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Abstract: Background/Objectives: Women with subclinical hypothyroidism (SCH) were reported to be at an 
increased perinatal risk. We aimed to investigate the relationship between SCH and perinatal outcomes in 
singleton pregnancies resulting from assisted reproduction technology (ART). Methods: We retrospectively 
examined the perinatal outcomes of ART singleton pregnancies in women who underwent thyroid function 
screening before conception and delivered at our hospital from January 2020 to July 2023. We defined SCH as 
thyroid-stimulating hormone (TSH) levels <2.5 mU/L and normal free T4 levels. The patients were divided into 
three groups: normal thyroid function (group A), SCH without levothyroxine therapy (group B), and SCH with 
levothyroxine therapy (group C). The risks of preterm birth, preeclampsia, fetal growth restriction, manual 
placental removal, and blood loss at delivery were compared among the three groups. Results: Out of the 650 
ART singleton deliveries, 581 were placed in group A, 34 in group B, and 35 in group C. The preterm birth rate 
at <34 weeks was significantly higher in group B and significantly lower in group C than in group A. The rate 
of preterm delivery at <34 weeks increased in correlation with TSH levels. Levothyroxine therapy was the 
significant preventive factor for preterm birth at <34 weeks. Conclusions: The preterm birth rate before 34 
weeks was significantly higher in the SCH group. Levothyroxine therapy is a significant protective factor 
against preterm birth before 34 weeks. Universal screening for thyroid function and appropriate hormone 
therapy in pregnant women may help reduce perinatal risks, including preterm birth. 

Keywords: ART; preterm birth; subclinical hypothyroidism; thyroid stimulating hormone; 
levothyroxine therapy 
 

1. Introduction 

Thyroid function studies using the Japanese adult general health examination system 
documented thyroid dysfunction in nearly 10% of cases, with subclinical hypothyroidism (SCH) 
accounting for half of the cases [1]. This finding suggests that many pregnant women may have 
undiagnosed SCH. SCH is defined as normal free T4 levels and elevated serum thyroid-stimulating 
hormone (TSH) levels. It is observed in 2.0–2.5% of screened pregnant women according to reports 
from iodine-sufficient areas of the United States [2,3]. 

Some [4–7], but not all [8,9], studies have shown that women with SCH have a higher perinatal 
risk of severe preeclampsia, preterm delivery, placental abruption, neonatal respiratory distress 
syndrome, and/or pregnancy loss than do euthyroid women. One meta-analysis from 19 cohort 
studies reported an odds ratio (OR) of 1.29 (95% confidence interval [CI], 1.01–1.64) for preterm birth 
[10], and another meta-analysis reported an OR of 1.53 (95% CI, 1.09–2.15) for preeclampsia [6]. 
Interestingly, preterm delivery rates increase with TSH levels as follows: 5.4% of pregnancies with 
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TSH levels between 4 and 6 mU/L, 7.8% between 6 and 10 mU/L, and 11.4% with >10 mU/L [11]. 
Furthermore, limited data suggest that perinatal outcomes are worse in women undergoing in vitro 
fertilization (IVF) if their preconception TSH levels are >2.5 mU/L. In one study of pregnancies after 
IVF, 150 deliveries with a preconception TSH level <2.5 mU/L were associated with a higher 
gestational age and birth weight than 45 deliveries with a TSH level >2.5 mU/L [12]. 

Because overt or SCH is thought to be associated with pregnancy complications and thyroid 
testing is common and easy to perform, attention has been focused on the utility of screening for 
thyroid dysfunction in all pregnant women. To the best of our knowledge, no high-quality studies 
have used a universal screening for thyroid function in pregnant women. The advantages and 
disadvantages of screening thyroid function in all pregnant women in early pregnancy remain 
inconclusive. This is because there are insufficient data to show not only the effects of thyroid disease 
on pregnancy but also the benefits of hormone therapy [13,14]. In Japan, universal screening for 
thyroid dysfunction in asymptomatic pregnant women is rare; however, universal screening for 
thyroid dysfunction is common in women initiating fertility treatment. This study aimed to examine 
the association between the presence of SCH and perinatal outcomes in assisted reproduction 
technology (ART) pregnancies using preconception thyroid function screening and the effects of 
thyroid hormone replacement (levothyroxine sodium hydrate) during pregnancy. 

