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PREGNANCY AND FETAL DEVELOPMENT

Maternal Subclinical Hypothyroidism,
Thyroid Autoimmunity, and the Risk of Miscarriage:
A Prospective Cohort Study
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Background: Increasing data suggest that subclinical hypothyroidism (SCH) and thyroid autoimmunity (TAI)
are associated with adverse pregnancy outcomes, but there are limited data on the association of these con-
ditions in early pregnancy with subsequent miscarriage.

Methods: In this prospective cohort study, we screened 3315 women at low risk for thyroid dysfunction at four
to eight weeks’ gestation from iodine-sufficient areas of China between January 2012 and September 2012.
Thyrotropin (TSH), free thyroxine (fT4), and the autoantibodies thyroid-peroxidase antibody (TPOAb) and
thyroglobulin antibody (TgAb) were measured. Based on these results, women were divided into four groups
for comparison: euthyroidism (ET), isolated SCH, isolated TAI (positive TPOAb or/and TgAb), and SCH with
TAI (SCH+TAI). The SCH group was stratified into two subgroups (SCH 1 and SCH 2) on the basis of the
level of TSH (2.5<TSH<5.22 or 5.22<TSH < 10 respectively). Accordingly, the SCH+TAI group was also
stratified into two subgroups (SCH+TAI 1 and SCH + TAI 2). The outcome of interest was miscarriage, defined
as spontaneous pregnancy loss prior to 20 weeks.

Results: Compared to women with ET, the risk of miscarriage was significantly higher among women with
SCH 2 (7.1% vs. 2.2%, aOR 3.40 [CI 1.62-7.15]; p=0.002), isolated TAI (5.7% vs. 2.2%, aOR 2.71 [CI 1.43—
5.12]; p=0.003), SCH+TAI 1 (10.0% vs. 2.2%, aOR 4.96 [CI 2.76-8.90]; p=0.000), and SCH+TAI 2 (15.2%
vs. 2.2%, aOR 9.56 [CI 3.76-24.28]; p=0.000). The gestational ages of 110 women at miscarriage were lower
among women with subclinical thyroid abnormalities compared to ET (11.13+£3.21 weeks with subclinical
thyroid abnormalities vs. 9.33+1.71 weeks with ET; p=0.024). In parallel with the higher TSH levels, there
were earlier gestation ages at miscarriage between subgroups of SCH and SCH+TAI (SCH 1 vs. SCH 2:
10.79£1.77 vs. 9.70+ 1.47 weeks, p=0.039; SCH+TAI 1 vs. SCH+TAI 2: 9.59+1.97 vs. 8.88+ 1.24 weeks,
p=0.031).

Conclusions: Women with SCH and TAI are at an increased risk of miscarriage between four and eight
gestational weeks. Women with a combination of SCH and TAI were found to have the highest risk and earlier
gestational ages of miscarriage.

Introduction

O VER THE PAST TWO DECADES, the association between
subclinical hypothyroidism (SCH), thyroid autoimmu-
nity (TAI), and adverse obstetric outcomes has been hotly
debated in the domains of endocrinology, obstetrics and gy-
necology, and perinatology (1-6). SCH occurs in 3-7% of
pregnant women, and it is often ignored due to the lack of
characteristic clinical symptoms (7,8). Recent studies have
reported that SCH in pregnancy was associated with mis-

carriage (2-5,9), and higher maternal TSH levels have been
detected in women who miscarried when compared to un-
affected controls (3,10). To date, several meta-analyses in-
dicated that a clear association between TAI and miscarriage
appears evident (11-14). However, the gestational ages in
these above-mentioned studies were 11-13 weeks, and did
not include some women who miscarried before 11 weeks.
Therefore, the aim of this study was to investigate the effects
of SCH and TAI during early pregnancy in women at low risk
for thyroid diseases on spontaneous miscarriage.
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Method

