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Abstract

Background: The effect of isolated maternal hypothyroxinaemia (IMH) on pregnancy 
complications and neonatal outcomes in human beings is still controversial.
Methods: This was a retrospective cohort study based on the electronic medical register 
system. The records of women with a singleton pregnancy who sought antenatal 
examination between January 2014 and December 2015 at Shanghai First Maternity and 
Infant Hospital were extracted from the electronic medical records system. Thyroid-
stimulating hormone (TSH), free thyroxine (fT4) and anti-thyroperoxidase autoantibody 
(TPO-Ab) was measured before 20 gestational weeks, and a multiple logistic regression 
model was used to estimate the odds ratios of pregnancy complications and neonatal 
outcomes between euthyroid women and those with isolated hypothyroxinaemia.
Results: A total of 8173 women were included in this study, of whom 342 (4.18%) were 
diagnosed with IMH. Regression analysis showed that IMH diagnosed in the second 
trimester (13–20 weeks) was associated with an increased risk of hypertensive disorders 
of pregnancy (OR = 2.66, 95% CI: 1.38–5.10) and placenta abruption (OR = 3.64, 95% CI: 
1.07–12.41), but not with preterm delivery (OR = 1.09, 95% CI: 0.50–2.40), small or large 
gestational age of infant (OR = 0.91, 95% CI: 0.39–2.12; OR = 1.16, 95% CI: 0.72–1.86), 
macrosomia (OR = 1.71, 95% CI: 0.95–3.07), gestational diabetes mellitus (OR = 1.36,  
95% CI: 0.86–2.15) and placenta previa (OR = 1.62, 95% CI: 0.39–7.37).
Conclusion: IMH could be a risk factor for hypertensive disorders of pregnancy.

Introduction

Pregnancy has a profound impact on the thyroid gland 
and its function, so it is not surprising that thyroid 
diseases are relatively frequently observed among 
pregnant women. Maternal thyroid hormones are known 
to be crucial for normal foetal growth and development 
in childhood (1, 2, 3). This is particularly true in the first 
trimester when the foetus is entirely dependent on the 
transplacental passage of maternal thyroid hormones 
(4, 5). The prevalence of thyroid disease varies widely in 
its subtypes and populations (6, 7). A systematic review 
reported that pooled prevalence of thyroid dysfunction, 

using the 97.5th percentile as an upper limit for TSH, 
ranges from 0.5 to 3.5% in different subtypes (8). 

Treatment of overt hyperthyroidism or hypothyroid-
ism during pregnancy has been suggested by the Ameri-
can Thyroid Association (ATA) and the Endocrine Society 
due to its negative effect on the foetus and mother (9, 10). 
Although there are some controversial results on the effect 
of subclinical hypothyroidism or hyperthyroidism on 
health, a randomised controlled trial showed that treat-
ment of subclinical hypothyroidism appears beneficial for 
women who were undergoing in vitro fertilisation (11).  
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However, the link between isolated hypothyroxinaemia 
and mother and foetal health is still a matter of debate 
(12, 13).

Based on the electronic medical records system, we 
performed a study to estimate IMH in early pregnancy 
(≤20  weeks) and the risk of a series of pregnancy 
complications and neonatal outcomes, including 
gestational diabetes mellitus, hypertensive disorders of 
pregnancy, preterm delivery, placenta previa, placenta 
abruption and neonatal weight-related outcomes.

Subjects and methods

This was a hospital-based, retrospective cohort study. 
The records of women with a singleton pregnancy who 
sought antenatal examination between January 2014 and 
December 2015 at Shanghai First Maternity and Infant 
Hospital were extracted from the electronic medical 
records system (n = 24,762). The study was approved by 
the Ethics Committee of Shanghai First Maternity and 
Infant Hospital, Tongji University School of Medicine. 
Consent has been obtained from each patient or subject 
after full explanation of the purpose and nature of all 
procedures used. The study was performed in accordance 
with the approved guidelines.

