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Abstract
Background Evidence regarding adverse pregnancy outcomes in patients with thyroid cancer has been conflicting, 
and the effect of thyroid dysfunction caused by thyroid hormone suppression therapy in terms of neonatal thyroid 
stimulating hormone (TSH) is unclear. This study aimed to investigate whether thyroid cancer was associated with 
adverse pregnancy outcomes and had an adverse effect on neonatal thyroid function.

Methods This was a retrospective study of 212 singleton pregnancies with thyroid cancer and 35,641 controls 
without thyroid cancer. Data on maternal pregnancy outcomes and neonatal outcomes were analyzed.

Results The median TSH level in the thyroid cancer group was significantly lower than that in the control group 
(0.87 µIU/mL vs. 1.17 µIU/mL; P < 0.001), while the FT4 level was higher than that in the control group (17.16 pmol/L 
vs. 16.33 pmol/L; P < 0.001). The percentage of thyroid peroxidase antibodies (TPOAb) positive in the thyroid cancer 
group was significantly higher than that in the control group (25.0% vs. 11.8%; P < 0.001). Pregnancies with thyroid 
cancer had a higher risk of late miscarriage (OR 7.166, 95% CI: 1.521, 33.775, P = 0.013), after adjusting maternal TPOAb 
positive, there was no statistical significance (OR 3.480, 95% CI: 0.423, 28.614, P = 0.246). Pregnancies with thyroid 
cancer had higher gestational weight gain (GWG) (14.0 kg vs. 13.0 kg, P < 0.001). Although there was no significant 
difference in the prevalence of gestational diabetes mellitus (GDM) (20.8% vs. 17.4%, P = 0.194), the oral glucose 
tolerance test (OGTT) showed that fasting plasma glucose and 2-hour value in the thyroid cancer group were higher 
than those in the control group (P = 0.020 and 0.004, respectively). There was no statistically significant difference in 
TSH between the thyroid cancer group and the control group, regardless of full-term newborns or preterm newborns.

Conclusions Thyroid cancer might not have substantial adverse effects on pregnancy outcomes except for 
excessive GWG. No adverse effect on neonatal TSH was found, but the effect on long-term thyroid function and 
neuropsychological function in offspring need further study.
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Background
Thyroid cancer is one of the most common cancers diag-
nosed in young women [1]. Figures from the National 
Cancer Center (NCC) of China annually report show that 
thyroid cancer experienced the largest increase in inci-
dence among all cancer types in China and is the fourth 
most common cancer in Chinese women with age-stan-
dardized incidence rates of thyroid cancer at 17.7% [2]. 
Differentiated thyroid cancer (DTC) is the most fre-
quent subtype of thyroid cancer. In most patients, the 
standard treatment (thyroidectomy with or without 
radioactive iodine treatment) is effective [3, 4]. Thyroid 
hormone replacement therapy or thyroid hormone sup-
pression therapy after thyroidectomy is needed [3, 4]. 
The main challenge in caring for women with previously 
treated thyroid cancer is maintaining the thyroid stimu-
lating hormone (TSH) level within the suitable range. 
Thyroid hormones play an essential role in maintaining 
pregnancy and promoting optimal fetal development. 
According to the American Thyroid Association (ATA) 
recommendation, pregnant women with thyroid cancer 
should be managed at the same TSH goal as determined 
preconception [5]. The importance of adequate thyroid 
hormonal status during pregnancy has been empha-
sized in association with pregnancy outcomes [6–10]. 
Several retrospective studies have discussed the effects 
of a history of thyroid cancer on pregnancy outcomes 
[11–15]. However, the evidence regarding adverse preg-
nancy outcomes in patients with thyroid cancer has been 
conflicting.

The formation and maturation of the newborn’s hypo-
thalamic-pituitary-thyroid axis begin in utero with fetal 
dependence on maternal thyroid hormones early in the 
pregnancy and later on the direct supply of iodine from 
the mother for its thyroxine production [16]. Studies 
have suggested that maternal thyroid dysfunction dur-
ing development may induce a shift in the hypothalamic-
pituitary-thyroid axis set point of the offspring [17–19]. It 
has been shown that maternal thyroid function was posi-
tively associated with offspring thyroid function at birth 
[19–22]. Nevertheless, the effect of thyroid dysfunction 
caused by thyroid hormone suppression therapy in terms 
of neonatal TSH is unclear.

Therefore, we aimed to evaluate the incidence of 
adverse pregnancy outcomes, including late miscarriage, 
stillbirth, and preterm delivery, in patients with thyroid 
cancer and to investigate whether patients with thyroid 
cancer had an increased risk of adverse pregnancy out-
comes compared with those without thyroid cancer by 
conducting a retrospective study. Another aim of this 
study was to investigate whether the neonatal thyroid 

function of mothers with thyroid cancer differed from 
that of mothers without thyroid cancer.

Methods
Study design
The study was embedded in the Beijing Birth Cohort 
Study (ChiCTR220058395). The study included singleton 
pregnancy women who had a history of thyroid cancer 
or were diagnosed with thyroid cancer during pregnancy 
and received prenatal care at Beijing Obstetrics and 
Gynecology Hospital, Capital Medical University from 
January 2016 to December 2021. The control group was 
singleton pregnancy women who received care at Beijing 
Obstetrics and Gynecology Hospital between January 
2016 to December 2021, with no history of thyroid can-
cer, other thyroid diseases, or other malignant tumors. 
Supplementary Fig. 1 shows the flow chart of the control 
group’s enrollment. This study has been performed in 
accordance with the Declaration of Helsinki and has been 
approved by the ethics committee of Beijing Obstet-
rics and Gynecology Hospital, Capital Medical Univer-
sity (2018-ky-009-01). Since the anonymous data were 
respectively extracted from the electronic record without 
any information that could identify particular individual, 
a waiver of informed consent was granted by the ethics 
committee of Beijing Obstetrics and Gynecology Hospi-
tal, Capital Medical University.