This was a prospective cohort study. Unselected women
who attended the gynecology and obstetrics clinics in 13
hospitals and six prenatal clinics in three cities (Shenyang,
Dalian, and Dandong) of Liaoning Province in China were
recruited between January 2012 and September 2012. These
clinics are all located in regions of China classified as iodine
sufficient. Inclusion criteria were: (a) four to eight weeks
intrauterine gestation; (b) resident in the designated areas for
more than five years; and (c) spontaneously conceived sin-
gleton pregnancy. Women with the following high risk fac-
tors (1,15) for thyroid disorders during pregnancy were
excluded: (a) hereditary diseases and chronic disorders, such
as hypertension, diabetes, and anemia (Hb<110g/L); (b)
history of thyroid diseases (thyroid ultrasound was performed
for the presence of goiter and/or thyroid nodules) or family
history of thyroid disease; (c) extra TAI diseases; (d) medi-
cation that may impact thyroid function (except for estrogen);
(e) pregnancy conceived through assisted reproductive
technology; (f) uterine malformations (septate or bicornuate
uterus) and uterine fibroids; (g) an intrauterine demise; (h)
history of therapeutic head or neck irradiation; (i) body mass
index (BMI) of >30kg/m?; or (j) prior preterm birth. In ac-
cordance with the two guidelines published by the American
Thyroid Association and the Endocrine Society (1,15), wo-
men with high risk factors for thyroid dysfunction during
pregnancy were excluded at enrollment. Thus, the study
population consisted of patients with a low risk for thyroid
diseases and miscarriage. Of the 3315 women enrolled, 3147
pregnant women were analyzed after considering the exclu-
sion criteria (Fig. 1).

All participants answered a questionnaire about demo-
graphic and obstetric characteristics (maternal age, gesta-
tional age, parity, and previous miscarriage), educational

Women enrolled
n=3315
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status, income, smoking, alcohol intake, personal and fam-
ily history of thyroid disorders (including first- and second-
degree relatives), personal history of type 1 diabetes or other
autoimmune diseases, and history of therapeutic head or neck
irradiation.

All women enrolled underwent an ultrasound on the day of
enrolment to confirm there was an ongoing intrauterine
gestation, and the duration of gestation was calculated based
on the dates of their last menstrual period and confirmed by
ultrasonography. The outcome of interest was miscarriage,
defined as spontaneous pregnancy loss occurring before 20
weeks’ gestation. All participants were followed with thyroid
function tests and an ultrasound examination at the endocrine
clinics each month. Miscarriage was defined as pregnancy
loss after ultrasound detection of a gestational sac or histo-
logical evidence of pregnancy on curettage. Miscarriage was
confirmed and reported by the physicians at the gynecology
and obstetrics clinics in 13 hospitals and six prenatal clinics.

Study samples, laboratory determinations,
and categorization

Samples of spot urine and regular serum blood were ob-
tained from each participant in the morning after an overnight
fast. All specimens were frozen until shipment and assayed as
soon as possible. Thyrotropin (TSH), free thyroxine (fT4),
thyroid peroxidase antibody (TPOAD), thyroglobulin anti-
body (TgAb), and urinary iodine (UI) were determined by a
centralized laboratory. TSH, fT4, TPOAb, and TgAb con-
centrations were measured by an electrochemiluminescence
immunoassay with Cobas Elesys 601 (Roche Diagnostics,
Switzerland). The functional sensitivity of the TSH assay was
0.002 mIU/L. The intra-assay coefficients of variation (CV)
of serum TSH, fT4, TPOADb, and TgAb were 1.57-4.12%,
2.24-6.33%, 2.42-5.63%, and 1.3—4.9% respectively. The
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interassay CV values were 1.26-5.76%, 4.53-8.23%, 5.23—
8.16%, and 2.1%-6.9% respectively. Ul excretion was
measured by the colorimetric ceric ion arsenious acid ash
method, based on the Sandell-Kolthoff reaction. The intra-
and interassay CV values were <7%. lodine nutrition status
in the cohort was expressed by the median of UI concentra-
tion (ug/L) (16).

Because the reference values given by the manufacturer of
the analyzer (Roche) were collected through experimentation
on populations that did not include pregnant women, the data
were categorized using percentiles of our laboratory values. To
determine the first eight-week gestational reference intervals
for TSH and T4, based on the recommendation of the Na-
tional Academy of Clinical Biochemistry (NACB) of the
United States (17), 1961 healthy women with singleton preg-
nancies in our study were chosen. The pregnancy-specific
reference ranges (2.5-97.5 percentiles) for TSH and {T4 levels
were 0.29-5.22mlIU/L and 12.27-20.72 pmol/L respectively.
Positive thyroid autoantibodies were defined as a TPOAb
concentration of >34IU/mL, and/or TgAb of >115TU/mL.