Population

The study population is shown in a flow chart (Fig.  1). 
Women with full information on all thyroid function 
indexes were included in the study, including for TSH, free 
thyroxine (fT4) and anti-thyroperoxidase autoantibody 
(TPO-Ab) (n = 12,159). Those women with positive 
TPO-Ab (>60 U/mL) were excluded from the study first 
(n = 1338). Women with implausible gestational age  

(>44 gestational weeks, n = 284), diagnosis of gestational 
age for thyroid function earlier than last menstrual period 
or after 20 gestational weeks (n = 1705) or with history of 
thyroid illness according to their medical history (n = 84) 
were also excluded from the study. According to the study 
design, except for women with a diagnosis of isolated 
hypothyroxinaemia, those diagnosed with other thyroid 
diseases, including overt hyperthyroidism (n = 96), 
subclinical hyperthyroidism (n = 186), hypothyroidism 
(n = 16), subclinical hypothyroidism (n = 212) or high fT4 
but normal TSH concentration (n = 65) were also excluded 
from the analysis. Finally, a total of 8173 women were 
included in the final analysis.

Thyroid function tests

Serum samples from women who presented for prenatal 
care in the first half of pregnancy were retrieved, and the 
thyroid function indexes were measured, including TSH, 
fT4 and TPO-Ab. The reference values for TSH and fT4 were 
determined by using the 2.5th and 97.5th percentiles for 
gestational age in our institution. For the first trimester, 
the reference intervals were 0.06–3.83 mIU/L for TSH and 
1.01–1.57 ng/dL for fT4. For the second trimester, they 
were 0.07–4.08 mIU/L for TSH and 0.95–1.53 ng/dL for fT4 
(14). The detailed information on thyroid function tests 
was described in our previously published article (14). 
Isolated hypothyroxinaemia is defined by a lower fT4 
level (≤2.5th percentile) with normal TSH concentration 
and negative TPO-Ab, according to the Chinese Society of 
Endocrinology in this study.

Main pregnancy outcomes

Information on pregnancy outcomes was obtained 
through medical records. Gestational age was based on 

Figure 1
Flow chart concerning the study population.
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the interval between last menstrual period and date of 
delivery of the baby. When the menstrual estimate of 
gestational age was inconsistent by 7 or more days within 
the ultrasound measurement, we used the ultrasound-
corrected gestational age. According to the birthweight, 
the newborn could be classified into three groups: low 
birth weight (LBW, <2500 g), macrosomia (≥4000 g) and 
optimal birthweight. Small for gestational age (SGA) 
and large for gestational age (LGA) identified newborns 
whose birthweight was below the 10th percentile and 
above the 90th percentile, respectively, according to the 
Chinese birth weight reference percentiles (15). Preterm 
delivery was defined as births with gestational age less 
than 37  weeks. A 75 g oral glucose tolerance test at 
24–28 weeks of gestation was performed. Women with 
a fasting blood glucose level ≥5.1 mmol/L, a 1-h blood 
glucose level ≥10.0 mmol/L or a 2-h blood glucose level 
≥8.5 mmol/L were diagnosed with gestational diabetes 
mellitus (GDM). Women with systolic blood pressure 
≥140 mmHg and/or diastolic blood pressure ≥90 mmHg 
in any visit after the 20th week of gestation were 
considered to have hypertensive disorders of pregnancy. 
Placenta previa and placenta abruption were also 
observed in this study.