2. Materials and Methods 

2.1. Participants 

This retrospective cohort study analyzed the perinatal outcomes of pregnancies delivered at the 
Japanese Red Cross Nagoya Daiichi Hospital, Nagoya, Japan, between January 2020 and July 2023. 
This study included ART singleton pregnancies in which thyroid function screening was performed 
before conception (n=687). Among them, we excluded 22 cases of overt thyroid disease (n=22) and 15 
cases of placenta previa (n=15) (Figure 1). 

 

Figure 1. Study flowchart of patient enrollment. 

This study was approved by the Ethics Committee of the Japanese Red Cross Aichi Medical 
Center Nagoya Daiichi Hospital, Nagoya, Japan (approval number: 2023-070). Data were compiled 
and analyzed such that personal information could not be identified. 

2.2. Data Collection and Definition 
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In this study, we defined SCH as preconception TSH levels >2.5 mU/L and normal free T4 levels. 
Patients with preconception TSH levels <2.5 mU/L were assigned to group A (normal group). Patients 
with SCH were divided into two groups—women who took levothyroxine sodium hydrate before 
and throughout pregnancy (group C) and those who did not (group B). The following maternal and 
perinatal data were obtained from medical records: age, parity, gestational weeks at delivery, body 
mass index before pregnancy, history of abortion, history of previous cesarean deliveries, preterm 
birth (at <37 weeks, <34 weeks, <32 weeks, and <28 weeks), preeclampsia, fetal growth restriction 
(FGR), blood loss at delivery, transfusion, manual placental removal, and the value of TSH before 
pregnancy. We also obtained the birth weight of the newborns. Preeclampsia was defined as the 
appearance of gestational hypertension, proteinuria, and/or signs of end-organ dysfunction during 
pregnancy [15]. FGR was defined as body weight at birth <–1.5 than the standard deviation for 
gestational age in Japan [16]. 

2.3. Statistical Analyses 

Data were entered into a spreadsheet software (Excel, Microsoft Japan Co., Ltd., Tokyo, Japan). 
EZR (version 1.37; Saitama, Japan) was used for all the data analyses. The Shapiro–Wilk test was used 
to analyze the normality of the data. The Kruskal–Wallis test was used to compare continuous 
variables among the three groups. The Mann–Whitney U test was used for nonparametric 
comparisons during the post hoc analysis. Fisher’s exact test was used to compare categorical 
variables. In multivariate analysis, maternal age, body mass index, parity, preeclampsia, FGR, history 
of abortion, levothyroxine therapy, and TSH levels were selected as variables associated with preterm 
birth. P<0.05 was considered statistically significant. 

3. Results 

Among the 650 ART singleton deliveries in this study, 581 were assigned to group A, 34 to group 
B, and 35 to group C (Figure 1). The three groups did not significantly differ in terms of age, body 
mass index, history of previous cesarean deliveries, blood loss at delivery, manual placental removal, 
transfusion, preeclampsia, FGR, history of abortion, and neonatal body weight (Table 1). 

Table 1. Maternal characteristics and perinatal outcomes of this study. 

 Group A 
(n=581) 

Group B 
(n=34) 

Group C 
(n=35) 

P-value 

Maternal age (years)* 36.5 (±4.3) 36.6 (±4.7) 36.5 (±3.8) 0.988 
Pre-pregnant BMI (kg/m2)* 21.5 (±3.4) 22.0 (±2.6) 21.8 (±2.8) 0.634 

History of abortion 218/581 (37.5%) 11/34 (32.4%) 8/35 (22.9%) 0.194 
Preterm birth at <37 weeks 106/581 (18.2%) 9/34 (26.5%) 2/35 (5.7%) 0.059 
Preterm birth at <34 weeks 36/581 (6.2%) 5/34 (14.7%) 0/35 (0%) 0.046 
Preterm birth at <32 weeks 32/581 (5.5%) 1/34 (2.9%) 0/35 (0%) 0.411 
Preterm birth at <28 weeks 16/581 (2.8%) 0/34 (0%) 0/35 (0%) 1 

