negatively correlated with FT4, which might be due to a 
rapid short-term increase in iodine intake during pregnancy 
via the Wolff–Chaikoff effect. Just as Abel [5] et al. sug-
gested that pregnant women with increased iodine intake 
due to mild to moderate iodine deficiency were more prone 
to having lower FT4 concentrations and higher TSH con-
centrations. Moreover, a cross-sectional study investigated 
that excessive iodine intake during pregnancy may lead 
to thyroid hypofunction [16]. Maria Andersson et al. also 
investigated that both iodine intake levels below or above 
the recommended interval would lead to an increased risk 
of thyroid disease in the population; the optimal interval of 
iodine intake was narrow [17].

Maternal iodine deficiency has a long-term adverse 
impact on fetal growth and development, especially in the 
nervous system [18]. However, its short-term effect on preg-
nancy outcomes remains controversial. We found that low 
UIC/UCr during pregnancy is a risk factor for low birth 
weight. Some previous studies documented that iodine 
insufficiency might negatively influence birth weight and 
fetal growth, thus making it more likely to develop FGR 
and SGA. Just as Chen et al. [19] in China found maternal 

iodine deficiency can affect fetal growth and development, 
which was assessed by head circumference, femur length, 
and body weight, on the contrary, a birth cohort[11]in three 
cities of Britain revealed that the UIC/UCr or UIC was irrel-
evant to fetal birth weight. These conflicting results might be 
attributed to populations with various degrees of iodine defi-
ciency and the different stages of UIC/UCr detection dur-
ing pregnancy. Despite that how maternal iodine nutrition 
status regulated fetal growth remained unsolved, the role of 
impaired placental function, which was closely related to 
the fetus’s development, was thoroughly emphasized [20, 
21]. A study on iodine status, thyroid function, and birth 
weight indicated that iodine concentration in amniotic fluid 
was negatively correlated with UIC and birth weight [22], 
suggesting that maternal iodine deficiency disturbs the 
intrauterine environment, which in turn indirectly affects 
fetal growth and development. Moreover, maternal iodine 
nutrition status affected the production of thyroid hormones, 
which provides the thyroid hormones required by the fetus in 
the first trimester, regarded as an essential window of narrow 
variations in maternal thyroid parameters [23]. However, 
iodine nutrition status is also critical in latter pregnancy, as 
it affects thyroid hormone synthesis in both maternal and 
fetal. The optimal cut-off point of UIC/Ucr for the risk of 
LBW was 200.645 ug/g, which means the risk of low birth 
weight was higher when the maternal UIC/UCr was less than 
the cut-off point. So, we recommend that attention should be 
paid to iodine supplementation during pregnancy. Evidence 
about the effects of iodine deficiency on other pregnancy 
outcomes like preterm birth (PTB), preeclampsia, etc. and 
the potential mechanism involved was still limited and fixed. 
In our study, premature rupture of membranes was found to 
be seem related to iodine nutrition status, which was rarely 
mentioned in other studies. We think that the influence of 
iodine nutrition status on the intrauterine environment may 
lead to this outcome. The specific mechanism may need to 
be confirmed by further animal experiments, and we will 
pay more attention to this outcome in the following studies.

Few studies have analyzed thyroid function when dis-
cussing the effects of UIC or UIC/UCr on pregnancy 
outcomes. In this study, all the participants revealed rela-
tively normal thyroid function. After adjusting for covari-
ates, TSH as well as UIC/UCr was found to be negatively 
associated with the incidence of LBW. A Chinese cohort 
study [24] proposed that compared with normal subjects 
(0.1 ≤ TSH < 2.5 mIU/L), those with TSH concentrations 
of 2.5–4.0 mIU/L had a 0.65-fold lower risk of LBW, 
consistent with our findings that lower TSH within the 
normal range may be a risk factor for LBW. A previous 
study had shown low FT4 levels during early pregnancy 
that remained low in late pregnancy were associated with 
higher birth weight and a 40% elevated probability of LGA 
[25]. Our study shows a trend toward an association of 

Fig. 4   ROC curves for UIC/UCr in predicting LBW
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higher FT4 with increasing LBW, but this association did 
not reach statistical significance. The possible mechanisms 
for this are that a shortage of maternal thyroid hormones 
can greatly affect fetal growth because they are an essential 
supplier of fetal thyroid hormones, and thyroid hormone 
concentrations play a critical role in the catabolic and ana-
bolic processes of glucose, protein, and fat. Additionally, 
thyroid hormones might directly regulate the secretion and 
sensitivity of insulin.

We consider that the iodine nutrition status of pregnant 
women may affect the health of the mother and fetus to 
some extent, so this exploration has great significance for 
the development of human health. We were able to study the 
association of iodine nutrition status with thyroid function 
and pregnancy outcomes and adjust a large number of poten-
tial confounding variables. We use UIC/UCr, which has been 
shown to be more accurate than UIC, to assess iodine nutri-
tion status. Limitations for interpreting the results of the 
current study include that we do not quantitative analysis 
of autoimmune antibodies, which may affect thyroid func-
tion and pregnancy outcomes, and we are refining the data 
in future work. And we will expand the study population in 
future surveys. Moreover, the cross-sectional design of this 
study limits causal inference, and we will plan a longitudinal 
design to explore further. It is hoped that in future studies, 
more people will pay attention to the effects of iodine nutri-
tion status during pregnancy on neonatal thyroid function 
and subsequent neurological development, which will have 
great guiding significance for perinatal health care.

Conclusions

In conclusion, lower UIC/UCr during pregnancy was asso-
ciated with higher FT4, lower TSH, and a higher risk for 
LBW. In clinical practice, we need to recognize that iodine 
deficiency can affect thyroid function in normal pregnant 
women. More attention should be paid to the association 
between iodine deficiency and adverse pregnancy outcomes.
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