Statistical analysis

The basic characteristics of pregnant women were 
compared using the Student’s t-test for quantitative 
variables and the χ2 test for categorical variables between 
the euthyroid and IMH groups. We used logistic regression 
models to evaluate the odds ratios (ORs) of women with 
an IMH diagnosis, compared with euthyroid women. 
According to the previous studies, we adjusted for the 
following confounders in multiple-regression models: 
BMI (<18.5, 18.5–23.9, ≥24), health insurance (yes, no), 
gravidity (1, 2, ≥3), parity (primipara, multipara), family 
history of chronic disease (yes, no) and newborn sex (boy, 
girl). Family history of chronic disease was defined by self-
reported information at the initial antenatal visit, and 
included diabetes mellitus, hypertension, heart diseases 
and kidney diseases. We also investigated the association 
between IMH and pregnancy outcomes by trimester. 
Because birthweight was associated with hyperglycaemia, 
we adjusted the maternal diabetes status (GDM: yes, no) 
according to the association between IMH and neonatal 
outcomes. All data were analysed by using SAS for 
Windows, version 9.4 (SAS Institute, Inc.). A P < 0.05 was 
considered statistically significant.

Table 1 Basic characteristic of the population between euthyroid and IMH&.

Basic characteristic Euthyroid (n = 7831) IMH (n = 342) P value

Maternal age at pregnancy 29.76 ± 3.75 30.59 ± 3.83 0.5958
Gestational age (days) 275.41 ± 9.41 274.47 ± 10.41 0.0074
Menarche age (years) 13.81 ± 1.52 13.78 ± 1.45 0.2629
BMI
 <18.5 1162 (24.46) 43 (18.45)
 18.5–23.9 3047 (64.13) 146 (62.66)
 ≥24 542 (11.41) 44 (18.88) 0.0009
Health insurance
 Yes 5803 (74.10) 237 (69.30)
 No 2028 (25.90) 105 (30.70) 0.0477
Newborn sex
 Boy 4052 (51.74) 178 (52.05)
 Girl 3779 (48.26) 164 (47.95) 0.9124
Family history of chronic diseases
 Yes 2311 (29.51) 105 (30.70)
 No 5520 (70.94) 237 (69.30) 0.6378
Gravidity
 1 4410 (56.33) 168 (49.12)
 2 2039 (26.04) 88 (25.73)
 ≥3 1380 (17.63) 86 (25.15) 0.0012
Parity
 Primipara 6258 (79.91) 248 (72.73)
 Multipara 1573 (20.09) 93 (27.27) 0.0013
TSH* 1.39 (0.89–2.02) 1.52 (1.06–2.13) 0.0004
fT4* 1.17 (1.09–1.26) 0.93 (0.90–0.94) <0.0001

&isolated maternal hypothyroxinemia; *median (Q25–Q75).
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Results

The study population consisted of 8173 women, of whom 
342 (4.18%) were diagnosed with IMH. Women with 
an IMH diagnosis were more likely to be underweight, 
primipara and without previous gravidity compared with 
euthyroid women. There was no significant difference 
in maternal age, menarche age, newborn sex or family 
history of chronic diseases between the euthyroid and 
IMH groups (P >0.05) (Table 1). 

The neonatal weights from euthyroid mothers and IMH 
mothers were 3348.56 ± 437.50 g and 3387.00 ± 494.00 g 
(t = 677.24, P < .0001), respectively. Table  2 shows the 
univariate and multiple logistic regression analyses 
to assess the association between IMH and neonatal 
outcomes. We observed that IMH was associated with an 
increased risk of macrosomia after adjusting for maternal 
BMI, health insurance, newborn sex, family history of 
chronic diseases, parity and gravidity (adjusted OR = 1.83, 
95% CI: 1.17–2.86), but not with LBW (adjusted OR = 1.08, 
95% CI: 0.50–2.35). After additionally adjusting for 
maternal diabetes status, the association between IMH 
and macrosomia was still statistically significant (adjusted 
OR = 1.64, 95% CI: 1.04–2.67). When the newborns were 
categorised into three groups according to birth weight 
reference percentiles for Chinese babies, we observed 
that there was no association between IMH and risk of 
small gestational age of the infant (SGA) (OR = 0.81,  

95% CI: 0.39–1.66) or large gestational age of the infant 
(LGA) (OR = 1.09, 95% CI: 0.74–1.61). 