Preeclampsia 56/581 (9.6%) 3/34 (8.8%) 4/35 (11.4%) 0.945 
Fetal growth restriction 23/581 (4.0%) 1/34 (2.9%) 0/35 (0%) 0.768 

Cesarean delivery 272/581 (46.8%) 15/34 (44.1%) 19/34 (54.3%) 0.641 
Blood loss at delivery (ml)* 812 (±676) 970 (±716) 788 (±406) 0.393 
Manual placental removal 53/581 (9.1%) 3/34 (8.8%) 5/35 (14.3%) 0.591 

Transfusion 33/581 (5.7%) 1/34 (2.9%) 0/35 (0%) 0.374 
Neonatal birth weight (g)* 2901 (±1339) 2819 (±640) 3064 (±475) 0.705 

TSH value (uIU/ml)* 1.36 (±0.57) 4.02 (±2.47) 3.55 (±1.07) <0.001 
BMI, body mass index; TSH, thyroid-stimulating hormone. *Median (range). 

Expectedly, the TSH levels were significantly lower in group A than in groups B and C (P<0.001). 
The rate of preterm birth at <34 weeks was significantly higher in group B (14.7%) and significantly 
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lower in group C (0%) than in group A (P=0.046). Group C had no cases of preterm delivery under 
34 weeks. The preterm birth rate at <37 weeks was lower in group C (5.7%) than in groups A and B; 
however, the difference was not significant (P=0.059) (Table 1). 

When 69 patients diagnosed with SCH (groups B and C) were examined for the rate of preterm 
delivery at <34 weeks per TSH level, the rates were 1/30 (3.3%) at TSH levels of 2.5–3 mU/L, 2/22 
(9.1%) at 3–4 mU/L, and 2/17 (11.8%) at >4 mU/L. The rate of preterm delivery at <34 weeks increased 
according to the TSH levels, but the difference was not statistically significant. 

The results of multivariate analysis of the risk of preterm birth at <37 weeks are shown in Table 
2. 

Table 2. Multivariate logistic regression analysis for preterm birth at <37 weeks. 

  Adjusted OR  95% CI P-value 
Maternal age 1.00 0.956–1.05 0.880 

Pre-pregnant BMI 1.00 0.939–1.07 0.991 
Nulliparous 0.95 0.602–1.50 0.822 

History of abortion 0.97 0.621–1.52 0.899 
Preeclampsia 4.98 2.81–8.81 <0.001 

Fetal growth restriction 3.31 1.31–8.34 0.011 
Levothyroxine therapy 1.36 0.378–1.36 0.230 

TSH value 1.05 0.485–2.29 0.895 
BMI, body mass index; TSH, thyroid-stimulating hormone; OR, odds ratio; CI, confidence interval. 

When performing the multivariate analysis, we included maternal age, body mass index, parity, 
preeclampsia, FGR, history of abortion, levothyroxine therapy, and TSH levels as variables to 
calculate the OR. Preeclampsia (OR=4.98) and FGR (OR=3.31) were significant risk factors for preterm 
birth at <37 weeks; however, levothyroxine therapy and TSH levels did not affect the risk of preterm 
birth at <37 weeks. 

The results of the multivariate analysis of the risk of preterm birth at <34 weeks are shown in 
Table 3. 

Table 3. Multivariate logistic regression analysis for preterm birth at <34 weeks. 

  Adjusted OR  95% CI P-value 
Maternal age 1.00 0.926–1.07 0.915 

Pre-pregnant BMI 1.03 0.942–1.13 0.506 
Nulliparous 1.20 0.567–2.53 0.638 

History of abortion 1.20 0.606–2.40 0.595 
Preeclampsia 3.65 1.65–8.09 0.001 

Fetal growth restriction 2.92 0.877–9.74 0.081 
Levothyroxine therapy 0.117 0.015–0.948 0.044 

TSH value 2.18 0.750–6.36 0.152 
BMI, body mass index; TSH, thyroid-stimulating hormone; OR, odds ratio; CI, confidence interval. 