Data collection
Baseline information, pregnancy outcomes, and neonatal 
data were obtained from the electronic database of Bei-
jing Obstetrics and Gynecology Hospital, Capital Medi-
cal University. History of abnormal pregnancy includes 
early and late miscarriage, fetal loss, stillbirth, and pre-
term delivery. Thyroid cancer-related data were collected, 
including diagnosis time, duration, treatment modality, 
and levothyroxine (L-T4) treatment before and during 
pregnancy. The levels of maternal TSH, free thyroxine 
(FT4), and thyroid peroxidase antibodies (TPOAb) were 
recorded during the first prenatal visit before 16 weeks 
of gestation. The TPOAb concentration was considered 
positive when levels were above 60 U/mL. Plasma glucose 
and lipids were measured in the first trimester (before 16 
weeks) and the third trimester (32–34 weeks). The 2-h 
75-g oral glucose tolerance test (OGTT) was performed 
at 24–28 weeks’ gestation. In their offspring, TSH was 
measured in plantar blood samples on filter paper cards 
screening for congenital hypothyroidism 72  h to 7 days 
after birth.

Keywords Thyroid cancer, Pregnancy outcome, Neonatal thyroid function
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Outcome measures
Maternal outcomes of this study included late miscar-
riage (defined as the spontaneous loss of a pregnancy 
from 12 to 23+ 6 weeks of gestation) [23], stillbirth 
(defined as a baby who dies after 28 weeks of pregnancy, 
but before or during birth), preterm delivery (between 
gestational weeks 28 and 36+ 6); delivery by cesarean 
section; gestational diabetes mellitus (GDM, diagnosed 
according to a the 2-h 75-g OGTT between 24 and 28 
week’s gestation, with plasma glucose thresholds for 
fasting, 1-, and 2- hour being 5.1, 10.0, and 8.5 mmol/L, 
respectively); hypertensive disorders in pregnancy (HDP, 
including chronic hypertension, gestational hyperten-
sion, preeclampsia/eclampsia, and preeclampsia super-
imposed on chronic hypertension) [24]; premature 
rupture of membranes (defined as rupture of membranes 
before the onset of labor) [25]; placenta previa (defined 
as the placenta lies directly over the internal os) [26]; 
placenta abruption (defined as the early separation of a 
placenta from the lining of the uterus before completion 
of the second stage of labor) [27]; abnormally invasive 
placentation (defined as previously described by Col-
lins et al. [28]); postpartum hemorrhage (≥ 1000 mL for 
cesarean delivery or ≥ 500 mL for vaginal delivery). The 
neonatal outcomes of this study included macrosomia 
(defined as a newborn birth weight of more than 4000 g); 
low birth weight infant (LBW, defined as a newborn birth 
weight below 2500 g).

Statistical analyses
Quantitative data with non-normal distribution are 
shown as median (interquartile range), and categorical 
data are presented as percentages. Mann-Whitney U test, 
chi-square test, and general linear repeated-measures 
model were used to assess the differences between the 
control and study groups where appropriate. Multivari-
able logistic regression analysis was used to estimate 
the odds ratio (OR) and the confidence intervals (CIs) 
for the association of thyroid cancer with adverse preg-
nancy outcomes. For multivariable logistic analyses, a 
fixed set of known risk factors for adverse pregnancy out-
comes was adjusted for potential confounding, including 

maternal TPOAb positive, maternal age, multiparity, 
pre-pregnancy diabetes mellitus (DM), and HDP. Mul-
tiple linear regression models were used to investigate 
the association between variables and GWG. Covariates 
included the maternal history of thyroid cancer, mater-
nal age, maternal pre-pregnancy body mass index (BMI), 
multiparity, history of the polycystic ovarian syndrome 
(PCOS), pre-pregnancy DM, GDM, HDP, and gestational 
age of delivery. TSH and FT4 were log-transformed and 
were approximately normally distributed with these 
transformations. Multiple linear regression models were 
used to investigate the association between variables and 
neonatal TSH. Covariates were selected based on biologi-
cal confounding plausibility, change in effect estimate of 
the variable of interest, or the reduction of the residual 
variance of the model. Covariates included the maternal 
history of thyroid cancer, maternal TSH, maternal FT4, 
maternal TPOAb positive, maternal age, maternal pre-
pregnancy BMI, mode of conception, mode of delivery, 
birth month, and neonatal gender. When comparing neo-
natal TSH levels, we used propensity score matching to 
eliminate possible confounding factors. A 1:1 matching 
was performed on the propensity score with a maximum 
caliber of 0.05, and 205 cases in the thyroid cancer group 
and 205 controls were included in the statistical analysis. 
Matching variables include maternal age, pre-pregnancy 
BMI, gestational age of delivery, mode of delivery, birth 
month, neonatal gender, maternal history of pre-preg-
nancy DM, GDM, HDP. A P value < 0.05 was considered 
statistically significant. All analyses were performed 
using Statistical Package of Social Sciences version 25.0 
for Windows (SPSS Inc).

Results
Population characteristics
From 2016 to 2021, 212 women with thyroid cancer were 
included in this study. Table 1 shows information about 
the thyroid cancer therapy of the patients. The median 
interval from diagnosis of thyroid cancer to conception 
was 3.0 (1.5, 4.0) years. Only two women were diagnosed 
during pregnancy. Most patients (98.1%) received thy-
roidectomy, among whom seven patients (3.3%) were 

Table 1 Information about thyroid cancer therapy (n = 212)
Variables n (%)/median (IQR)
Time interval between year of diagnosis and conception, years 3.0 (1.5, 4.0)

Cases diagnosed during pregnancy, n (% of pregnancies) 2 (0.9%)

Treatment

 Thyroidectomy only, n (% of pregnancies)
 Thyroidectomy and RAIT, n (% of pregnancies)
 No surgery or RAIT, n (% of pregnancies)

201 (94.8%)
7 (3.3%)
4 (1.9%)

Dosage of L-T4 pre-pregnancy, µg/kg/day 1.63 (1.29, 1.94)

Dosage of L-T4 during pregnancy, µg/kg/day 1.77 (1.38, 2.38)
Abbreviations: IQR, inter-quartile range; RAIT, radioactive iodine therapy; L-T4, levothyroxine
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treated with radioactive iodine therapy (RAIT) after 
surgery. Four patients were on an active surveillance 
management approach because of their papillary micro-
carcinomas without clinically evident metastases or local 
invasion. The median dosage of L-T4 pre-pregnancy was 
1.63  µg/kg/day and it increased to 1.77  µg/kg/day dur-
ing pregnancy. The median TSH and FT4 levels during 
early pregnancy were 0.87 µIU/mL and 17.16 pmol/L, 
respectively.

