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Background: Some female thyroid cancer survivors wish to become pregnant following
their cancer treatment. Current studies have shown inconsistent results on pregnancy
outcomes in these survivors; however, detailed information on the pathological type,
treatment, and gestational thyroid function of these patients are not yet well documented,
making the refined assessment of the influence of a history of thyroid cancer and related
treatments on pregnancy outcomes challenging.

Objective: To investigate the risk of adverse pregnancy outcomes in thyroid cancer survivors.

Methods: This was a retrospective cohort study. We included all women aged between
19 and 45 years old who delivered between January 2019 and June 2020 in West China
Second University Hospital of Sichuan University. Women with tumors other than thyroid
cancer or other thyroid diseases were excluded. The included women were divided into
survivors of thyroid cancer (survivors) and women without any history of thyroid disease
(controls). Propensity score matching and logistic regression were used to control
confounding variables.

Results: All 18,332 women who met the inclusion criteria were included in the study (96
survivors of papillary thyroid cancer and 18,236 controls). After propensity score
matching, 96 survivors and 192 controls were included. The survivors had higher levels
of free thyroxine (15.47 [13.61–17.67] vs. 14.38 [13.20–15.81] pmol/mL; P<0.001) and
higher levels of thyroid peroxidase antibodies (TPOAb) (43.55 [31.43–71.43] vs. 35.95
[28.00–48.03] U/mL; P=0.008) but similar levels of thyroid stimulating hormone (1.46
[0.56–3.15] vs. 1.36 [0.81–1.92] mIU/mL; P=0.142) than the controls. There were no
significant differences in adverse pregnancy outcomes between survivors and controls.
Fetal macrosomia was lower among survivors (OR: 0.077, 95% CI: 0.009–0.668.
P=0.020) than controls. Additionally, survivors had reduced weight gain during
pregnancy (13.0 [10.0–15.0] vs. 14.00 [11.00–16.00] kg, P=0.005) and reduced
placental weight (563.0 [514.5–620.0] vs. 572.0 [520.0–650.0] g, P=0.019), albeit with
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small absolute differences. Thyroidectomy or radioiodine therapy did not adversely affect
pregnancy outcomes.

Conclusion: A history of treated papillary thyroid cancer was not associated with adverse
pregnancy outcomes.
Keywords: thyroid cancer, thyroidectomy, radioiodine therapy, gestational thyroid function, pregnancy outcomes
INTRODUCTION

Thyroid cancer has become the most common malignant
endocrine cancer among women of childbearing age, and
patients usually have a favorable prognosis (1–5). Some female
survivors wish to become pregnant following their thyroid
cancer treatment. However, existing thyroid cancer-related
treatments may have adverse effects on pregnancy outcomes.

According to the current guidelines, thyroidectomy with or
without radioiodine therapy (RAIT) and postoperative thyroid-
stimulating hormone (TSH) suppressive therapy with
levothyroxine (LT4) are the standard treatments for thyroid
cancer (5–7). During pregnancy, thyroxine is vital in
maintaining maternal health and fetal development (7, 8).
However, both hypothyroidism caused by thyroidectomy and
hyperthyroidism after TSH suppressive therapy may lead to
adverse pregnancy outcomes, including pre-eclampsia,
gestational diabetes mellitus, preterm delivery, and miscarriage
(9–11). In addition, studies have shown that RAIT might lead to
gonadal dysfunction and follicular atresia (12). Impaired gonadal
function may contribute to adverse pregnancy outcomes,
especially miscarriage.

Two national database studies have shown different results. A
Korean research study by Cho et al. found a higher risk of
postpartum hemorrhage (PPH) among survivors (13). A US-
based study by Spiegel et al. showed a higher incidence of
thromboembolism and blood transfusion among survivors (14).
The other three smaller-sized studies (15–17) generally showed no
adverse fetal outcomes. However, PPH was mentioned in Clark
et al.’s study (17). Detailed information on the pathological type,
treatment, and gestational thyroid function of thyroid cancer
survivors are still not well understood, making the refined
assessment of the impact of a history of thyroid cancer and
related treatments on pregnancy outcomes challenging.