The subjects were divided into four groups with respect to
thyroid hormone levels and thyroid autoantibody concentra-
tions (Fig. 1). Group 1: euthyroidism (ET, n=1961), normal
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TSH (0.29<TSH<2.5mlIU/L) and fT4, and TPOAb and/or
TgAb negative. Group 2: isolated SCH (n="755), TSH levels
between 2.5 and 10 mIU/L, normal fT4, and TPOADb and/or
TgAbnegative. On the basis of the level of TSH, the SCH group
was stratified into two subgroups: SCH 1 with 2.5<TSH<
5.22mlIU/L and SCH 2 with 5.22 <TSH < 10 mIU/L. Group 3:
Isolated TAI (n=227), positive TPOAb and/or TgAb with
normal TSH and fT4. Group 4: SCH + TAI (n=204), SCH with
TAI Based on the level of TSH, this group was also stratified
into two subgroups: TAI+SCH 1 and TAI+ SCH 2.

The study was approved by the ethical committee of the
First Affiliated Hospital of China Medical University and by
the ethical committees of the hospitals involved in the study,
and all participating women gave informed written consent at
initial presentation.

Statistical analysis

Statistical analysis was performed using the SPSS v13.0
software package (SPSS, Inc., Chicago, IL). The odds ratios
and confidence intervals of women with subclinical thyroid
abnormalities and women with ET were analyzed relative to
the risk of miscarriage using Review Manager v5.1 software.

TABLE 1. CHARACTERISTICS OF DIFFERENT GROUPS OF THYROID STATUS

ET 0.29<TSH SCH 2.5<TSH Isolated SCH+TAI
<2.5mIU/L <10.0mIU/L TAI TSH 2.5<TSH
Characteristic (n=1961) (n=755) <2.5mlU/L (n=227) <10.0mIU/L (n=204) p
Maternal age (years), M=SD  29.86+3.51 29.53+3.38 29.88+£3.69 29.90+3.54 0.14
GA (weeks) 7.20%1.11 7.12+1.06 7.06+0.97 7.16x1.13 0.06
GA at abortion (weeks) 11.13£3.21 10.47+£1.74 991+1.74 9.40%1.81 0.02
BMI (kg/m?) 21.88+3.21 22.00+£3.37 21.64+£3.31 21.94+3.51 0.51
WC (cm) 77.19+£8.72 77.22+8.99 76.79+£9.21 77.17+8.83 0.92
SBP (mmHg) 112.78+10.81  112.47£10.82 113.12£10.93 113.62+11.96 0.06
DBP (mmHg) 71.67£8.14 71.61£8.43 72.91+£8.40 72.83+£8.45 0.07
Heart rate (per/min) 80.521+9.36 79.93+£8.24 80.81+8.79 81.33+10.37 0.74
Parity, n (%) 0.45
0 1876 (95.7) 720 (95.4) 221 (97.4) 198 (97.1)
1+ 85 (4.3) 35 (4.6) 6 (2.6) 6 (2.9)
Previous miscarriage, n (%) 0.14
0 1476 (75.3) 557 (73.8) 156 (68.7) 148 (72.5)
1 420 (21.4) 167 (22.1) 59 (26.0) 46 (22.5)
2+ 65 (3.3) 31 (4.1) 12 (5.3) 10 (4.9)
Educational status, n (%) 0.60
Junior middle school 581 (29.6) 200 (26.5) 69 (30.4) 61 (29.9)
Senior middle school 204 (10.4) 89 (11.8) 23 (10.1) 26 (12.7)
College 1091 (55.6) 435 (57.6) 123 (54.2) 111 (54.4)
Postgraduate 85 (4.3) 31 (4.1) 12 (5.3) 6 (2.9)
Monthly per capita income 0.70
(RMB)(RMB yuan) n (%)
<1000 490 (25.0) 174 (23.0) 54 (23.8) 52 (25.5)
1000-3000 616 (31.4) 232 (30.7) 67 (29.5) 66 (32.4)
3000-5000 564 (28.8) 245 (32.5) 74 (32.6) 59 (28.9)
> 5000 291 (14.9) 104 (13.8) 32 (14.1) 27 (13.2)
Smoking, n (%) 7 (0.4) 6 (0.8) 0 (0) 3 (1.5) 0.97
Drinking, n (%) 15 (0.8) 7 (0.9) 2 (0.9) 2 (1.0) 0.78
UI (ug/L), median (IQR) 155.2 (106.98)  161.3 (109.08) 157.3 (118.72) 165.9 (108.33) 0.16
fT4 (pmol/L), median (IQR) 16.16 (1.90) 15.60 (1.91) 16.13 (1.92) 15.67 (2.12) 0.06
TSH (mIU/L), median (IQR) 1.40 (0.99) 3.21 (1.33) 1. 60 (0.53) 3.79 (1.03) 0.00