The basic characteristics of the two groups are pre-
sented in Table 2. Women with thyroid cancer tended to 
be older with a higher pre-pregnancy BMI and a higher 
prevalence of pre-pregnancy hypertension. The propor-
tion of women with history of abnormal pregnancy in the 
thyroid cancer group was significantly higher than that in 
the control group (19.3% vs. 11.7%; P = 0.001). In terms of 
pre-pregnancy DM, history of HDP, history of GDM, and 
conceived by in vitro fertilization-embryo transfer (IVF-
ET), no difference was observed between thyroid cancer 
patients and the control group.

When comparing the differences in the maternal thy-
roid function during early pregnancy between the two 
groups, we found that the median TSH level in the thy-
roid cancer group was significantly lower than that in the 
control group (0.87 µIU/mL vs. 1.17 µIU/mL; P < 0.001), 
while the FT4 level in the thyroid cancer group was sig-
nificantly higher than that in the control group (17.16 
pmol/L vs. 16.33 pmol/L; P < 0.001). The percentage of 
TPOAb positive in pregnant women with thyroid cancer 
was 25.0%, which was significantly higher than that in the 
control group (11.8%), P < 0.001.

Maternal outcomes
The maternal outcomes between pregnant women with 
and without thyroid cancer was shown in Table 3. Most 
adverse obstetric outcomes such as stillbirth, preterm 
delivery, cesarean section, GDM, HDP, premature rup-
ture of membranes, placenta previa, placenta abrup-
tion, abnormally invasive placentation, and postpartum 
hemorrhage had no difference between the two groups. 
Pregnant women with thyroid cancer had a higher risk of 
late miscarriage (0.9% vs. 0.0%; OR 7.166, 95% CI: 1.521, 
33.775, P = 0.013). However, after adjusting maternal 
TPOAb positive, there was no statistical significance (OR 
3.480, 95% CI: 0.423, 28.614, P = 0.246) (Table 4).

The differences in GWG and glucolipid levels
As shown in Table 3, no matter whether in all pregnant 
women or full-term pregnant women, the GWG in the 
thyroid cancer group was higher than that in the control 
group. Multiple linear regression analysis showed that 
GWG was related to the history of thyroid cancer after 
adjusting maternal age, pre-pregnancy BMI, multiparity, 
history of PCOS, pre-pregnancy DM, GDM, HDP, and 
delivery gestational age (Table 5).

When comparing the differences in the glucolipid levels 
in the first and third trimesters of pregnancy between the 
two groups (Supplementary Table 1), levels of total cho-
lesterol (TCHO) and high-density lipoprotein cholesterol 
(HDL-C) in the thyroid cancer group were found to be 
significantly higher in the first trimester. However, there 
was no significant difference in glucolipid levels between 
the two groups in the third trimester. Although there 
was no significant difference in the prevalence of GDM 

Table 2 Baseline clinical characteristics of pregnancies
Variables Thyroid cancer

(n = 212)
Control group (n = 35,641) P value

Age, years 32.8 (30.2, 35.4) 31.4 (28.9, 34.5) < 0.001

Multiparity, n (% of pregnancies) 62 (29.2%) 11,252 (31.6%) 0.466

History of abnormal pregnancy a, n (% of pregnancies) 41 (19.3%) 4165 (11.7%) 0.001

Pre-pregnancy BMI, kg/m2 22.0 (20.1, 24.4) 21.2 (19.5, 23.4) < 0.001

Pre-pregnancy hypertension, n (% of pregnancies) 5 (2.4%) 222 (0.6%) 0.012

Pre-pregnancy DM, n (% of pregnancies) 1 (0.5%) 162 (0.5%) 0.382

History of PCOS, n (% of pregnancies) 5 (2.4%) 1449 (4.1%) 0.209

History of HDP, n (% of multiparity) 3 (4.8%) 437 (3.9%) 0.735

History of GDM, n (% of multiparity) 6 (9.7%) 883 (7.8%) 0.632

Family history of hypertension, n (% of pregnancies) 55 (25.9%) 6536 (18.3%) 0.004

Family history of DM, n (% of pregnancies) 32 (15.1%) 4092 (11.5%) 0.100

Conceived by IVF-ET, n (% of pregnancies) 11 (5.2%) 1635 (4.6%) 0.677

Thyroid function during early pregnancy

 TSH, µIU/mL
 FT4, pmol/L
 TPOAb positive, n (% of pregnancies)

0.87 (0.30, 1.70)
17.16 (15.62, 19.11)
53 (25.0%)

1.20 (0.67, 1.87)
15.48 (14.22, 16.93)
4190 (11.8%)

< 0.001
< 0.001
< 0.001

Abbreviations: BMI, body mass index; DM, diabetes mellitus; PCOS, polycystic ovary syndrome; HDP, hypertensive disorders of pregnancy; GDM, gestational diabetes 
mellitus; IVF-ET, in vitro fertilization-embryo transfer
a History of abnormal pregnancy included early and late miscarriage, fetal loss, stillbirth, and preterm delivery
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between the two groups (20.8% vs. 17.4%; P = 0.194), 
OGTT showed that fasting plasma glucose and 2-hour 
value in the thyroid cancer group were higher than those 
in the control group (P = 0.020 and = 0.004, respectively) 
(Supplementary Table 1).

Neonatal outcomes
As shown in Table 3, the proportions of male newborns 
in the thyroid cancer group and the control group were 
49.5% and 51.4%, respectively. The mean newborn birth-
weight of the thyroid cancer group was 3365 g which was 
similar to that of the control group (3370 g). And there 
was no significant difference in the proportion of mac-
rosomia and the proportion of LBW between the two 
groups.

