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Abstract

Objective Abnormal maternal thyroid function is associated with preterm birth. However, this
association stays dubious in relevant individual studies for ethnic difference reasons and lack of direct
supporting data. This study aimed to evaluate the relationship between preterm birth and thyroid
dysfunction or autoimmunity based on ethnic differences.

Methods Relevant studies were identified through searches of MEDLINE, Excerpta Medica, Wan Fang,
China Biological Medicine disc, and China National Knowledge Infrastructure from inception to June 15,
2016. Original articles in which an incidence or prevalence of thyroid dysfunction or autoimmunity
before second trimester of pregnancy could be extracted were included.

Results Thirty-two unique studies were included for the final meta-analysis. Patients involved were
divided into two groups: Group 1 (G1) and Group 2 (G2) comprising of Asian and Caucasian populations,
respectively. Positive thyroid antibodies were associated with the occurrence of preterm birth in both
G1 [odds ratio (OR): 3.62, 95% confidence interval (C/): 2.83-4.65] and G2 (OR: 1.35, 95% CI: 1.17-1.56);
hypothyroidism, only in G2 (OR: 1.20, CI: 1.09-1.33); and subclinical hypothyroidism or
hypothyroxinemia, in neither group.

Conclusion Thyroid autoimmunity may be a more favorable factor leading to preterm birth among

pregnant women of different ethnicities, compared with thyroid dysfunction.
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INTRODUCTION

pregnancy, is defined as the birth of a

child prior to 37 weeks of gestation“'zl. It
is the leading cause of neonatal mortality,
responsible for 75% of neonatal deaths with no
congenital anomalie™™. Preterm birth is also
associated with perinatal complications, such as
congenital neurologic disability, and psychiatric,
metabolic, cardiovascular, and renal diseases™. To

Preterm birth, occurring in 6%-12% of

address this problem, numerous works have been
conducted over the last decades, yet there is still no
great prospect of early prediction and prevention of
preterm deliverym.

As the fetus does not yet produce its own
thyroid hormones, adequate functioning of the
maternal thyroid is confirmed to be particularly
important for the development of the fetal brain
during the first trimester®®. Thyroid dysfunction
and thyroid autoimmunity are relatively common in
women at reproductive age, affecting 2%-3% and
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5%-15% of pregnant women, respectively[6'7]. Both
thyroid dysfunction and thyroid autoimmunity are
associated with adverse pregnancy outcomes®®.,
However, over the last 20 years, conflicting results
published on alteration of diagnostic criteria of thyroid
function tests make the exact prevalence of thyroid
diseases in pregnant women and its relationship with
preterm labor even more unclear®%,

A number of studies have shown that
inter-individual differences in thyroid hormone levels
may, at least partially, be explained by ethnic
background[u'u]. Only a few studies analyzed the
ethnic differences of thyroid function tests during
pregnancym'”] La'ulu et al.™™ and other
authors™>*® reported that the reference range
values for thyroid parameters may differ among
Asians, white, black, and Hispanic Americans, and
even in different subgroups of Caucasians. These
ethnic differences between different populations
emphasize the significance of calculating population-
specific reference ranges for TSH during pregnancy,
suggesting that the risk of preterm birth should be
estimated in the same ethnic population. Therefore,
this study aimed to conduct a meta-analysis to analyze
the risk of preterm birth for pregnant women with
thyroid dysfunction or thyroid autoimmunity based on
ethnic variety by including data from randomized
controlled trials (RCTs) and cohort studies.

METHODS

Search Strategy

Relevant studies were identified through
searches of MEDLINE, Excerpta Medica, Wan Fang,
China Biological Medicine disc, and China National
Knowledge Infrastructure from inception to June 15,
2016. Search criteria used were related to thyroid
dysfunction, thyroid autoimmunity, and preterm
birth. The following search terms were used:
subclinical hypothyroidism, hypothyroidism, thyroiditis,
thyroid peroxidase, thyrotropin, thyrotropin receptor
antibody,  thyroid-stimulating  immunoglobulin,
thyroid microsomal antibodies, thyroid dysfunction,
hypothyroxinemia, thyroid diseases, pregnancy,
pregnancy outcome, immature and premature labor,
premature delivery, preterm birth, cohort analysis,
longitudinal study, prospective study, retrospective
study, follow up, and case-control study. The
language limitation for the initial search was set to
include only Chinese and English. RCTs, cohort
studies, and case-control studies were included.