ET, euthyroid; SCH, subclinical hypothyroidism; isolated TAI, isolated thyroid autoimmunity; SCH+TAI, SCH with the positive TPO-
Ab/Tg-Ab; GA, gestational age; BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood
pressure; U, urinary iodine fT4, free thyroxine; TSH, thyrotropin; IQR, interquartile range.
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We used descriptive statistics to characterize the study co-
hort. Continuous data are reported as mean and standard
deviation (SD), and skewed data were log-transformed before
analysis. Categorical data are reported as percentages.
Characteristics between the four or six groups were compared
using the Mann—-Whitney U-test or analysis of variance
(ANOVA) for continuous variables and Fisher’s exact test or
the chi-square test for categorical variables as appropriate,
with post hoc Bonferroni correction.

In addition to the univariate analysis, a multivariate lo-
gistic regression model was used to assess the association
between maternal thyroid status and miscarriage, controlling
for the following potential confounders: mother’s age, par-
ity, BMI, previous miscarriage, smoking, drinking, and UL
Results are reported as adjusted odds ratios (aOR) with 95%
CI. A p-value of<0.05 was considered to be statistically
significant.

Results
Clinical characteristics of subjects

Of all 3315 enrolled women, there were 959 (28.9%) wo-
men with a TSH value >2.5mIU/L, and 161 (4.9%) women
with a TSH concentration >5.22 mU/L. Positive TgAb and/or
TPOAD were present in 431 women (13.0%). The percentage
of women with both positive TPOAbs and TgAbs was sig-
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nificantly higher than that of women with isolated positive
TPOAbs or TgAbs (6.1% vs. 3.2% and 3.7%; p <0.05).

The average age of the 3147 study subjects was
29.59+3.71 years, and the mean duration of pregnancy at
enrollment was 7.10+£1.12 weeks. Of these, 3015 (95.8%)
women were nulliparous, 810 women (25.7%) had a history
of miscarriage, 16 (0.5%) smoked, and 26 (0.9%) consumed
alcohol during pregnancy. Median UI concentrations in wo-
men from the cities of Shenyang, Dalian, and Dandong were
166.3 ug/L, 154.4 ug/L, and 176.2 ug/L respectively.

With the exception of TSH levels and gestational age at
miscarriage, no significant differences were found among the
four groups for the demographic and baseline characteristics
analyzed (Table 1).

Table 2 shows that TSH levels, TAI, and previous mis-
carriage were associated with miscarriage in univariate
analysis.

TSH levels

As shown in Table 3, women with thyroid abnormalities
have higher TSH levels compared with ET subjects. To an-
alyze the impact of SCH and TAI on the risk of miscarriage,
women in the SCH and SCH+TAI groups were strati-
fied according to the TSH levels and autoantibody status.
The TSH levels, miscarriage rates, and gestational ages at

TABLE 2. UNIVARIATE ANALYSIS OF VARIABLE RELATED TO MISCARRIAGE

Characteristic Miscarried (n=110) Unaffected (n=3037) P
Maternal age (years), M+ SD 29.49 +3.81 29.8+3.48 0.22
GA (weeks% 6.92+1.12 7.10+1.11 0.41
BMI (kg/m~) 22.20+3.66 21.89+3.26 0.15
WC (cm) 76.49+8.72 77.22+8.83 0.76
SBP (mmHg) 112.24+11.54 112.98+10.88 0.24
DBP (mmHg) 71.99£9.19 71.82+£8.22 0.19
Heart rate (per/min) 80.63+10.15 80.45+9.10 0.31
Parity, n (%) 0.23

0 103 (93.6) 2912 (95.9)

1+ 7 (6.4) 125 (4.1)
Previous miscarriage, n (%) 0.004

0 69 (62.7) 2268 (74.7)

1 34 (30.9) 658 (21.7)

2+ 7(6.4) 111 (3.7)
Educational status, n (%) 0.21

Junior middle school 22 (20.0) 887 (29.2)