Therefore, we conducted this retrospective cohort study
among women with treated thyroid cancer to evaluate the
gestational thyroid function of the survivors and determine the
potential adverse maternal or fetal outcomes of thyroid cancer-
related treatments.
MATERIALS AND METHODS

Study Design
This study was approved by the Ethics Committee of West China
Second University Hospital of Sichuan University (No. 2021098)
and performed in accordance with the tenets of the Declaration
n.org 2
of Helsinki. Informed consent was not required as we analyzed
data anonymously without divulging any personal information.

Excluding those with a history of other tumors or other
thyroid diseases, we included all women aged between 19 and
45 years who delivered between January 2019 and June 2020 in
West China Second University Hospital of Sichuan University.
The group was divided into survivors and controls based on the
presence or absence of a history of thyroid cancer, respectively.

Baseline information, pregnancy outcomes, and neonatal data
were obtained from the electronic medical records (EMR) of
West China Second University Hospital of Sichuan University.
Thyroid cancer-related data including pathological type,
treatment modality, and duration were collected with patients’
consent from the EMR of the hospital where the patients were
diagnosed and/or treated. Patients’ blood samples were routinely
collected between 0800 and 1130 hours. Thyroid function tests
including TSH, free thyroxine (fT4), and thyroid peroxidase
antibodies (TPO-Ab) were performed between gestational weeks
10 and 14. TSH, fT4, and TPO-Ab were measured in the
laboratory of West China Second University Hospital of
Sichuan University by chemiluminescence (Siemens ADVIA
Centaur CP, Siemens Medical Solutions Diagnostics,
Tarrytown, NY, USA). The reference range was 0.1–2.5 mIU/L
for TSH (intra-assay coefficient of variation [CV]=2.1%, inter-
assay CV=1.9%), 11.5–22.7 pmol/L for fT4 (intra-assay
CV=2.22%, inter-assay CV=3.48%), and <60 U/mL for TPO-
Ab (intra-assay CV=7.8%, inter-assay CV=7.3%).

Outcome Measures
Maternal outcomes in this study included PPH (≥1000 mL for
cesarean delivery or ≥500 mL for vaginal delivery); preterm
delivery (between gestational weeks 28 and 36 + 6); pre-
eclampsia (hypertension after week 20 with concomitant
proteinuria); gestational diabetes mellitus (GDM, diagnosed
according to a the 75-g oral glucose tolerance test between
week 24 and 28, with plasma glucose thresholds for fasting, 1,
and 2 h being 5.1, 10.0, and 8.5 mmol/L, respectively); late
miscarriage (between gestational weeks 14 and week 27 + 6);
cesarean section; anemia (hemoglobin<100 g/L); weight gain
during pregnancy; and the blood pressure in the third
trimester of pregnancy.

The neonatal outcomes of this study included macrosomia
(newborn birthweight >4000 g); small for gestational age (SGA),
i.e., birth weight below the 10th percentile for sex-specific
gestational age; fetal death (after week 20); malformation;
placental weight; birth weight; birth length; offspring sex; and
Apgar score.
February 2022 | Volume 13 | Article 816132
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Statistical Analysis
Continuous data were presented as the mean (standard
deviation) for normally distributed data and as median (first
quartile, third quartile) for non-normally distributed data.
Categorical data were presented as percentages. Descriptive
statistics were analyzed between groups by the independent
samples t-test and the Mann–Whitney U test (if data were not
normally distributed). Pearson’s chi-square test was applied for
categorical data with the Fisher’s exact test for expected
frequencies <5.

We used propensity score matching (PSM) to eliminate
possible confounding factors and selection bias with SPSS 22.0
(IBM Corp., Armonk, NY, USA) embedded with the PSM plug-
in (IBM Corporation, Armonk, NY, USA). A 1:2 matching was
performed on the propensity score (PS) with a maximum caliber
of 0.05. The PS was calculated using multivariable logistic
regression models. Matching variables are presented in
Table 1. We adjusted the P-values and odds ratios for the
matching variables and other possible confounders by
unconditional logistic regression models. Pre-pregnancy
hypertension and diabetes mellitus were not involved as
neither was present in both groups after PSM.