Study Selection

The criteria for inclusion were (1) pregnant women
with overt hypothyroidism, subclinical hypothyroidism,
hypothyroxinemia, and positive thyroid autoantibody;
(2) preterm birth outcome; (3) assessment of thyroid
function before second trimester of pregnancy; (4)
articles in English or Chinese; and (5) same ethnic
population being more than 80% of all patients. The
criteria for exclusion were (1) poor quality studies; (2)
articles from the same cohort studies (only the
newest were included); and (3) subjects with
cardiovascular or rheumatic diseases.

Quality Evaluation

Studies were judged on scientific quality
according to the CONSORT and STROBE
statements™”. Study quality assessment was
performed based on the NewcastleOttawa scale for
cohort  studies™” (http://www.ohri.ca/programs/
clinicalepidemiology/oxford. asp).

Data Extraction

The procedure was performed independently by
two reviewers (L. M, W. FL). Articles included for full
text screening were compared during a consensus
meeting. In case of disagreement, a third reviewer
(W. SW) was consulted for the decision on inclusion
or exclusion for full-text evaluation.

Statistical Analysis

In each study, incidence of thyroid dysfunction or
thyroid autoimmunity compared to that of controls
was expressed both as odds ratios (OR) with the
corresponding 95% confidence intervals (Cl). Review
Manager software version 5.2 was used to perform
the meta-analyses. Statistical heterogeneity was
evaluated using the I° test™, with 1>50% represents
moderate to substantial heterogeneity, in which case
random-effects models were used to pool summary
estimates™. Funnel plots present the publication
bias. Begg’s and Egger’s tests were performed to
assess publication bias quantitatively. All statistical
analyses were conducted using STATA 12.0 software
(Stata Corp, College Station, TX, USA). A two-sided
P<0.05 was considered statistically significant.

RESULTS

Literature Search

A total of 3,520 articles were selected from the
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search results for critical appraisal. After elimination
of duplicate and irrelevant studies, 32 unique studies
consistent with the inclusion criteria, including 4
Chinese and 28 English, were finally included (Figure
1). Of the 32 articles in this systematic review, 13

. g 16,18-26,31,33,41
reported on hypothyr0|d|sm[ 118 on
[16,18-19,22-24,26-34,46-48]

subclinical hypothyroidism , 4 on
hypothyroxinemia[18’23'27’29], and 18 on thyroid
antibodies!"®*#1%?73241 Al 32 cohort  studies

exhibited low risk of bias for selection and NOS score
more than 7. Among these studies, 1 article is RCT;
23, prospective cohort studies; 6, retrospective
cohort studies, and 2, case-control studies.

Study Characteristics

The characteristics of the articles included are
reported in Table 1. The studies were conducted in
different ethnicities, such as Caucasians or white,
Hispanic, African Americans, and Asians. Given that
there were no studies on African American and
Hispanic, patients in the involved studies were
divided into two groups, namely, Group 1 (G1,
Asians) and Group 2 (G2, Caucasians). The size of
the cohorts ranged from 306 to 223,512 (total
579,692). There were 42,804 cumulative preterm
birth cases.

Patients Control

Study or Subgroup Events Total Events

Effect of Overt Hypothyroidism on Preterm Birth by

Ethnic Groups

Data from 13 articles reporting 5,140 patients
with overt hypothyroidism and 450,576 controls
could be
showed an increased risk of preterm delivery (OR:
1.25,95% CI: 1.04-1.51, P=0.02; Figure 2). The study

included

in the meta-analysis

3,520 references found from Pubmd
Embase, CMB, CNKI and Wanfang
searches (June 15th 2016)

54 for the full text

l—) Move the duplicates
N: 24

1,996 screened

1,942 irrelevant

22 were removed

Other pregnant outcome n=8

Other pregnant outcom n=8

Low level of evidence n=2

Thyroid screening after 20 week GA n=2

Not right control group or study population n=4

Lack of rel lative infor mation n=2
Duplicate data on a same study n=3
Sample size less than 10 n=1

13 studies for hypothyroidism

18 studies for subclinical hypothyroidism
4 studies for hypothoiximemia

18 studies for thyroid autoimmunity

Figure 1. Flow chart of literature search and

article selection.