Table 3 The maternal and neonatal outcomes between pregnancies with and without thyroid cancer
Variables Thyroid cancer

(n = 212)
Control group (n = 35,641) P value

Gestational weeks of deliveries, weeks 39.0 (38.0, 40.0) 39.4 (38.6, 40.3) 0.816

GWG of all pregnancies, kg 14.0 (10.9, 16.0) 13.0 (9.0, 16.0) 0.012/ <0.001a

GWG of full-term deliveries, kg 14.0 (11.0, 16.3) 13.0 (9.5, 16.0) 0.011/ <0.001a

Late miscarriage, n (% of pregnancies) 2 (0.9%) 4 (0.0%) 0.001

Stillbirth, n (% of pregnancies) 2 (0.9%) 62 (0.2%) 0.055

Preterm deliveries, n (% of pregnancies) 9 (4.2%) 1706 (4.8%) 0.713

Cesarean section, n (% of deliveries) 83 (39.9%) 12,182 (34.2%) 0.086

GDM, n (% of pregnancies) 44 (20.8%) 6188 (17.4%) 0.194

HDP, n (% of pregnancies) 21 (9.9%) 2583 (7.2%) 0.137

Premature rupture of membranes, n (% of pregnancies) 54(25.5%) 10,927 (30.7%) 0.102

Placenta previa, n (% of pregnancies) 3(1.4%) 349 (1.0%) 0.468

Placenta abruption, n (% of pregnancies) 5(2.4%) 522 (1.5%) 0.246

Abnormally invasive placentation, n (% of pregnancies) 4(1.9%) 1006 (2.8%) 0.412

Postpartum hemorrhage, n (% of pregnancies) 46(21.7%) 6918 (19.4%) 0.401

Boy, n (% of deliveries) 105 (49.5%) 18,309 (51.4%) 0.593

Birthweight, g 3365 (3051, 3680) 3370 (3090, 3650) 0.823

Macrosomia, n (% of deliveries) 15 (7.1%) 2542 (7.1%) 0.974

LBW, n (% of deliveries) 9 (4.2%) 1143 (3.2%) 0.393

Neonatal TSH, µIU/mL 1.93 (1.31, 2.91) 1.79 (1.24, 2.67) 0.145

Full-term neonatal TSH, µIU/mL 1.93 (1.31, 2.92) 1.79 (1.24, 2.67) 0.121

Preterm neonatal TSH, µIU/mL 1.53 (1.25, 2.64) 1.86 (1.34, 2.62) 0.726
Abbreviations: GWG, gestational weight gain; GDM, gestational diabetes mellitus; HDP, hypertensive disorders of pregnancy; LBW, low birth weight
a Adjusted for maternal age, pre-pregnancy BMI, and gestational week of delivery

Table 4 Multivariable logistic regression results for the 
associations between thyroid cancer and adverse pregnancy 
outcomes
Dependent variable ORs (95% CI) P value
Late miscarriage 3.480 (0.423, 28.614) 0.246 a

Stillbirth 2.230 (0.528, 9.413) 0.275 a

Preterm delivery 0.509 (0.207, 1.254) 0.142 a

GDM 1.187 (0.786, 1.792) 0.416 b

HDP 1.396 (0.828, 2.351) 0.210 b

Premature rupture of membranes 0.713 (0.501, 1.016) 0.061 a

Placenta previa 1.277 (0.307, 5.304) 0.736 a

Placenta abruption 1.778 (0.715, 4.422) 0.215 a

Abnormally invasive placentation 0.230 (0.032, 1.656) 0.230 a

Postpartum hemorrhage 0.932 (0.641, 1.356) 0.712 a

Macrosomia 1.262 (0.729, 2.183) 0.406 c

LBW 0.895 (0.415, 1.933) 0.778 c

Abbreviations: GDM, gestational diabetes mellitus; HDP, hypertensive disorders 
of pregnancy; LBW, low birth weight
a Adjusted for maternal TPOAb positive, maternal age, multiparity, pre-
pregnancy DM, GDM, and HDP.
b Adjusted for maternal TPOAb positive, maternal age, multiparity, pre-
pregnancy BMI.
c Adjusted for maternal TPOAb positive, maternal age, multiparity, pre-
pregnancy BMI, neonatal sex

Table 5 Multiple linear regression results for the association 
between GWG and related factors
Dependent variable Unstandardized 

coefficients
Standardized 
coefficients

P 
value

B Std. 
Error

Beta

History of thyroid 
cancer

1.336 0.348 0.044 < 0.001

Age at conception -0.064 0.016 -0.049 < 0.001

Pre-pregnancy BMI -0.334 0.019 -0.210 < 0.001

Multiparity -0.507 0.122 -0.051 < 0.001

History of PCOS 0.119 0.250 0.005 0.635

Pre-pregnancy DM 2.184 0.812 0.031 0.007

Gestational diabetes 2.231 0.160 0.163 < 0.001

HDP -0.753 0.196 -0.045 < 0.001

Delivery gestational age 0.176 0.055 0.037 0.001
Abbreviations: GWG, gestational weight gain; BMI, body mass index; PCOS, 
polycystic ovary syndrome; DM, diabetes mellitus; HDP, hypertensive disorders 
of pregnancy
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The differences in neonatal TSH levels
We found that there was no statistically significant dif-
ference in TSH of full-term newborns and preterm new-
borns between the thyroid cancer group and the control 
group (Table 3). We got the same results after propensity 
score matching (1:1) (Supplementary Table  2). Match-
ing variables include maternal age, pre-pregnancy BMI, 
gestational age of delivery, mode of delivery, birth month, 
neonatal gender, maternal history of pre-pregnancy 
DM, GDM, and HDP. Multiple linear regression analysis 
showed that neonatal TSH was associated with maternal 
TSH, maternal FT4, maternal age, pre-pregnancy BMI, 
mode of delivery, and birth month (Table 6). No correla-
tion was found between neonatal TSH and maternal his-
tory of thyroid cancer (Table 6).