Senior middle school 33 (30.0) 309 (10.2)

College 50 (45.5) 1710 (56.3)

Postgraduate 3(2.7) 131 (4.3)
Monthly per capita income (RMB)(RMB yuan) n (%) 0.47

<1000 20 (18.2) 748 (24.6)

1000-3000 44 (40.0) 937 (30.9)

3000-5000 37 (33.6) 905 (29.8)

> 5000 7 (6.4) 447 (14.7)
Smoking, n (%) 1 (0.9) 15 (0.5) 0.44
Drinking, n (%) 2 (1.8) 24 (0.8) 0.24
Ab+, n (%) 34 (30.9) 397 (13.1) 0.018

TPOAb+, n (%) 14 (12.7) 252 (8.3) 0.101

TgAb+, n (%) 23 (20.9) 220 (7.2) 0.000
UI (ug/L), median (IQR) 171.53 (105.17) 168.52 (117.08) 0.80
fT4 (pmol/L), median (IQR) 15.76 (1.78) 15.89 (1.82) 0.38
TSH (mIU/L), median (IQR) 2.45 (0.99) 1.81 (1.01) 0.000

Ab+, positive TPOAb and/or TgAb.
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TABLE 3. CHARACTERISTICS OF DIFFERENT THYROID STATUS GROUPS

All

<10.0

TAI+SCH
2 5.22<TSH
(n
5.84 (1.17)*

TAI+SCH 1
2.5<TSH
<5.22

<10.0

2.5<TSH
(n
3.79 (1.21)*

SCH+TAI

Isolated
TAI TSH
<25

<10.0

SCH
2 522<TSH

<5.22

SCH 1
2.5<TSH

<10.0

(n
3.21 (1.46)

SCH
2.5<TSH

ET 0.29<TSH
<2.5

1186)

(n
3.47 (1.56)*

=34)

170)

(n
3.33 (1.23)

=204)

=227)

(n
1. 60 (0.93)

(m=127)

(n=628)

=755)

1961)

(n

Characteristic

4.96 (1.33)

3.06 (1.03)

1.40 (0.89)

TSH (mIU/L),
median (IQR)
Miscarriage, n (%)

67 (5.6%)*
9.33+1.71%

6 (15.2%)*

8.88+1.24*

17 (10.0%)*

9.59+1.97*

23 (11.3%)*

9.40+1.81%

13 (5.7%)*
9.91+1.74%

9 (7.1%)*
9.70+1.47*

22 (3.5%)

10.79+1.77*

31 (4.1%)*
10.47 +1.74%

43 (2.2%)
11.13+3.21

GA at abortion (weeks)

ap<0.05 between the SCH and SCH+ TAI groups and between the SCH 2 and TAI+SCH 2 groups; *p<0.05 relative to ET women.
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abortion are reported in Table 3. There was no significant
difference in TSH levels between the ET and isolated TAI
groups (1.40 vs. 1.60 mIU/L, p=0.09). Moreover, there was
no correlation between TPOAb/TgAb levels and serum TSH
levels (data not shown). The SCH + TAI group showed higher
TSH levels than the SCH group (3.79 vs. 3.21 mIU/L,
p=0.04). Interestingly, there was no remarkable difference in
the TSH level between the TAI+SCH 1 and SCH 1 groups
(3.06 vs. 3.33mlIU/L, p=0.06). However, the median TSH
level was significantly higher in the TAI+ SCH 2 group than
in the SCH 2 group (4.96 vs. 5.84 mIU/L, p=0.03; Table 3).

Miscarriage risk

In all, 110 of the 3147 women had a miscarriage (3.5%).
Miscarriage rates, OR, and CI of different groups according
to the risk of miscarriage are shown in Figure 2.