Odds Ratio

Total Weight M-H, Random, 95% C/

Odds Ratio
M-H, Random, 95% CI

1.1.1 Asian

Ajmani NS (2014) 4 12 20 347
Geol P (2012) 4 29 143 942
Jiang F (2013) 2 65 134 2,355
Sahu MT (2009) 1 27 22 468
Saki F (2015) 5 14 67 497
Su PY (2011) 0 9 34 845
Subtotal (95% Cl) 156 5,454
Total events 16 420

2.1%
3.0%
1.7%
0.8%
2.7%
0.4%
10.8%

Heterogeneity: Tau?=0.82; Chi?=12.81, df=5 (P=0.03); I’=61%

Test for overall effect: Z=1.05 (P=0.29)

1.1.2 Caucasian

Hirsch D (2013) 3 103 3 205
Karakosta P (2012) 3 32 103 914
Korevaar Tl (2013) 1 19 235 4,970
Mannisto T (2009) 4 54 204 4,719
Mannisto T (2013) 291 3,183 16,763 216,901
Stagnaro-Green (2005) 5 91 7 117
Tirosh D (2013) 130 1,502 16,079 217,296
Subtotal (95% Cl) 4,984 445,122
Total events 437 33,394

Heterogeneity: Tau?=0.00; Chi?=1.57, df=6 (P=0.03); >=0%
Test for overall effect: Z=3.56 (P=0.0004)

Total (95% ClI)
Total events

5,140 450,576

453 33,814

1.3%
2.4%
0.9%
3.2%
43.3%
2.5%
35.7%
89.2%

100.0%

Heterogeneity: Tau?=0.02; Chi?=15.53, df=1’2 (P=0.21); P=23%

Test for overall effect: Z=2.32 (P=0.02)

Test for subaroua differences: Chi*=0.46, df=1 (P=0.50); *=0%

8.18 [2.27, 29.47]
0.89[0.31, 2.61]
0.53[0.13, 2.17]
0.78 [0.10, 6.01]
3.57 [1.16, 10.96]
1.24[0.07, 21.71]
1.68 [0.64, 4.38]

2.02 [0.40, 10.19]
0.81[0.24, 2.72]
1.12[0.15, 8.42]
1.77 [0.63, 4.95]
1.20 [1.06, 1.36]
0.91[0.28, 2.98]
1.19[0.99, 1.42]
1.20 [1.08, 1.32]

1.25[1.04,1.51]

-

|
14

0.01

0.1 10
Controls Patients

o

100

Figure 2. Forest plot of Odds Ratio’s and 95% Confidence Interval of pooled studies comparing
patients with overt hypothyroidism with eythyroid controls according to the risk of preterm birth, 37
weeks gestation. Significant association between overt hypothyroidism and preterm birth was observed

in Caucasians.
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Table 1. Characteristics and Quality Features of the 32 Studies Included in the Systematic Review of the
Association between Thyroid Dysfunction and Preterm Birth