In terms of pregnancy complications, we observed that 
IMH was associated with an increased risk of hypertensive 
disorders of pregnancy (OR = 2.21, 95% CI: 1.28–3.82) but 
not for GDM (OR = 1.40, 95% CI: 0.98–2.00), preeclampsia 
(OR = 1.22, 95% CI: 0.37–4.04), placenta abruption 
(OR = 1.46, 95% CI: 0.44–4.89), placenta previa (OR = 2.24, 
95% CI: 0.51–9.86) or preterm delivery (OR = 0.83,  
95% CI: 0.42–1.65) (Table 3).

When stratified by trimester, we observed a statistically 
significant association between IMH and increased risk 
of hypertensive disorders of pregnancy in the second 
trimester (OR = 2.66, 95% CI: 1.38–5.10) but not in the 
first trimester (OR = 1.47, 95% CI: 0.51–4.19) (Table  4). 
Different from the main analysis, we observed that IMH 
was not associated with macrosomia in either the first 
or second trimester but was significantly associated with 
an increased risk for placenta abruption in the second 
trimester (OR = 3.64, 95% CI: 1.07–12.41) (Table 5).

Discussion

In this study, the prevalence of IMH was 4.18%, which 
is consistent with data from mildly iodine-deficient areas 
(16). Our study indicated that IMH diagnosed during 
the second trimester was associated with an increased 

Table 2 Association between IMH and neonatal outcomes.

Neonatal outcomes Euthyroid (n = 7831) IMH (n = 342) Crude OR (95%CI)
Adjusted OR  
(95%CI)model1

Adjusted OR  
(95%CI)model2

LBWa (<2500 g) 210 (2.68) 11 (3.22) 1.25 (0.68–2.32) 1.08 (0.50–2.35) 1.11 (0.51–2.42)
Macrosomia (≥4000 g) 457 (5.84) 31 (9.06) 1.62 (1.11–2.37) 1.83 (1.17–2.86) 1.64 (1.01–2.67)
Normal birthweight (2500–4000 g) 7164 (91.48) 300 (87.72) 1.00 (ref) 1.00 (ref) 1.00 (ref)
SGAb 344 (4.39) 13 (3.80) 0.92 (0.52–1.62) 0.78 (0.38–6.61) 0.81 (0.39–1.66)
LGAc 1028 (13.13) 63 (18.42) 1.49 (1.12–1.97) 1.28 (0.90–1.83) 1.09 (0.74–1.61)
Normal size for gestational age 6459 (82.48) 266 (77.78) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Model 1. Adjusted for BMI, health insurance, gravidity, parity, family history of chronic disease and newborn sex; Model 2. Model 1 + maternal diabetes 
status.
aLow birth weight; bsmall for gestational age of infant; clarge for gestational age of infant. Bold indicates statistical significance, P < 0.05.

Table 3 Association of IMH and pregnancy complications.

Pregnancy complications Euthyroid (n = 7831) IMH (n = 342) Crude OR (95%CI) Adjusted OR (95%CI)*

GDMa 1,002 (13.30) 59 (18.21) 1.45 (1.09–1.94) 1.40 (0.98–2.00)
Placenta previa 30 (0.38) 4 (1.17) 1.15 (0.36–3.67) 1.46 (0.44–4.89)
Placenta abruption 60 (0.77) 3 (0.88) 3.08 (1.08–8.97) 2.24 (0.51–9.86)
Hypertensive disorders of pregnancy 222 (2.83) 20 (5.85) 2.13 (1.33–3.40) 2.21 (1.28–3.82)
Preeclampsia 71 (0.91) 4 (1.17) 1.29 (0.47–3.56) 1.22 (0.37–4.04)
Preterm delivery 327 (4.18) 16 (4.68) 1.13 (0.67–1.88) 0.83 (0.42–1.65)

*Adjusted for BMI, health insurance, gravidity, parity, family history of chronic disease and newborn sex; aGDM: gestational diabetes mellitus. Bold 
indicates statistical significance, P < 0.05.
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risk of hypertensive disorders of pregnancy and placenta 
abruption but not with LBW or macrosomia, GDM, 
preterm delivery, large or small gestational age for infant 
or placenta previa.