The selection of confounders is presented in directed acyclic
graphs (Supplementary Figures S1A–C). Intermediate factors
(fT4, TSH, TPO-Ab) were not adjusted to estimate the total
effect of thyroid cancer (Model 1). FT4 and TPO-Ab were then
included based on Model 1 to explore their effects (Table 4). All
data were analyzed with SPSS 22.0. A two-tailed P-value <0.050
was considered to indicate statistically significant differences.

Subgroup analysis of treatment modality was performed
between survivors and the corresponding PS-matched controls
using regression analysis. Chi-square analysis and ANOVA
Frontiers in Endocrinology | www.frontiersin.org 3
analysis were performed to compare the pregnancy outcomes
among the survivors with different treatment modalities.

In order to explore the impact of the time interval between
conception and thyroidectomy, the survivors were trisected as
Group T1, Group T2, Group T3. Logistic regression was used to
calculate the P-trend across groups.

The study of time interval between conception and RAIT was
not allowed due to the small sample size (n=33).
RESULTS

Participants
Between January 2019 and June 2020, 21,410 women gave birth
inWest China Second University Hospital of Sichuan University.
Ninety-nine women had a history of thyroid cancer, but three of
them were excluded for being diagnosed while pregnant. All
18,332 women who met the inclusion criteria were included in
the study (96 in the thyroid cancer survivor group and 18,236 in
the controls according to the subgroup criteria) (Figure 1).

A 1:2 PSM was performed to obtain matched controls
(n=192). The baseline characteristics between groups were
comparable after PSM (Tables 1, 2).

All 96 survivors were pathologically diagnosed with papillary
thyroid cancer. Of these 96 women, 25% (24/96) received
hemithyroidectomy, 41% (39/96) received total-thyroidectomy,
and 33% (33/96) received total-thyroidectomy combined RAIT
(Table S1).

There were statistical intergroup differences in fT4 and TPO-
Ab. The survivors had higher levels of fT4 (15.47 [13.61–17.67]
vs. 14.38 [13.20–15.81] pmol/mL; P<0.001) and TPO-Ab (43.55
[31.43–71.43] vs. 35.95 (28.00–48.03) U/mL, P=0.008] (Table 2).
TABLE 1 | Characteristics of the factors in propensity score matching.

Survivor Control

Before PSM After PSM

(n = 96) Control (n = 18236) P Control (n = 192) P

Age (years) 32 (30-34) 31 (29-34) 0.032* 32 (29-34) 0.729
Ethnicities
Han Chinese 96 (100%) 17625 (96%) 0.080 192 (100%) >0.999
Other ethnicities 0 (0%) 611 (3%) 0.080 0 (0%) >0.999

IVF 8 (8%) 1816 (9%) 0.596 12 (6%) 0.512
Gravida
1 29 (30%) 7197 (39%) 0.064 59 (30%) 0.928
2 29 (30%) 5213 (28%) 0.726 66 (34%) 0.478
≧3 38 (39%) 5826 (31%) 0.110 67 (34%) 0.436

Parity
0 59 (61%) 11609 (63%) 0.655 116 (60%) 0.864
1 32 (33%) 6178 (33%) 0.910 72 (37%) 0.488
≧2 5 (5%) 449 (2%) 0.084 4 (2%) 0.166

Pre-pregnancy condition
Hypertension 0 (0%) 164 (0.85%) >0.999 0 (0%) >0.999
Diabetes mellitus 0 (0%) 190 (0.98%) 0.629 0 (0%) >0.999
Feb
ruary 2022 | Volume 13 | Article
Data are presented as number (the percentage).
PSM, propensity score matching; IVF, in vitro fertilization.
*represents a statistical difference.
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The incidence of abnormal TPO-Ab (≧60 U/mL) was also higher
in the survivors (P<0.001) at 29% (28/96) vs. 13% (24/192).
However, in both groups, the mean values of TPO-Ab were still
within the reference range. No significant difference was found in
TSH (1.46 [0.56–3.15] vs. 1.36 [0.81–1.92] mIU/mL, P=0.142].

Maternal Outcomes
After PSM and the adjustment of potential confounders, no
differences were found in the incidence of PPH (OR=0.429, 95%
CI=0.090–2.039, P=0.287); preterm delivery (OR=0.439,
95%CI=0.155–1.243, P=0.121); pre-eclampsia (OR=2.779, 95%
CI=0 .708–10 .91 , P=0 .143) ; and GDM (OR=1.126 ,
95%CI=0.609–2.084, P=0.705) (Table 3). The weight gain
during pregnancy of thyroid cancer survivors was 1.0 kg lesser
than that of the controls (13.00 [10.00–15.00] vs. 14.00 [11.00–
16.00] g, P=0.005).