Discussion
Pregnant women with a history of thyroidectomy with or 
without radioactive iodine treatment were treated with 
supplementary LT4 throughout pregnancy. In this study, 
thyroid function status was significantly different in 
women with thyroid cancer in early pregnancy. However, 
the disease might not have substantial adverse effects 
on pregnancy outcomes except for GWG. Women with 
thyroid cancer had an excessive GWG. Considering that 
maternal thyroid function is a determinant of newborn 
thyroid function [20], we compared neonatal TSH levels 
between pregnancies with thyroid cancer and their con-
trols. However, we found no significant difference in the 
level of neonatal TSH between the two groups. Further 
analysis observed an association between neonatal TSH 
and maternal FT4 and TSH levels in the first trimester of 
pregnancy, but no correlation was found between neona-
tal TSH and maternal history of thyroid cancer.

In this study, the proportion of late miscarriages of 
pregnant women with thyroid cancer was higher than 

that of their controls (0.9% vs. 0.0%; P = 0.001). A meta-
analysis also demonstrated an increased risk of miscar-
riage or abortion in women with thyroid cancer [29]. 
But the authors considered the result might be biased 
because of the small number of studies and considering 
the potentially significant publication bias. The percent-
age of TPOAb positive in pregnant women with thyroid 
cancer was significantly higher than that in the con-
trol group (25.0% vs. 12.9%; P < 0.001). After adjusting 
maternal TPOAb positive, the odds of late miscarriage 
with thyroid cancer were 3.480 (0.423, 28.614) and there 
was no statistical significance. There is evidence that the 
presence of maternal thyroid autoantibodies is strongly 
associated with miscarriage [30, 31], and animal study 
has found an increased proportion of fetal resorption in 
mice with induced thyroperoxidase antibodies [32]. Con-
sidering the limited number of available patients, fur-
ther studies are warranted to explore whether TPOAb 
is associated with increased late miscarriage in pregnant 
women with thyroid cancer.

The thyroid hormone has an important role in regulat-
ing metabolism, which influences key metabolic path-
ways that control energy balance. Our present study 
showed that pregnant women with thyroid cancer had 
an increased GWG. Liu et al. did not find differences in 
GWG between thyroid cancer survivors and the con-
trol group [11]. However, a propensity score-matched 
cohort study showed that thyroid cancer survivors had 
reduced weight gain during pregnancy [14]. Owing to 
the evidence regarding GWG in patients with thyroid 
cancer being few and conflicting, further studies are 
warranted to strengthen these conclusions. It has been 
reported that GWG may be related to the risk of preg-
nancy complications [33, 34]. Moreover, thyroid dysfunc-
tion has been suggested to play a role in the etiology of 
GDM [35–39]. There was no evidence of increased risk 

Table 6 Multiple linear regression results for the association between neonatal TSH and related factors
Dependent variable All deliveries Full-term deliveries

Unstandardized 
coefficients

Standardized 
coefficients

P value Unstandardized 
coefficients

Standardized 
coefficients

P 
value

B Std. 
Error

Beta B Std. 
Error

Beta

Maternal history of thyroid cancer -0.026 0.020 -0.015 0.184 -0.027 0.020 -0.015 0.185

Maternal TSH 0.048 0.007 0.084 < 0.001 0.047 0.008 0.082 < 0.001

Maternal FT4 0.220 0.057 0.051 < 0.001 0.223 0.059 0.051 < 0.001

Maternal TPOAb positive -0.003 0.009 -0.004 0.712 -0.001 0.009 -0.002 0.891

Maternal age -0.002 0.001 -0.033 0.004 -0.002 0.001 -0.033 0.005

Maternal pre-pregnancy BMI -0.002 0.001 -0.023 0.042 -0.002 0.001 -0.024 0.045

Fertilization mode -0.020 0.013 -0.017 0.135 -0.023 0.014 -0.019 0.105

Delivery mode 0.070 0.004 0.185 < 0.001 0.073 0.004 0.191 < 0.001

Month of birth 0.003 0.001 0.037 0.001 0.003 0.001 0.034 0.004

Neonatal gender -0.010 0.006 -0.019 0.089 -0.013 0.006 -0.024 0.036
Abbreviations: TSH, thyroid stimulating hormone; FT4, free thyroxine; TPOAb, thyroid peroxidase antibody; BMI, body mass index
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of GDM in patients with thyroid cancer confirmed by our 
present study and other studies [11, 14]. However, OGTT 
showed that fasting plasma glucose and 2-hour value in 
the thyroid cancer group were higher than those in the 
control group. No increased incidence of other major 
adverse pregnancy outcomes such as macrosomia, pre-
term delivery, and cesarean delivery was detected among 
women with thyroid cancer in our study. We analyzed the 
difference in total GWG rather than that of pre-OGTT 
weight gain, and the latter has a better correlation with 
the OGTT results. Whether there is a causal relationship 
between excessive GWG and the difference in OGTT 
needs to be further explored. Current evidence suggests 
that clinicians should pay attention to GWG in women 
with thyroid cancer.

Regarding other pregnancy outcomes assessed in 
our study, we found no statistically significant differ-
ence between the thyroid cancer group and the control 
group. The evidence regarding adverse pregnancy out-
comes in patients with thyroid cancer has been conflict-
ing. A retrospective cohort study reported by Liu et al. 
showed that pregnant women with a history of thyroid 
cancer had a higher risk of abnormally invasive placen-
tation [11]. Another retrospective cohort study revealed 
that pregnancies complicated by thyroid cancer have 
higher incidences of venous thromboembolism and need 
for transfusions, with comparable overall newborn out-
comes [40]. A study conducted by Cho and colleagues 
showed that women with a history of thyroid cancer had 
a slightly higher risk of preterm birth, high birth weight, 
preeclampsia, postpartum hemorrhage, and placenta 
previa [13]. The results of the meta-analysis showed that 
the event rates for preterm labor and congenital anoma-
lies in patients with DTC who underwent thyroidectomy 
were 0.07 (95% CIs, 0.05–0.09; 14 studies) and 0.03 (95% 
CIs, 0.02–0.06; 17 studies), respectively, which were simi-
lar to those previously reported in the general population 
[29]. These valuable data should reassure both patients 
and physicians that a history of thyroid cancer does 
not meaningfully impact the risk of adverse pregnancy 
outcomes.