Thyroid dysfunction during pregnancy is a matter 
of concern today, due to its widespread presence in 
pregnant women and the potential risk to children’s 
neurodevelopment. However, its relationship with 
clinical obstetric trimester variation is still controversial 
(17, 18, 19). The aetiology of IMH is still not well known, 
but iodine deficiency is proposed as a main one (20). 
Although iodised salt policy has been performed nation-
wide since 1995 in China, many studies have indicated 
that iodine deficiency is still universal among pregnant 
women in early pregnancy in Shanghai (21, 22, 23).

Our study is also in accordance with a previous study, 
which indicated that IMH identified in the second trimester 
of gestation was a risk factor for gestational hypertension, 
with an odds ratio equal to 4.02 (P < 0.01) (19). However, 
Zhang Yong et  al. reported that the incidence of 

hypertensive disorders of pregnancy was not significantly 
correlated with maternal fT4 levels, whereas IMH in the 
third trimester of pregnancy carried an increased risk of 
developing preeclampsia (24). In our study, we observed 
that IMH was associated with hypertensive disorders 
of pregnancy but not with preeclampsia. In clinics, 
hypertensive disorders of pregnancy were diagnosed 
after 20 gestational weeks. It is difficult to state the time 
sequence of IMH in the third trimester and the risk of 
preeclampsia, which could be a reverse causation. It 
was reported that there is a dose–response relationship 
between fT4 level and risk of hypertension (25), and 
adenosine and its analogues or related kinases could be 
important bridges between hypothyroxinaemia and 
hypertensive disorders of pregnancy (24). However, the 
mechanism still needs to be investigated further.

We observed that IMH is related to an increased risk 
of macrosomia, which was also reported by Goldman 
et al. (17). When considering gestational age, we did not 
observe an association of IMH with LGA or SGA infants, 

Table 4 Trimester-specific prevalence of perinatal outcomes according to the thyroid function.

Pregnancy outcomes
First trimester (<13 weeks, n = 2208) Second trimester (13–20 weeks, n = 5965)

Euthyroid (n = 2107) IMH (n = 101) Euthyroid (n = 5724) IMH (n = 241)

LBWa 63 (2.99) 3 (2.97) 147 (2.57) 8 (3.32)
Macrosomia 109 (5.17) 11 (10.89) 348 (6.08) 20 (8.30)
SGAb 91 (4.32) 2 (1.98) 253 (4.42) 11 (4.56)
LGAc 264 (12.53) 19 (18.81) 764 (13.35) 44 (18.26)
Preterm delivery 93 (4.41) 2 (1.98) 234 (4.09) 14 (5.81)
Hypertensive disorders of 

pregnancy
57 (2.71) 4 (3.96) 165 (2.88) 16 (6.64)

Preeclampsia 15 (0.71) 2 (1.98) 56 (0.98) 2 (0.83)
GDMd 260 (12.97) 18 (18.95) 742 (13.42) 41 (17.90)
placenta previa 19 (0.90) 1 (0.99) 41 (0.72) 2 (0.83)
Placenta abruption 10 (0.47) 1 (0.99) 20 (0.35) 3 (1.24)

aLow birth weight; bsmall for gestational age of infant; clarge for gestational age of infant; dgestational diabetes mellitus.

Table 5 Trimester-specific association of IMH and perinatal outcomes.