Neonatal Outcomes
For neonatal outcomes, placental weight was 9 g lighter in
survivors than in controls (563.0 [514.5–620.0] vs. 572.0
[520.0–650.0] g, P=0.019] (Table 3). We also found a lower
Frontiers in Endocrinology | www.frontiersin.org 4
risk of macrosomia among survivors (OR=0.077, 95%CI=0.009–
0.668, P=0.020) (Table 3). After further adjustment of fT4 and
TPO-Ab (Model 2, Model 3, and Model 4), the differences were
still significant (Table 4).

Subgroup Analysis and Comparison of
Different Treatment Modalities
No statistical differences in pregnancy outcomes were found in
subgroup analysis between survivors receiving specific treatment
modality and the corresponding PS-matched controls (Table 5).
The comparison of the three treatment modalities found no
differences in pregnancy outcomes as well (Table 5).

Impact of the Time Interval between
Conception and Thyroidectomy
The survivors were trisected according to the time interval
between conception and thyroidectomy: Group T1 (n =32,
14.15 [9.63-18.36] months), Group T2 (n =32, 33.50 [25.59-
37.98] months), Group T3 (n =32, 66.83 [54.37-80.59] months).
Compared with Group T1, no differences in pregnancy outcomes
FIGURE 1 | The participants enrollment. PSM, propensity score matching.
February 2022 | Volume 13 | Article 816132
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were found in Group T2 and T3. There were no statistically
significant change trends in the trend test (Table 6).
DISCUSSION

In this PS-matched cohort study, only reduced weight gain,
decreased placental weight, and a lower risk of macrosomia
were found in the survivors. Overall, no significant increased
adverse pregnancy outcomes were detected in women with
treated papillary thyroid cancer.

A higher incidence of pre-pregnancy hypertension and
diabetes mellitus had previously been found in thyroid cancer
survivors by two national database studies (13, 14). Nonetheless,
the mean age of the survivors was much higher than that of the
controls in those two studies. In our study, the survivors were
also older than the controls before PSM (P=0.032). However, the
baseline characteristics including the incidence of pre-pregnancy
hypertension and pre-pregnancy diabetes mellitus were
consistent between the two groups after PSM.

No significant difference was found in TSH, and the TSH of
most survivors was not low. Therefore, the effects of TSH
suppressive therapy on pregnancy outcomes could not be
assessed in the present study. TPO-Ab levels and the incidence
Frontiers in Endocrinology | www.frontiersin.org 5
of abnormal TPO-Ab (≧60 U/mL) were higher in survivors (the
mean values of TPO-Ab were still within the reference range).
One possible explanation is that the release of thyroid antigens
may occur during thyroidectomy and induce thyroid
autoantibodies.21 Higher levels of fT4 were found in the
survivors. Although there was a statistical significance
(P<0.001), the difference was small (1 pmol/mL). In addition,
we should interpret the results with caution, because the effect of
diurnal variation (since patients’ blood samples were generally
drawn between 0800 and 1130 hours) and CV (<4% for both
intra- and inter-assay CV) could not be determined.

According to the results, there were no significant differences
between women with a history of thyroid cancer and controls in
adverse pregnancy outcomes, including pre-eclampsia, GDM,
preterm delivery, and late miscarriage. These findings are
consistent with two national database-based studies (13, 14)
and three smaller-sized studies (15–17). The Korean study by
Cho et al. (13) found a higher risk of PPH in the survivors, but no
such difference was noted in our study. Different diagnostic
standards, regions, and healthcare quality may have
contributed to unmeasured confounding factors in the
database-based studies, especially when based on ICD-10
diagnosis codes, which is mainly used for insurance and
reimbursement purposes. In addition, postpartum blood loss is
usually subjectively estimated and inaccurate. Consistent with
TABLE 2 | The baseline and thyroid function information of included women.