In the multivariate analysis, we included maternal age, body mass index, parity, preeclampsia, 
FGR, history of abortion, levothyroxine therapy, and TSH level as variables to calculate the OR. The 
significant risk factor for preterm birth at <34 weeks was preeclampsia (OR=3.65; 95% CI, 1.65–8.09), 
and the significant preventive factor was levothyroxine therapy (OR=0.117; 95% CI, 0.015–0.948). 

4. Discussion 

We investigated the effects of SCH and its preconception treatment on the perinatal outcomes 
of ART singleton pregnancies, all of which were screened for thyroid function prior to conception. 
The preterm birth rate at <34 weeks was significantly higher in patients with SCH; however, it was 
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significantly lower in patients with SCH treated with levothyroxine therapy before pregnancy. The 
rate of preterm delivery at <34 weeks increased according to TSH levels. The multivariate analysis 
revealed that levothyroxine therapy was a significant protective factor against preterm birth at <34 
weeks. 

Women with SCH have a higher risk of preeclampsia and preterm delivery than do euthyroid 
women [5,6,10]. However, in this study, we found that the rate of preterm birth at <34 weeks was 
significantly higher in patients with SCH and was not significantly different for preterm birth (<37, 
<32, and <28 weeks) and preeclampsia. The results may be because of the fact that our study was 
limited to cases of singleton ART pregnancies. In general, women undergoing infertility treatment 
appear to have a small but statistically significant increase risk for preterm birth, low birth weight, 
and severe maternal morbidity (such as preeclampsia, antepartum hemorrhage, transfusion, 
thrombotic embolism, and disseminated intravascular coagulation) [17–19]. Therefore, the 
background factors of ART pregnancy may have influenced these results. Limited data also suggest 
that in women undergoing IVF, cases with preconception TSH levels >2.5 mU/L may result in a lower 
gestational age at delivery and lower birth weight [12], but other pregnancy outcomes, such as the 
rate of preterm birth, the rate of FGR, preeclampsia, blood loss during delivery, and transfusion, may 
not have been examined. To the best of our knowledge, there are no other studies on the association 
between SCH and adverse outcomes in ART pregnancies, and we believe that this study provides 
new insights. In addition, the rate of preterm delivery at <34 weeks increased according to the TSH 
level, but was not significant in this study. The results are significantly interesting, but the limited 
number of cases did not allow for significant differences. Previous studies have reported that TSH 
levels correlate with preterm birth rates [11], but there are no high-quality data stratified by cutoff of 
the TSH level, presence of antithyroid antibodies, or treatment for SCH. Thus, future studies are 
required. 

Screening for hypothyroidism in asymptomatic pregnant women during early pregnancy 
remains controversial. In prospective trials, even with universal screening for thyroid function, there 
was no improvement in pregnancy outcomes compared with a targeted or no screening group [20]. 
In a randomized trial, >4500 women in their first trimester of pregnancy participated. They were 
randomly assigned to either a universal screening group or a case-finding group [21]. Overall, the 
total number of adverse outcomes was similar between the case-finding and universal screening 
groups. However, secondary analysis revealed that low-risk women diagnosed with SCH and treated 
with thyroid hormone therapy in the universal screening group had 57% fewer adverse outcomes 
(preterm birth, preeclampsia, gestational diabetes, miscarriage) than did low-risk women diagnosed 
with SCH but not treated in the case finding group [21]. In addition, it has been suggested that 
universal screening may show higher cost-effectiveness [22,23]. As mentioned above, universal 
screening of thyroid function in pregnant women has its advantages and disadvantages, but the 
results of our study suggest that although limited to ART pregnancies, preconception screening and 
treatment for SCH may contribute to improved perinatal outcomes. In the future, universal screening 
for thyroid function and proper hormone therapy in pregnant women may contribute to reducing 
perinatal risks, including preterm birth. 