Pregnancy outcomes
First trimester (<13 weeks) Second trimester (13–20 weeks)

Crude OR (95%CI) Adjusted OR (95%CI) * Crude OR (95%CI) Adjusted OR (95%CI)*

LBWa 1.06 (0.33–3.44) 1.08 (0.33–3.53) 1.34 (0.65–2.76) 1.08 (0.39–3.02)
Macrosomia 2.25 (1.17–4.33) 1.91 (0.94–3.88) 1.41 (0.88–2.26) 1.71 (0.95–3.07)
SGAb 0.48 (0.12–1.99) 0.53 (0.13–2.21) 1.10 (0.59–2.05) 0.91 (0.39–2.12)
LGAc 1.58 (0.94–2.64) 1.47 (0.85–2.53) 1.46 (1.04–2.04) 1.16 (0.72–1.86)
Preterm delivery 0.44 (0.11–1.80) 0.48 (0.12–1.98) 1.45 (0.83–2.52) 1.09 (0.50–2.40)
Hypertensive disorders of 

pregnancy
1.48 (0.53–4.17) 1.47 (0.51–4.19) 2.40 (1.41–4.07) 2.66 (1.38–5.10)

Preeclampsia 2.82 (0.64–12.49) 2.85 (0.63–12.96) 0.85 (0.21–3.49) 0.56 (0.07–4.20)
GDMd 1.57 (0.92–2.66) 1.49 (0.85–2.62) 1.41 (1.00–1.99) 1.36 (0.86–2.15)
placenta previa 1.10 (0.15–8.29) 0.84 (0.11–6.56) 1.16 (0.28–4.82) 1.62 (0.39–7.37)
Placenta abruption 2.10 (0.27–16.54) 2.22 (0.28–7.77) 3.60 (1.06–2.18) 3.64 (1.07–12.41)

*Adjusted for BMI, health insurance, gravidity, parity, family history of chronic disease and newborn sex; alow birth weight; bsmall for gestational age of 
infant; clarge for gestational age of infant; d gestational diabetes mellitus. Bold indicates statistical significance, P < 0.05.
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which is in contrast to previous studies (19, 26). Although 
gestational age was significantly different in the two 
groups (275.4 days vs 274.5 days), a 1-day difference is not 
clinically important and could not bias the association of 
IMH on birth weight. Because hyperglycaemia is a risk 
factor for macrosomia (27), we also performed sensitivity 
analysis by adjusting gestational age and GDM, which 
showed no obvious change in estimates. Of interest is a 
study that reported increased odds of LGA in non-Hispanic 
white women with hypothyroidism but increased odds 
of SGA in Hispanic black women with hypothyroidism 
(28). Hence, we speculated that the association between 
IMH and macrosomia might be biased by unmeasured 
confounders, such as nutrition supplement, ethnicity 
and so on. We also observed an increased risk of placenta 
abruption in women with hypothyroxinaemia, but this 
observation was imprecise due to sparse data (two cases in 
the IMH group).

A meta-analysis that included 15 studies showed that 
IMH had no association with preterm delivery, which 
agrees with our study (29). No association was observed 
between IMH and GDM, which was also supported by 
previous study (16). Although studies reported that 
thyroid dysfunction was more prevalent in women with 
GDM (30), and free T4 is a potential risk factor for GDM 
(12), most studies reported an association between clinical 
or subclinical thyroid dysfunction and risk of GDM (31, 
32, 33) but not of IMH. 

There are several strengths in our study. First, we 
used specific trimester reference ranges for TSH and fT4 
in our institution instead of the universal World Health 
Organization (WHO) recommended range. Second, 
none of the women with isolated hypothyroxinaemia 
was prescribed levothyroxine in our institution, so bias 
regarding the treatment for hypothyroxinaemia could 
be excluded. Third, the large sample size was another 
advantage of this study, which partly guaranteed the 
robustness of the results. The main limitation was that we 
did not measure the iodine level, which is a key aetiology 
of IMH. Urinary iodine deficiency is universal in Shanghai, 
China (21, 22). However, the complete association 
between IMH and iodine deficiency is still controversial. 
Some other factors have also been proposed as potential 
aetiologies of hypothyroxinaemia, such as environmental 
disruptors, obesity and imbalance between pro- and anti-
angiogenic factors (21, 34).

The prevalence of IMH is high in early pregnancy in 
Shanghai, and IMH identified during the second trimester 
is associated with an increased risk of hypertensive 
disorders of pregnancy and placenta abruption. 
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