Survivor (n = 96) Control (1:2 PSM, n = 192) P

Age (years) 32 (30-34) 32 (29-34) 0.729
Ethnicities
Han Chinese 96 (100%) 192 (100%) >0.999
Other ethnicities 0 0 >0.999

Gravida
1 29 (30%) 59 (31%) 0.928
2 29 (30%) 66 (34%) 0.478
≧3 38 (40%) 67 (35%) 0.436

Parity
0 59 (61%) 116 (60%) 0.864
1 32 (33%) 72 (38%) 0.488
≧2 5 (5%) 4 (2%) 0.166

IVF 8 (8%) 12 (6%) 0.512
Menstrual history
Age of menarche 13 (12-14) 13 (12-13) 0.942
Menstrual duration 6 (5-6.9) 5.5 (4.5-6.5) 0.095
Interval between periods 72 (67-79) 73 (67-79) 0.512

Pre-pregnancy condition
Hypertension 0 (0%) 0 (0%) >0.999
Diabetes mellitus 0 (0%) 0 (0%) >0.999
Weight (kg) 53.00 (50.00-56.50) 54.00 (50.00-60.00) 0.440
Height (cm) 161 (158-165) 160 (157-164) 0.774
BMI (kg/m2) 20.70 (19.03-22.61) 20.56 (19.50-22.58) 0.624

Gestational length at delivery (days) 274.5 (269-278) 273 (266-278) 0.313
Thyroid function in early pregnancy
fT4 (pmol/ml) 15.47 (13.61-17.67) 14.38 (13.20-15.81) <0.001*
TSH (mIU/ml) 1.46 (0.56-3.15) 1.36 (0.81-1.92) 0.142
TPO-Ab (U/ml) 43.55 (31.43-71.43) 35.95 (28.00-48.03) 0.008*
TPO-Ab≧60 U/ml 28 (29%) 24 (13%) 0.001*
February 2022 | Volume 13 | Article
Data are presented as median (first quartile, third quartile) or number (the percentage).
PSM, propensity score matching; IVF, in vitro fertilization; DM, Diabetes mellitus; BMI, body mass index; fT4, free thyroxine; TSH, thyroid-stimulating hormone; TPO-Ab, thyroid peroxidase antibodies.
*represents a statistical difference.
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our results, a recent study more accurately evaluated PPH with
original records of blood loss amount and found no difference
between thyroid cancer survivors and controls (16). It has been
reported that RAIT is associated with the decrease of hemoglobin
that is thought to be one of the risk factors for PPH. However,
our result showed no difference in anemia risk between the two
groups. Given that the interval between RAIT and conception is
Frontiers in Endocrinology | www.frontiersin.org 6
rather long in our study (34.70 [19.15–59.93] months), it might
already have little effect on hemoglobin and PPH.

Interestingly, reduced weight gain, decreased placental
weight, and a lower risk of macrosomia were found in the
survivors. Initially, we thought that the changes in metabolic
status caused by thyroid cancer treatment and TSH suppressive
therapy altered the body’s metabolic status and reduced
TABLE 3 | Summary of the outcomes comparing thyroid cancer survivors and control.

Model 1#

Survivor
(n = 96)

Control
(1:2 PSM, n = 192)

Crude OR or MD
(95% CI)

Crude P OR adjusted (95% CI) Padjusted

Maternal outcomes
Postpartum hemorrhage (≧1000 mL)a 2 (2%) 9 (5%) 0.433 (0.092-2.043) 0.347 0.429 (0.090-2.039) 0.287
Preterm deliverya 5 (5%) 22 (11%) 0.425 (0.156-1.159) 0.086 0.439 (0.155-1.243) 0.121
Pre-eclampsiaa 5 (5%) 4 (2%) 2.582 (0.677-9.847) 0.281 2.779 (0.708-10.91) 0.143
Gestational diabetes mellitusa 21 (22%) 39 (20%) 1.098 (0.604-1.998) 0.758 1.126 (0.609-2.084) 0.705
Late miscarriagea 1 (1%) 1 (1%) 2.011 (0.124-32.496) >0.999 0.979
Caesarean sectiona 66 (69%) 115 (60%) 1.473 (0.876-2.476) 0.143 1.404 (0.805-2.449) 0.232
Anemiab 10 (10%) 27 (14%) 0.711 (0.329-1.536) 0.383 0.668 (0.292-1.529) 0.340
Weight gain (kg)b 13.00 (10.00-15.00) 14.00 (11.00-16.00) -1.00 (-2.00-0.00) 0.049* 0.005*
Blood pressure in third trimester of pregnancyb