There are no established criteria for the indications for SCH treatment in pregnant women. In a 
multicenter trial, 677 pregnant women with SCH (median TSH, 4.4 mU/L; free T4, normal) were 
randomized to levothyroxine therapy or placebo [24]. Levothyroxine treatment had no significant 
effect on maternal or fetal outcomes, such as preterm delivery, preeclampsia, gestational 
hypertension, and miscarriage, and there was no interaction effect with thyroid peroxidase (TPO) 
antibody positivity. In a meta-analysis of nine randomized controlled trials and 13 cohort studies, 
there was no benefit of SCH treatment on pregnancy outcomes [9]. However, evaluation of 
antithyroid antibody is also important in women diagnosed with SCH [4]. In a systematic review by 
the American Thyroid Association, regarding pregnancy-specific complications, although there is 
clearly a higher risk in TPO-positive women with TSH >2.5 mU/L, the risk was not constant in TPO-
negative women, even at significantly higher TSH levels (>5–10 mU/L) [25]. In a trial of 131 TPO 
antibody-positive women diagnosed with SCH, levothyroxine replacement significantly reduced the 
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rate of preterm delivery, especially in women with TSH ≥4 mU/L [26]. At present, it is uncertain 
whether thyroid hormone replacement therapy reduces perinatal risk in women with SCH. A recent 
meta-analysis suggested that high levels of TPO antibodies, even in euthyroid pregnant women, 
could adversely influence pregnancy outcomes after ART [27]. In contrast, euthyroid patients with 
TPO and/or antithyroglobulin antibodies showed no significant differences in pregnancy outcomes 
following fresh or frozen embryo transfer [28]. Therefore, the perinatal risk of antithyroid antibodies 
alone in euthyroid patients remains inconclusive. In the present study, we revealed that 
levothyroxine therapy could reduce the risk of preterm birth at <34 weeks among patients with SCH 
with TSH ≥2.5 mU/L. However, complete data on anti-TPO antibodies were not available; therefore, 
further studies are required in the future. 

This study included cases of ART singleton pregnancies in which thyroid function screening 
was performed before fertility treatment. The SCH rate was higher in the infertile women than in the 
control women (healthy women with confirmed fertility) (13.9% vs. 3.9%) [29]. A recent study 
showed that pregnant women with singleton ART with a history of abortion or spontaneous abortion 
were more likely to have thyroid-related diseases [30]. In Japan, universal screening of thyroid 
function is commonly performed before fertility treatment. In addition, all patients in group C were 
already receiving appropriate levothyroxine therapy by an endocrinologist at the time of conception 
and were appropriately managed for SCH throughout their pregnancy. The strength of this study is 
that the patients’ backgrounds were well established. Second, because it is a single facility, pregnancy 
management and treatment policies are homogeneous, and a certain quality of care is maintained. 
Our institution follows the Guidelines for Obstetrical Practice in Japan and provides standardized 
care. The limitations of this study include the following: inclusion of only singleton data from ART 
pregnancies; the absence of data on placental abruption, neonatal respiratory distress syndrome, 
and/or pregnancy loss among adverse pregnancy outcomes; the absence of data on the prognosis of 
the child, such as respiratory disorders and cognitive function; and the absence of data on anti-TPO 
antibodies. Another limitation is that the criteria for levothyroxine therapy (groups B and C) in 
patients with SCH are unknown. Finally, the number of cases examined in this study was limited; 
therefore, it is possible that statistical differences could not be detected. This study has the following 
inherent limitations: limitations inherent to the study design, potential for selection bias, and the 
inability to generalize the findings to different populations. Therefore, large-scale studies are 
required in the future. 

In conclusion, the rate of preterm birth at <34 weeks is significantly higher in patients with SCH; 
however, it is significantly lower in patients with SCH treated with levothyroxine therapy before and 
during pregnancy. Moreover, levothyroxine therapy is a significant protective factor against preterm 
birth at <34 weeks. These data provide valuable information for future clinical practice. Universal 
screening of thyroid function and proper hormone therapy in all pregnant women may reduce 
perinatal risks, including preterm birth. Further large-scale studies are warranted to estimate the 
perinatal risk of SCH, including data on antithyroid antibodies and the effects of levothyroxine 
therapy on perinatal risk, and to set cutoff values for appropriate therapeutic interventions. 
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