First Author Year Ethnicity Study Type Participants Hormone Levels Patients Controls
1,170 women TSH (0.05-2.53 mIU/L) 47 with subclinical
Karakosta . Prospective with FT4 (1.58-2.54 ng/L) hypothyroidism, 32 914
[16] 2012 Caucasian cohort singleton TPO-Ab (<35 IU/mL) with overt euthyroid
pregnancies TG-Ab (<40 IU/mL) hypothyroidism
. 5,971 TSH (3.97-22.7 mIU/L) 1,008 patients with
Ko.lr:ﬁygar 2013 Caucasian Prtzz;;(zcrttlve Pregnant FT4 (1.85-3.23 ng/L) thyroid dysfunction or eu"thgigid
women TPO-Ab (<60 IU/mL) TPO-Ab positive v
9,247 TSH (0.19-3.6 mIU/L) . . 4,719
Man[{19i]sto 2009 Caucasian Prospective singleton FT4 (1.54-2.64 ng/L) thy/sr?)(i)dpgtlﬁ‘:tr\sc\tnilg: or euthyroid
T cohort pregnancy TPO-Ab (<167.7 IU/mL) TPO-Ab positive patients with
women TG-Ab (<47.7 IU/mL) P or without Ab
223,512
Mannisto . Prospective singleton 3,183 patients with 216,901
20l 2008 CoeEsE cohort pregnancy ) MO S D overt hypothyroidism euthyroid
women
87,213 217,296
. [21] . Retrospective women with 1,502 deliveries by deliveries
Tirosh D 2013 Caucasian cohort 232,293 data not shown overt hypothyroidism with
deliveries euthyroid
brosoective 1,020 TSH (0.6-5.0 mIU/L) . Z;I:":';igi‘;i:t 34 942 without
Goel pi?2! 2012 Asians P Pregnant FT4 (1.6-2.5 ng/L) ypothyroicism, hypothyroidis
cohort with subclinical
women TPO-Ab (<80 kIU/L) L m
hypothyroidism
1017 women 41 with subclinical
. ’ . hypothyroidism, 9 with
[23] . Prospective with TSH (0.3-3.6 mIU/L) s 845
Su Y 2011 Asians cohort singleton FT4 (0.8-1.7 ng/L) overt hy‘/‘%o\;ll;tylzmdlsm, euthyroid
pregnancies hypothyroxinemia
TSH (0.5-5.5 mIg\/L) 41 with subclinical
[24) . Prospective 633 Pregnant FT4 (between 2.5 and hypothyroidism, 29 522
S LT 2003 (e cohort women 97.5%) with overt euthyroid
TPO-Ab (<35 kIU/L) hypothyroidism
Hirsch D2 2013 Caucasian  hetrospective 306 pregnant TSH (<20 mIU/L) 101 sever 205
cohort women hypothyroidism euthyroid
2484 TSH (0.1-2.5 mIU/L) 65 with subclinical
. 126] . Retrospective ’ FT4 (1.25-2.91 ng/L) hypothyroidism, 64 2,355
Jiang £ 2013 Asians cohort P\:/ngn::t TPO-Ab (<34 IU/mL) with overt euthyroid
TG-Ab (<115 IU/mL) hypothyroidism
TSH (between 2.5" and
10,990 97.5")
Blumenfeld . Prospective women with FT4 (between 25" and 240 subclinical 10,518
2008 Caucasian
@ cohort singleton 97.5”‘) hypothyroidism euthyroid
pregnancies TPO-Ab (<35 IU/mL)
TG-Ab (<40 1U/mL)
25,756 th
Caseg/ . Prospective women with S (betweeaz.s and 404 with subclinical 15,689
BM 2! 2005 Canezsiin cohort singleton S7sgl hypothyroidism euthyroid
; FT4 (>0.68 ng/L)
pregnancies
17,298
Caseg/ 2007 Caucasian Prospective singleton TSH (0.08-3.0 mIU/L) 598 with subclinical 16,011
BM=) cohort pregnant FT4 (>0.86 ng/L) hypothyroidism euthyroid
women
2,801 women
Schneuer . Prospective with a 2,127 with subclinical 106
FJE0 2012 CoeEsE cohort singleton VST (MO0 il hypothyroidism euthyroid
pregnancies
36 with subclinical
Ajmani 2014 Asians Prospective 400 Pregnant TSH (0.1-2.5 mIU/L) hypothyroidism, 347
NSBY cohort women FT4 (0.8-2.0 ng/L) 12 with overt euthyroid
hypothyroidism
132 Retrospective 1,7 TSH (0.1-2.5 mIU/L) 91 with subclinical
Lan Yu 2012 Aisans Pregnant 201 98 euthyroid

cohort

women

FT4 (0.89-1.76 ng/L)