Systolic blood pressure (mmHg) 118 (109-125) 119 (111-126) 2 (-1-4) 0.228 0.207
Diastolic blood pressure (mmHg) 72 (67.3-79) 73 (67-78.8) 0 (-2-2) 0.963 0.957

Neonatal outcomes
Macrosomiab 1 (1%) 16 (8%) 0.116 (0.015-0.887) 0.013* 0.077 (0.009-0.668) 0.020*
Small for gestational ageb 2 (2%) 2 (1%) 2.021 (0.28-14.574) 0.603 2.676 (0.285-25.131) 0.389
Fetal deatha 2 (2%) 2 (1%) 2.021 (0.28-14.574) 0.603 2.193 (0.298-16.119) 0.391
Malformationc 1 (1%) 1 (1%) 2.011 (0.124-32.496) >0.999 3.137 (0.154-63.902) 0.457
Placental weight (g)b 563.0 (514.5-620.0) 572.0 (520.0-650.0) 10.0 (-12.0-32.0) 0.401 0.019*
Birthweight (g)b 3230.0 (2970.0-3515.0) 3240.0 (2900.0-3570.0) 20.0 (-100.0-150.0) 0.687 0.063
Birth length (cm)b 50.0 (48.0-51.0) 50.0 (48.0-51.0) 0.0 (-1.0-0.0) 0.794 0.843
Offspring sex
Female 43 (45%) 104 (54%) 0.687 (0.42-1.123) 0.134
Male 53 (55%) 88 (46%) 1.457 (0.89-2.383) 0.134

Apgar scoreb

1 min≦7 1 (1%) 2 (1%) 1.000 (0.090-11.168) >0.999 0.998
5 min≦7 0 (0%) 0 (0%)
10 min≦7 0 (0%) 0 (0%)
F
ebruary 202
2 | Volume 13 | Articl
Data were presented as median (first quartile, third quartile) or number (the percentage).
PSM, propensity score matching; OR, odds ratio; MD, mean difference; CI, confidence interval.
#Model 1, odds ratio and P value were adjusted for the matching variables and other possible confounders (The selection of confounders is illustrated in directed acyclic graphs in
Supplementary Figure S1. Pre-pregnancy hypertension and diabetes mellitus were not involved because they were not present in either group after propensity score matching.): a

adjusted for age, in vitro fertilization, gravida, parity, pre-pregnancy body mass index; b adjusted for age, in vitro fertilisation, gravida, parity, pre-pregnancy weight, height, body mass index,
gestational length; c adjusted for age, in vitro fertilization, pre-pregnancy body mass index.
*represents a statistical difference.
TABLE 4 | Further adjusted P-value for thyroid function.

P adjusted

Model 1a Model 2b Model 3c Model 4d

Weight gain (kg) 0.005* 0.009* 0.041* 0.046*
Placental weight (g) 0.019* 0.025* 0.013* 0.033*
Macrosomia 0.020* 0.046* 0.032* 0.047*
aModel 1: P-value was adjusted for the matching variables and other possible confounders (The selection of confounder is illustrated in directed acyclic graphs in Supplementary Figure
S1.): age, in vitro fertilization, gravida, parity, pre-pregnancy weight, height, body mass index, gestational length.
bModel 2: FT4 was included in the covariates on the basis of Model 1.
cModel 3: TPO-Ab was included in the covariates on the basis of Model 1.
dModel 4: FT4 and TPO-Ab were included in the covariates on the basis of Model 1.
*represents a statistical difference.
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TABLE 5 | Subgroup analysis and comparison of different treatments modality among thyroid cancer survivors.