Compared to women with ET (0.29 <TSH < 2.5 mIU/L),
SCH 1 (2.5<TSH<5.22mlIU/L) was associated with a
nonstatistically significant increase in miscarriage risk (3.5
vs. 2.2%, aOR 1.62 [CI 0.96-2.73]; p=0.083). However, the
risk of miscarriage was significantly higher in the SCH 2
group (TSH between 5.22 and 10 mIU/L). The risk of mis-
carriage in the isolated TAI group increased, especially with
coexistent SCH. TAI enhanced the risk of miscarriage in the
SCH 1 and SCH 2 groups (Fig. 2; 7.1% vs. 2.2%, aOR 3.40
[CI 1.62-7.15]; p=0.002), isolated TAI (5.7% vs. 2.2%, aOR
2.71 [CI 1.43-5.12]; p=0.003), SCH+TAI 1 (10.0% vs.
2.2%, aOR 4.96 [CI 2.76-8.90]; p=0.000), and SCH+TAI 2
(15.2% vs.2.2%, aOR 9.56 [CI 3.76-24.28]; p=0.000; Table
3). Moreover, there is a significant increased miscarriage rate
in the SCH+ TAI group compared to the SCH group (4.1%
vs. 11.3%, p=0.000), whereas the comparison of the sub-
groups of SCH and SCH+TAI did not show statistically
significant increases for miscarriage rates (3.5% vs. 7.1%;
10.0% vs. 15.2%, p>0.05).

Gestational ages at miscarriage

Among thel10 women with a miscarriage, the mean ges-
tational age at miscarriage was 11.13+3.21 weeks. The
gestational age at miscarriage was earlier in all groups with
any abnormal TSH and TAI In parallel with the higher TSH
levels, earlier gestational ages at miscarriage were observed
in the SCH subgroups and the SCH + TAI subgroups (SCH 1
vs. SCH 2: 10.79£1.77 vs. 9.70+1.47; SCH+TAI 1 vs.
SCH+TAI 2: 9.59+1.97 vs. 8.88+1.24 weeks).

Discussion

The present study was performed to evaluate the associa-
tion between subclinical thyroid abnormalities and miscar-
riage during the early weeks of pregnancy. The results
revealed that, through the eighth week of pregnancy, women
whose TSH values were above the upper limit of the preg-
nancy-specific interval (SCH 2 with 5.22 <TSH < 10 mIU/L)
and women with isolated TAI had an elevated risk of mis-
carriage, but women with TSH values within the reference
range for the pregnant population (SCH 1 with 2.5<TSH<
5.22mlU/L) did not have an increased risk of miscarriage.
The high risk of miscarriage in both SCH and TAI-positive
subjects is highly associated with an early gestational age of
miscarriage.
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FIG. 2. Forest plots of odds ratios and confidence intervals of women comparing thyroid abnormalities according to the

risk of miscarriage.

Although we excluded most participants with high risk
factors for thyroid disorders, as listed in the guidelines of the
ATA and the Endocrine Society (1,15), SCH, TAI, and pre-
vious miscarriage during gestational weeks 4-8 were still
associated with pregnancy loss in the low-risk population.
After adjusting for confounding factors, SCH and TAI re-
mained independently associated with miscarriage. Similar
results were also reported in the studies performed during
11-13 gestational weeks in the United States and Europe
(3,4,18,19). Higher TSH levels and TAI were here taken as
indicative of decreased thyroid function, which is essential
for fetal growth and development (8,20). No correlation be-
tween fT4 and miscarriage was observed in our study, which
we speculate may be attributable to the pronounced sensi-
tivity of TSH to imbalances in the hypothalamus-pituitary-
thyroid axis (3,21).

In our study, an interesting finding showed that isolated
TAI with normal TSH level was associated with a higher risk
of miscarriage, but when both TAI and SCH coexisted in an
individual, the risk of miscarriage increased significantly.
This situation was more remarkable with increasing serum
TSH levels. The ORs for miscarriage rose from 1.62 to 4.96
and from 3.40 to 9.56 in the SCH 1 and SCH 2 groups with
TAI which indicates that TAI itself is associated with an
increased risk of miscarriage.

The increased rate of pregnancy loss in TAI-positive wo-
men with TSH levels <2.5mIU/L (isolated TAI) indicates
that the presence of TAI without subclinical thyroid dys-
function is significantly associated with an increase in the
miscarriage rate, which is consistent with the results of pre-
vious studies (12,20,22-24), although this remains contro-
versial. A minor increase in the TSH level (1.48 mIU/L vs.
1.11 mIU/L) might be associated with an increased miscar-
riage rate, and there is no significant difference in the positive
incidence of TPOAD (3). Furthermore, some studies have
reported that TAI can lead to higher TSH levels and conse-
quently be associated with loss of pregnancy (3,19,25). For
this purpose, we analyzed the differences in TSH levels and
in miscarriage risk among women in the SCH and SCH + TAI
groups. The analyses show that antibody-positive women
with TSH levels (SCH+TAI) between 5.22 and 10 mIU/L
had a significantly increased risk of miscarriage compared to
antibody-negative women (SCH). Our data indicate that this
difference was much more pronounced when SCH was ac-
companied by the presence of TAIL. TAI was found to affect
the rate of miscarriage in both a TSH-dependent and TSH-
independent manner (26). An additive or synergistic phe-
nomenon may exist between the two conditions, contributing
to the occurrence of thyroid dysfunction during pregnancy
and ultimately resulting in pregnancy loss, but the precise