hypothyroidism
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Continued
First Author Year Ethnicity Study Type Participants Hormone Levels Patients Controls
66 with subclinical
hypothyroidism 497
33] Prospective 600 pregnant TSH (0.2-3 miU/L) »1'31 wityh overt ' euthyroid,
Saki F 2014 Asians FT4 (0.13-2.29 ng/L) - 511 TPO-Ab
cohort women TPO-Ab (<34 1U/mL) hypothyroidism, negative
75 with TPO-Ab
. women
positive
33 with with
subclinical .
. TSH (0.1-3.34 mIU/L) L 725 euthyroid
Liu XHE4 2011 Asians Re"c%;p;i“"e 93?NF;ﬁger;ant FT4 (1.1-1.85 ng/L ) M'/’%’ﬁ‘;g’g’_’:f'sggi't?vse patients
TPO-Ab (<9 IU/mL) o[ , without Ab
17 with
hypothyroixinemia
4,318 women TSH (0.03-5.65 mIU/L) 441 patients with 4,318
35] ; Retrospective with FT4 (1.3-13.9 ng/L) TPO-Ab positive, 593 euthyroid
Ashoor G 2011 Caucasian cohort singleton TPO-Ab (<60 IU/mL) patients with TG-Ab patients
pregnancies TG-Ab (<60 IU/mL) positive without Ab
002 1,470 patients with 5592
Haddow 2010 Caucasian Prospective women with TPO-Ab (<35 IU/mL) 'i'PO-Kb or TG-Ab euthyroid
JERe] cohort singleton TG-Ab (<100 IU/mL) o patients
b positive "
pregnancies without Ab
1,074 869 euthyroid
) ’ TSH (0.27-4.2 mlU/L) ) i ) ‘
Negro RB7 2006 Caucasian Prospective Pregnant FT4 (9.3-18.0 ng/L) 58 patlen_tS: TPO-Ab patients with
cohort women, positive TPO-Ab
y TPO-Ab (<100 IU/mL) .
euthyroid negative
1,500
Ghafoor 2010 Asians Prospective euthyroid TPO-Ab (<100 U/mL) 168 TPO-Ab positive 1352 TPO-Ab
cohort pregnant negative
women
1,179 healthy
Prospective el:;hz/:;'f TG-Ab, 125 antimicrosomalAb 9e5u1t\a/orno'1%n
lijima T 1997 Asians P pregnan antimicrosomalAb positive, 4
cohort women with (<1:100) 32 TG-Ab positive patients
singleton ’ P without Ab
gestation
. . TSH (0.4-4 mIU/L)
Na\%gfa' 2011 Asians P“Zf)i‘zcrtt"’e 481/ F;ﬁgezam FT4 (1.3-3.2 ng/L) 33 TPO-Ab positive 322 euthyroid
TPO-Ab (<35 1U/mL)
TSH (0.2-5 mIU/L)
) 552 women FT4 (0.58-1.61 ng/L) : 211 euthyroid
Sé?gg:ﬁg] 2005 Caucasian case-control who had TPO-Ab and/or TG-Ab TG%ZJPgsﬁR/:'wé:en patients
delivered (<0.20 arbitrary units by P without Ab
ELISA)
3,348
. 4,562 ' euthyroid
Negro Rl 2011 Caucasian IAFEPIEGiive pregnant U (2B 2E pa“e'?‘.s Rt patients with
cohort TPO-Ab (<100 IU/mL) positive
women TPO-Ab
negative
. 1,660 . 606 euthyroid
Glinoer D 1994 Caucasian Prospective Pregnant TSH (3 mIU/L ) TPO-Ab 87 TPO-Ab positive patients
cohort (<35 1U/mL) "
women without Ab
: TSH (0.35-2.5 mIU/L) )
Bhansﬁt}]arwa 2016 Asian P“Zf)i‘zcrtt"’e 40%/2;‘:?3”‘ FT4 (0.89-1.7 ng/L) 42 TPO-Ab positive 31?:3\/?
TPO-Ab (<35 IU/mL) g
182
. TSH (0.2-3 mIU/L) euthyroid
Chenx¥ 2015 Asian Prospective 401 Pregnant  £14.(0.76-1.34 ng/1) 26 TPO-Ab positive patients
TPO-Ab (<34 IU/mL) with TPO-Ab
negative
. 15,000 TSH (0.2-5.22mIU/L) . -
vang ¥ 2015 Asian Ret'c‘;;p;?'"e Pregnant FT4 (1.00-1.74 ng/L) 80h6 ""(')tt*;\ S:‘(gg'i':r:a' euzt’hoor?)i g
women TPO-Ab (<34 1U/mL) ypothy v
TSH (0.04-2.68 mIU/L)
Rosario . Prospective 660 Pregnant FT4 (between 2.5 and 31 with subclinical .
pwLl 2015 Caucasian T "o 97.5m) hypothyroidism 629 euthyroid
TPO-Ab (<34 1U/mL)
TSH (0.88-3.08 mlU/L)
Nassie DI 2016 Caucasian Prospective 251 FT4 (0.69-0.94 ng/L) 146 with subclinical 105 euthyroid

cohort

TPO-Ab (<150 1U/mL)
TG-Ab (<75 1U/mL)

hypothyroidism

Note. Ab, antibody; Antithyroid microsomal antibody are the previous nomenclature for TPO antibodies.

All studies have an adequate sample size (n>10). All the studies were cohorts or case-control studies.
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in G2 showed a significant association between overt
hypothyroidism and preterm birth (OR: 1.20, 95% CI:
1.08-1.32, P=0.0004; Figure 2). By contrast, no
significant difference was observed in G1 (OR: 1.68,
95% Cl: 0.64-4.38, P=0.29; Figure 2).