Subgroup analysis b (95%CI) P-value/OR (95%CI) P-value Pc

Hemi‐thyroidectomy without RAIT Total-thyroidectomy without RAIT Total-thyroidectomy combined RAIT
(24: 48 PSM-controls) (39: 78 PSM-controls) (33: 66 PSM-controls)

Maternal outcomes
Postpartum hemorrhage (≧1000 mL)b – – 2.06 (0.28, 15.35) 0.479 0.113
Preterm deliveryb – 0.51 (0.13, 1.94) 0.321 0.79 (0.14, 4.29) 0.782 0.219
Pre-eclampsiab – 2.05 (0.28, 15.16) 0.480 6.50 (0.65, 65.10) 0.111 0.183
Gestational diabetes mellitusb 1.54 (0.43, 5.49) 0.504 1.15 (0.47, 2.80) 0.759 0.83 (0.28, 2.39) 0.724 0.740
A1b 2.89 (0.70, 11.98) 0.143 1.65 (0.63, 4.34) 0.310 0.69 (0.20, 2.36) 0.554 0.454
A2b – 0.32 (0.04, 2.72) 0.294 1.35 (0.22, 8.53) 0.746 0.315

Late miscarriageb 2.04 (0.12, 34.16) 0.619 – – 0.246
Caesarean sectionb 2.14 (0.72, 6.36) 0.170 1.24 (0.56, 2.75) 0.593 1.40 (0.57, 3.43) 0.458 0.656
Anemiab 1.00 (0.23, 4.40) >0.999 0.27 (0.06, 1.26) 0.096 1.29 (0.39, 4.32) 0.675 0.329
Weight gain (kg)a -1.33 (-2.98, 0.32) 0.119 -0.61 (-2.14, 0.91) 0.431 -1.87 (-3.83, 0.10) 0.066 0.718
Blood pressure in third trimester of pregnancy (mmHg)
Systolic blood pressurea -5 (-9.90, 0.44) 0.078 0.4 (-3.91, 4.78) 0.844 -1 (-5.89, 3.01) 0.527 0.241
Diastolic blood pressurea -2 (-5.87, 1.49) 0.248 2 (-1.74, 5.33) 0.322 0.1 (-3.66, 3.87) 0.956 0.192

Neonatal outcomes
Macrosomiab – – 0.26 (0.03, 2.24) 0.222 0.340
Small for gestational ageb – 2.05 (0.28, 15.16) 0.480 – 0.160
Fetal deathb 2.04 (0.12, 34.16) 0.619 – – 0.338
Malformationb – – – 0.246
Placental weight (g)a -11.8 (-73.39, 49.72) 0.708 -18.0 (-65.98, 29.92) 0.463 -22.7 (-67.69, 22.33) 0.326 0.417
Birthweight (g)a 185.7 (-214.01, 585.47) 0.366 56.5 (-166.01, 279.02) 0.620 -218.9 (-435.83, -2.05) 0.051 0.483
Birth length (cm)a 1.9 (-1.46, 5.17) 0.276 1.6 (-0.60, 3.71) 0.161 -1.1 (-2.25, 0.01) 0.055 0.606
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Subgroup analysis of treatment modality was performed between survivors and the corresponding PS-matched controls using regression analysis. The statistical results of continuous
variables a were expressed as “b (95%CI) p-value” and the statistical results of categorical variables b were expressed as “OR (95%CI) p-value”.
Chi-square analysis and ANOVA analysis were performed to compare the pregnancy outcomes among the survivors with different treatment modalities (24: 39: 33). The statistical results
were expressed as P c.
OR, odds ratio; CI, confidence interval; PSM, propensity score matching.
TABLE 6 | Impact of the time interval between conception and thyroidectomy.

P

Group T1 (n=32) Group T2 (n=32) Group T3 (n=32) P for trend

Conception time since thyroidectomy (month)a 14.15 (9.63-18.36) 33.50 (25.59-37.98) 66.83 (54.37-80.59)

Maternal outcomes
Postpartum hemorrhage (≧1000 mL) 1 (Referent) 0.996 >0.999 0.879
Preterm delivery 1 (Referent) 0.562 >0.999 0.922
Pre-eclampsia 1 (Referent) 0.996 0.644 0.430
Gestational diabetes mellitus 1 (Referent) 0.066 0.066 0.107
A1 1 (Referent) 0.180 0.110 0.139
A2 1 (Referent) 0.996 0.996 0.606