Previous studies have shown that maternal thyroid 
function is positively associated with offspring thyroid 
function at birth [20, 21]. Our present showed that the 
thyroid function status was significantly different in 
women with thyroid cancer in early pregnancy, which 
was consistent with other studies [11, 41]. João Anselmo 
et al. conducted a retrospective study concerning fetal 
loss associated with excess thyroid hormone exposure 
[42]. Individuals with resistance to thyroid hormone 
(RTH) achieve euthyroidism by maintaining high serum 
levels of free thyroid hormone. They found that the lev-
els of TSH in unaffected infants born to RTH mothers 
were suppressed, which indicated that the high maternal 

thyroid hormone levels produce fetal thyrotoxicosis [42]. 
Another study showed that the amniotic fluid thyroxine 
level in patients with thyroid carcinoma who were placed 
on suppressive thyroxine treatment was lower than that 
in normal pregnancies and hypothyroid patients [43]. 
Fan et al. also found that levels of neonatal TSH in the 
thyroid cancer group were significantly lower than those 
in the control group [41]. However, we found no signifi-
cant difference in the levels of neonatal TSH between the 
thyroid cancer group and the control group. Considering 
the limited number of available evidence, further studies 
are warranted to investigate the effect of LT4 suppression 
therapy during pregnancy on neonatal thyroid function 
in women with thyroid cancer.

We have for the first time performed a detailed analy-
sis of glucolipid metabolism which deserves attention for 
pregnancies with thyroid cancer in the future. And our 
conclusion should reassure both patients and physicians 
that thyroid cancer does not meaningfully impact the risk 
of adverse pregnancy outcomes. Our study was limited 
by the retrospective and single-center study design. With 
regard to 212 women with thyroid cancer, more informa-
tion could not be available, including initial risk stratifi-
cation and response to therapy. Moreover, the laboratory 
data on thyroid function in the second and third trimes-
ters especially in pregnancies without thyroid cancer 
were not available. Data on cases of miscarriage before 
12 weeks of gestation were not included in the electronic 
database of our hospital. Therefore, we could not analyze 
whether pregnant women with thyroid cancer had an 
increased risk of early miscarriage. The lack of data on 
the Apgar score and the percentage of admissions to the 
neonatal unit was another limitation of our study.

Conclusions
In conclusion, thyroid cancer might not have substantial 
adverse effects on pregnancy outcomes except for exces-
sive GWG. Although there was no significant difference 
in the prevalence of GDM, pregnant women with thyroid 
cancer had higher fasting plasma glucose and a 2-hour 
value in OGTT. Thyroid function status was significantly 
different in women with thyroid cancer in early preg-
nancy, however, we found no significant effect on neo-
natal TSH. The effect on long-term thyroid function and 
neuropsychological function in offspring need further 
study.

Abbreviations
ATA  The American Thyroid Association
BMI  Body mass index
CIs  Confidence intervals
DM  Diabetes mellitus
DTC  Differentiated thyroid cancer
FT4  Free thyroxine
GDM  Gestational diabetes mellitus
GWG  Gestational weight gain



Page 8 of 9Yuan et al. BMC Pregnancy and Childbirth          (2023) 23:383 

HDL-C  High-density lipoprotein cholesterol
HDP  Hypertensive disorders in pregnancy
IVF-ET  In vitro fertilization-embryo transfer
LBW  Low birth weight
L-T4  Levothyroxine
NCC  The National Cancer Center
OGTT  Oral glucose tolerance test
OR  Odds ratio
PCOS  Polycystic ovarian syndrome
RAIT  Radioactive iodine therapy
RTH  Resistance to thyroid hormone
TCHO  Total cholesterol
TPOAb  Thyroid peroxidase antibodies
TSH  Thyroid stimulating hormone

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12884-023-05588-4.

Additional file 1

Acknowledgements
The authors gratefully acknowledge Chi Feng, Information Center, Beijing 
Obstetrics and Gynecology Hospital, Capital Medical University, Beijing 
Maternal, and Child Health Care Hospital, for data collection.

Authors’ Contribution
XXY designed the study. XXY and JQZ analyzed the data and wrote the 
manuscript. JW and WZ took part in data collection and management. YYK 
and GHL reviewed the manuscript and contributed to manuscript revision. 
All authors contributed to the article and approved the submitted version. All 
authors reviewed the manuscript.

Funding
This study was supported by grants from the Beijing Natural Science 
Foundation (No. 7214231), Scientific Research Common Program of Beijing 
Municipal Commission of Education (KM202110025007), and Beijing Hospitals 
Authority’ Ascent Plan (DFL20191402). The funders had no role in study 
design, data collection and analysis, decision to publish, or preparation of the 
manuscript.

Data Availability
The datasets analyzed during the current study are available from the 
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study has been performed in accordance with the Declaration of Helsinki 
and has been approved by the ethics committee of Beijing Obstetrics and 
Gynecology Hospital, Capital Medical University (2018-ky-009-01). Since the 
anonymous data were respectively extracted from the electronic record 
without any information that could identify particular individual, a waiver of 
informed consent was granted by the ethics committee of Beijing Obstetrics 
and Gynecology Hospital, Capital Medical University. All methods were carried 
out in accordance with relevant guidelines and regulations in the declaration.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Division of Endocrinology and Metabolism, Department of Obstetrics, 
Beijing Obstetrics and Gynecology Hospital, Capital Medical University, 
Beijing Maternal and Child Health Care Hospital, Beijing, China

2Department of Newborn Screening Center, Beijing Obstetrics and 
Gynecology Hospital, Capital Medical University, Beijing Maternal and 
Child Health Care Hospital, Beijing, China

Received: 28 November 2022 / Accepted: 9 April 2023

References
1. Araque DVP, Bleyer A, Brito JP. Thyroid cancer in adolescents and young 

adults. Future Oncol. 2017;13(14):1253–61.
2. Rongshou Zheng SZ, Hongmei Zeng S, Wang K, Sun Ru, Chen L, Li W, Wei, 

Jie He. Cancer incidence and mortality in China, 2016. J Natl Cancer Cent. 
2022;2(1):1–9.

3. Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel SJ, Nikiforov YE, 
Pacini F, Randolph GW, Sawka AM, Schlumberger M, et al. 2015 american 
thyroid Association Management Guidelines for adult patients with thyroid 
nodules and differentiated thyroid Cancer: the american thyroid Association 
Guidelines Task Force on thyroid nodules and differentiated thyroid Cancer. 
Thyroid. 2016;26(1):1–133.

4. Schlumberger M, Leboulleux S. Current practice in patients with differenti-
ated thyroid cancer. Nat Rev Endocrinol. 2021;17(3):176–88.

5. Alexander EK, Pearce EN, Brent GA, Brown RS, Chen H, Dosiou C, Grobman 
WA, Laurberg P, Lazarus JH, Mandel SJ, et al. 2017 guidelines of the american 
thyroid Association for the diagnosis and management of thyroid disease 
during pregnancy and the Postpartum. Thyroid. 2017;27(3):315–89.

6. Lee SY, Cabral HJ, Aschengrau A, Pearce EN. Associations Between Maternal 
Thyroid Function in Pregnancy and Obstetric and Perinatal Outcomes. J Clin 
Endocrinol Metab. 2020, 105(5).

7. Derakhshan A, Peeters RP, Taylor PN, Bliddal S, Carty DM, Meems M, Vaidya B, 
Chen L, Knight BA, Ghafoor F, et al. Association of maternal thyroid function 
with birthweight: a systematic review and individual-participant data meta-
analysis. Lancet Diabetes Endocrinol. 2020;8(6):501–10.

8. Zhang Y, Sun W, Zhu S, Huang Y, Huang Y, Gao Y, Zhang J, Yang H, Guo X. The 
Impact of Thyroid Function and TPOAb in the First Trimester on Pregnancy 
Outcomes: A Retrospective Study in Peking. J Clin Endocrinol Metab. 2020, 
105(3).

9. Toloza FJK, Derakhshan A, Mannisto T, Bliddal S, Popova PV, Carty DM, Chen L, 
Taylor P, Mosso L, Oken E, et al. Association between maternal thyroid func-
tion and risk of gestational hypertension and pre-eclampsia: a systematic 
review and individual-participant data meta-analysis. Lancet Diabetes 
Endocrinol. 2022;10(4):243–52.

10. Consortium on T, Pregnancy-Study Group on, Preterm B, Korevaar TIM, 
Derakhshan A, Taylor PN, Meima M, Chen L, Bliddal S, Carty DM, Meems M, et 
al. Association of thyroid function test abnormalities and thyroid autoim-
munity with Preterm Birth: a systematic review and Meta-analysis. JAMA. 
2019;322(7):632–41.

11. Liu D, Wei Y, Zhao Y, Li R, Yan J, Qiao J. Obstetric outcomes in thyroid 
cancer survivors: a retrospective cohort study. Int J Gynaecol Obstet. 
2021;155(1):119–24.

12. Kim HO, Lee K, Lee SM, Seo GH. Association between pregnancy outcomes 
and Radioactive Iodine Treatment after Thyroidectomy among women with 
thyroid Cancer. JAMA Intern Med. 2020;180(1):54–61.

13. Cho GJ, Kim SY, Lee HC, Lee KM, Han SW, Oh MJ, Woodruff TK. Risk of adverse 
obstetric outcomes and the abnormal growth of offspring in women with a 
history of thyroid Cancer. Thyroid. 2019;29(6):879–85.

14. Cao Q, Zhu H, Zhang J, Li Y, Huang W. Pregnancy outcomes in thyroid Cancer 
survivors: a propensity score-matched cohort study. Front Endocrinol (Laus-
anne). 2022;13:816132.

15. Wu JX, Young S, Ro K, Li N, Leung AM, Chiu HK, Harari A, Yeh MW. Reproduc-
tive outcomes and nononcologic complications after radioactive iodine 
ablation for well-differentiated thyroid cancer. Thyroid. 2015;25(1):133–8.

16. Burrow GN, Fisher DA, Larsen PR. Maternal and fetal thyroid function. N Engl J 
Med. 1994;331(16):1072–8.

17. Pakkila F, Mannisto T, Surcel HM, Ruokonen A, Bloigu A, Pouta A, Hartikainen 
AL, Vaarasmaki M, Jarvelin MR, Suvanto E. Maternal thyroid dysfunction 
during pregnancy and thyroid function of her child in adolescence. J Clin 
Endocrinol Metab. 2013;98(3):965–72.

http://dx.doi.org/10.1186/s12884-023-05588-4
http://dx.doi.org/10.1186/s12884-023-05588-4


Page 9 of 9Yuan et al. BMC Pregnancy and Childbirth          (2023) 23:383 

18. Peter F. Thyroid dysfunction in the offspring of mothers with autoimmune 
thyroid diseases. Acta Paediatr. 2005;94(8):1008–10.

19. Polak M, Le Gac I, Vuillard E, Guibourdenche J, Leger J, Toubert ME, Madec 
AM, Oury JF, Czernichow P, Luton D. Fetal and neonatal thyroid function in 
relation to maternal Graves’ disease. Best Pract Res Clin Endocrinol Metab. 
2004;18(2):289–302.

20. Korevaar TI, Chaker L, Jaddoe VW, Visser TJ, Medici M, Peeters RP. Maternal 
and birth characteristics are determinants of offspring thyroid function. J Clin 
Endocrinol Metab. 2016;101(1):206–13.

21. Medici M, de Rijke YB, Peeters RP, Visser W, de Keizer-Schrama M, Jaddoe SM, 
Hofman VV, Hooijkaas A, Steegers H, Tiemeier EA. Maternal early pregnancy 
and newborn thyroid hormone parameters: the Generation R study. J Clin 
Endocrinol Metab. 2012;97(2):646–52.