mechanism underlying this process is still unclear. Two hy-
potheses may help to explain the association of TAI with
pregnancy loss. First, thyroid autoantibodies may be con-
sidered as markers for generalized autoimmune dysfunction
in the body because they have been known to be associated
with an increased risk for pregnancy loss. In our previous
study, we found that TgAb correlates with miscarriage rate,
and Unuane et al. reported that TAI is considered as one of
the risk factors of infertility (23,27). Second, TAI-positive
euthyroid women are more prone to develop subclinical or
overt hypothyroidism during pregnancy due to hormonal
imbalance, particularly in the first trimester (27), although
our findings did not reveal significantly higher serum TSH
levels in the women with positive TPOAb compared to the
women without TPOAD.

In healthy pregnant women with no previous history of
thyroid disease, miscarriage occurs earlier in women with
SCH (6.5+0.9 weeks) than in women with isolated positive
TPOAD (8.2%2.1 weeks), who in turn experience miscar-
riage earlier than ET women (8.2 1.6 weeks; p=0.02) (24).
Consistent with these findings, the mean gestational age at
miscarriage was earlier among SCH women than among ET
women. We also observed that women with isolated TAI and
SCH + TAI experienced miscarriage earlier than those with
ET. Women with both SCH and higher TSH levels and TAI
had the lowest gestational age at miscarriage. Subgroup an-
alyses demonstrate that women with higher TSH levels had a
lower gestational age at abortion, both with and without TAI
In women with TAI, the higher the TSH levels, the earlier the
gestational age at miscarriage. In the retrospective study by
De Vivo et al. (24), 216 apparently healthy pregnant women
with no previous history of thyroid disease were enrolled.
The authors concluded that women suffering from SCH have
alower gestational age at miscarriage, while the results of our
prospective cohort study showed that either SCH or TAI are
associated with earlier miscarriage. Hence, this difference
may be due to the different methods used in the two studies.
In addition, the study by De Vivo et al. (24) was conducted in
a moderately severe iodine-deficient area, and the population
in our study stems from an iodine-sufficient area, which is
another likely explanation for the discrepancy between that
study and ours.

At gestational weeks 4-8, the normal immune suppression
of pregnancy is weakest, and thyroid autoantibody titers are
higher than at other gestational weeks. A major strength of
our study is its prospective design, which allowed us to col-
lect detailed demographic, obstetric, and laboratory data. We
assessed the iodine nutritional status of the pregnant women to
confirm that they were iodine sufficient because both iodine
deficiency and iodine excess can have adverse effects on
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thyroid function (2,28-30). In addition, our sample size is
large, providing sufficient power for detection of the clinical
significance of the differences. One limitation of the present
study is that we did not exclude women with histories of
previous miscarriage. Hence, this study population is relatively
low risk. Another shortcoming of the study is that we did not
provide interventions for the women with SCH or/and TAI,
which would have allowed us to determine whether le-
vothyroxine can abate the risk of miscarriage. The third limi-
tation is that because of the low prevalence of the coexistence
of SCH and TALI, there were only 34 participants who met the
criteria for SCH+TAI 2. Therefore, the findings in Table 3
may be biased by the smaller number of participants. Although
serum TSH levels in isolated TAI were higher than in ET (1.6
vs. 1.4mlIU/L), the difference was not statistically different.
This may be due to the small group with isolated TAI. Fur-
thermore, it is known that even a minor increase in TSH might
be associated with an increased miscarriage rate (3).

In conclusion, the results of this large prospective cohort
study indicate that low-risk women in iodine-sufficient re-
gions who experience SCH, TAI, or both before eight weeks’
gestation are more likely to suffer pregnancy loss. Further,
miscarriages among women with these abnormalities were
also found to occur at earlier gestational ages. To some ex-
tent, these findings support universal screening of women of
reproductive age for thyroid function and TAI early during
pregnancy or during the preconception period.
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