Late miscarriage 1 (Referent) 0.998 >0.999 0.831
Caesarean section 1 (Referent) 0.777 0.295 0.229
Anemia 1 (Referent) 0.400 0.400 0.464
Weight gain (kg) 0 (Referent) 0.425 0.884 0.993
Blood pressure in third trimester of pregnancy (mmHg)
Systolic blood pressure 0 (Referent) 0.501 0.153 0.153
Diastolic blood pressure 0 (Referent) 0.454 0.404 0.441

Neonatal outcomes
Macrosomia 1 (Referent) 0.998 >0.999 0.831
Small for gestational age 1 (Referent) 0.996 >0.999 0.879
Fetal death 1 (Referent) 0.996 >0.999 0.879
Malformation 1 (Referent) 0.998 0.998 0.998
Placental weight (g) 0 (Referent) 0.175 0.104 0.128
Birthweight (g) 0 (Referent) 0.046 0.599 0.833
Birth length (cm) 0 (Referent) 0.310 0.899 0.753
Data were presented as a median (first quartile, third quartile).
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maternal, infant, and placental weight gain. However, TPO-Ab
may also have played a role, as recent studies have shown that
placental and fetal birth weights were lower in TPO-Ab-positive
subjects (18–20). Therefore, we adjusted for fT4 and TPO-Ab
separately. However, the differences were still significant after
adjustment. This suggests the role of factors other than thyroid
function. Other studies have confirmed that thyroid cancer
survivors experienced greater psychological stress during
pregnancy (21, 22). Moreover, a prospective cohort including
1,308 women found that stress and anxiety were associated with
lower gestational weight gain (23). Therefore, the mental health
status of thyroid cancer survivors may account for the results of
our study but requires further research.

The survivors had reduced gestational weight gain, but it was
still within the recommended range by the American Institute of
Medicine (24). Although it has been reported that gestational
weight gain may be related to the risk of pregnancy
complications (25, 26), no increased incidence of major
adverse pregnancy outcomes were detected among the
survivors in our study.

The placental weight difference (9 g) was small, although
statistically different. Moreover, since there was no statistically
significant difference in birthweight or birthweight/placental
weight (BW/PW, the ratio of fetal birth weight to placental
weight, which indicates how successfully the placenta has
adapted to the growing needs of the fetus [data not shown]),
we believe that these carry little clinical significance.

Subgroup analysis showed no differences in pregnancy
outcomes between survivors and the corresponding PS-
matched controls. However, the significant differences in
gestational weight gain, placental weight and the incidence of
macrosomia between the survivors and the controls no longer
exist, which may be caused by the reduced sample size. In terms
of RAIT, the number of included women was small but is
consistent with a large-scale real-world cohort study, thereby
indicating that RAIT did not appear to be associated with
increased adverse pregnancy outcomes (27).

Our study on time interval between conception and
thyroidectomy found no significant differences or change
trends among trisected time interval groups in pregnancy
outcomes. However, due to the relatively large overall time
interval and small sample size, this requires more large-scale
studies to confirm.

Strength and Limitation
Our study has some limitations. First, compared with studies
based on national databases, the sample size was small, which
limited the ability to detect minor differences. Second, women in
our cohort were mainly from a tertiary referral hospital, limiting
the generalizability of results. Third, all included survivors had
papillary thyroid cancer and are therefore not representative of
other pathological types. Last, thyroid function was not checked
after 10–14 weeks of pregnancy.

The strengths of our study are as follows: First, confounders
between the two groups were controlled as much as possible
using PSM and logistic regression. Second, based on the original
EMR, our data are more reliable than that from national
Frontiers in Endocrinology | www.frontiersin.org 8
databases based on ICD diagnosis codes alone. Third and
perhaps the greatest strength of our study was that we
provided detailed information on the pathological type,
treatment, and gestational thyroid function of each thyroid
cancer survivor. We believe that this study contributes to an
improved understanding of the impact of treated thyroid cancer
on pregnancy outcomes.
CONCLUSION

In this retrospective cohort study involving 96 thyroid cancer
survivors and 192 PS-matched control women, a history of
papillary thyroid cancer was not associated with adverse
pregnancy outcomes. These findings provide reassurance for
women of childbearing age with a history of treated papillary
thyroid cancer.
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Supplementary Figure S1 | (A–C). Directed acyclic graph illustrating confounder
selection. IVF, in vitro fertilization; BMI, body mass index; fT4, free thyroxine; TSH,
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