22. Kuppens SM, Kooistra L, Wijnen HA, Vader HL, Hasaart TH, Oei SG, Vulsma T, 
Pop VJ. Neonatal thyroid screening results are related to gestational maternal 
thyroid function. Clin Endocrinol. 2011;75(3):382–7.

23. Giakoumelou S, Wheelhouse N, Cuschieri K, Entrican G, Howie SE, Horne AW. 
The role of infection in miscarriage. Hum Reprod Update. 2016;22(1):116–33.

24. Garovic VD, Dechend R, Easterling T, Karumanchi SA, McMurtry Baird S, 
Magee LA, Rana S, Vermunt JV, August P, American Heart Association Council 
on H. Hypertension in pregnancy: diagnosis, blood pressure goals, and Phar-
macotherapy: A Scientific Statement from the American Heart Association. 
Hypertension. 2022;79(2):e21–e41.

25. American College of O. Gynecologists’ Committee on Practice B-O: practice 
Bulletin No. 172: premature rupture of membranes. Obstet Gynecol. 
2016;128(4):e165–177.

26. Jain V, Bos H, Bujold E. Guideline No. 402: diagnosis and management of 
Placenta Previa. J Obstet Gynaecol Can. 2020;42(7):906–917e901.

27. Schmidt P, Skelly CL, Raines DA. Placental Abruption. StatPearls.edn. Treasure 
Island (FL); 2022.

28. Collins SL, Stevenson GN, Al-Khan A, Illsley NP, Impey L, Pappas L, Zamudio 
S. Three-Dimensional Power Doppler Ultrasonography for Diagnosing 
abnormally invasive placenta and quantifying the risk. Obstet Gynecol. 
2015;126(3):645–53.

29. Moon S, Yi KH, Park YJ. Risk of Adverse Pregnancy Outcomes in Young Women 
with Thyroid Cancer: A Systematic Review and Meta-Analysis. Cancers 
(Basel)2022, 14(10).

30. Thangaratinam S, Tan A, Knox E, Kilby MD, Franklyn J, Coomarasamy A. Asso-
ciation between thyroid autoantibodies and miscarriage and preterm birth: 
meta-analysis of evidence. BMJ. 2011;342:d2616.

31. Dhillon-Smith RK, Coomarasamy A. TPO antibody positivity and adverse preg-
nancy outcomes. Best Pract Res Clin Endocrinol Metab. 2020;34(4):101433.

32. Lee YL, Ng HP, Lau KS, Liu WM, O WS, Yeung WS, Kung AW. Increased fetal 
abortion rate in autoimmune thyroid disease is related to circulating TPO 

autoantibodies in an autoimmune thyroiditis animal model. Fertil Steril. 
2009;91(5 Suppl):2104–9.

33. Goldstein RF, Abell SK, Ranasinha S, Misso M, Boyle JA, Black MH, Li N, Hu 
G, Corrado F, Rode L, et al. Association of Gestational Weight Gain with 
maternal and infant outcomes: a systematic review and Meta-analysis. JAMA. 
2017;317(21):2207–25.

34. LifeCycle Project-Maternal O, Childhood Outcomes Study G, Voerman E, 
Santos S, Inskip H, Amiano P, Barros H, Charles MA, Chatzi L, Chrousos GP, et 
al. Association of Gestational Weight Gain with adverse maternal and infant 
outcomes. JAMA. 2019;321(17):1702–15.

35. Li X, Zuo J, Li YH, Tang YP, Bao YR, Ying H. Association between thyroid 
function and risk of gestational diabetes mellitus in assisted pregnancies: a 
retrospective cohort study. Diabetes Res Clin Pract. 2021;171:108590.

36. Wang J, Gong XH, Peng T, Wu JN. Association of thyroid function during 
pregnancy with the risk of pre-eclampsia and gestational diabetes Mellitus. 
Endocr Pract. 2021;27(8):819–25.

37. Tang L, Li P, Zhou H, Li L. A longitudinal study of thyroid markers during preg-
nancy and the risk of gestational diabetes mellitus and post-partum glucose 
metabolism. Diabetes Metab Res Rev. 2021;37(4):e3441.

38. Tudela CM, Casey BM, McIntire DD, Cunningham FG. Relationship of subclini-
cal thyroid disease to the incidence of gestational diabetes. Obstet Gynecol. 
2012;119(5):983–8.

39. Rawal S, Tsai MY, Hinkle SN, Zhu Y, Bao W, Lin Y, Panuganti P, Albert PS, Ma 
RCW, Zhang C. A longitudinal study of thyroid markers across pregnancy and 
the risk of gestational diabetes. J Clin Endocrinol Metab. 2018;103(7):2447–56.

40. Spiegel E, Spence AR, Czuzoj-Shulman N, Abenhaim HA. Pregnancy out-
comes after thyroid cancer. J Perinat Med. 2019;47(7):710–6.

41. Ding Z, Guo F, Zhou Y, Huang X, Liu Z, Fan J. Thyroxine supplementation in 
pregnant women after thyroidectomy for thyroid Cancer and neonatal Birth 
Weight. Front Endocrinol (Lausanne). 2021;12:728199.

42. Anselmo J, Cao D, Karrison T, Weiss RE, Refetoff S. Fetal loss associated with 
excess thyroid hormone exposure. JAMA. 2004;292(6):691–5.

43. Pekonen F, Teramo K, Ikonen E, Osterlund K, Makinen T, Lamberg BA. Women 
on thyroid hormone therapy: pregnancy course, fetal outcome, and amniotic 
fluid thyroid hormone level. Obstet Gynecol. 1984;63(5):635–8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	Pregnancy outcomes and neonatal thyroid function in women with thyroid cancer: a retrospective study
	Abstract
	Background
	Methods
	Study design
	Data collection
	Outcome measures
	Statistical analyses

	Results
	Population characteristics
	Maternal outcomes
	The differences in GWG and glucolipid levels
	Neonatal outcomes
	The differences in neonatal TSH levels

	Discussion
	Conclusions
	References