Effect of Subclinical Hypothyroidism on Preterm
Birth by Ethnic Groups

There were 66,647 individual data from 18
studies, including 3,192 pregnant women with
subclinical hypothyroidism and 63,455 controls.
Difference in the risk of preterm birth was not
observed between patients with subclinical
hypothyroidism and euthyroid controls in both
ethnic groups [G1 (OR: 1.37, 95% ClI: 0.98-1.92,
P=0.06; Figure 3); G2 (OR: 1.23, 95% Cl: 0.96-1.57,
P=0.10; Figure 3)].

Effect of Hypothyroxinemia on Preterm Birth by
Ethnic Groups

Four studies  were investigated for
hypothyroxinemia, including 653 pregnant women
with hypothyroxinemia and 31,847 controls. The
relation between hypothyroxinemia and preterm birth

was investigated in one study of G1. The study
reported no difference between patients and
controls (G1, OR: 0.57, 95% CI: 0.08-4.28, P=0.58).
Meta-analysis on three studies of G2 resulted in a
pooled OR of 1.48 and 95% C/ of 0.96-2.28 (P=0.07;
Figure 4). No association between hypothyroxinemia
and preterm birth was observed in G2.

Effect of Thyroid Autoimmunity on Preterm Birth by
Ethnic Groups

Eighteen studies, including 4,182 pregnant women
with positive antibodies and 42,733 healthy controls,
were investigated for thyroid autoimmunity. Meta-
analysis revealed an increased risk of preterm birth in
patients, with positive thyroid antibodies, of both G1
(OR: 2.85, 95% CI: 1.68-4.85, P=0.0001; Figure 5) and
G2 (OR: 1.44,95% CI: 1.06-1.95, P=0.02; Figure 5).

Publication Bias

Funnel plots present the publication bias (data
not shown). Begg's and Egger’s tests were
performed to assess publication bias quantitatively.
No evidence of publication bias was found in the
sensitivity testing of every subgroup analysis (Table 2).

Patients Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% C/

2.1.1 Asian
Ajmani NS (2014) 2 36 9 347 1.4% 2.21[0.46, 10.64] i
Geol P (2012) 7 34 143 942  42% 1.45[0.62, 3.39] i
Jiang F (2013) 3 63 134 2355 2.4% 0.83[0.26, 2.68] —
LanY (2012) 4 98 9 91 2.3% 0.39[0.12,1.31] e
Liu XH (2011) 0 33 26 725  0.4% 0.39[0.02, 6.60]
Rosario PW (2015) 1 31 19 629 0.8% 1.07 [0.14, 8.26] I
Sahu MT (2009) 3 31 22 468  2.1% 2.17[0.61, 7.70] -
Saki F (2014) 9 66 67 497  5.2% 1.01[0.48, 2.14] —
Su PY (2011) 5 41 34 845  3.2% 3.31[1.22,8.97] =
Yang JJ (2015) 50 806 80 2,000 13.4% 1.59[1.10, 2.28] =
Subtotal (95% CI) 1,239 8,899 35.4% 1.37[0.98, 1.92] >

Total events 84 543
Heterogeneity: Tau?=0.05; Chi*=10.87, df=9 (P=0.28); I’=17%
Test for overall effect: Z=1.86 (P=0.06)

2.1.2 Caucasian

Casey BM (2005) 27 404 891 15,689 12.2%
Casey BM (2007) 44 598 913 16,011 15.2%
Cleary-Goldman (2008) 14 240 721 10,021 8.3%
Karakosta P (2012) 3 47 103 914  2.3%
Korevaar Tl (2013) 15 188 235 4,970 8.4%
Mannisto T (2009) 7 224 204 4719 5.0%
Nasseie DI (2016) 31 146 16 105  6.3%
Schneuer FJ (2012) 12 106 125 2,127 6.8%
Subtotal (95% CI) 1,953 54,556 64.6%
Total events 153 3,208

Heterogeneity: Tau?=0.04; Chi*=11.00, df=7 (P=0.14); I’=36%
Test for overall effect: Z=1.64 (P=0.10)

Total (95% Cl) 63,455  100.0%
Total events 237 3,751

Heterogeneity: Tau?=0.04; Chi?=22.55, df=17 (P=0.16); I’=25%

Test for overall effect: Z=2.54 (P=0.01)

Test for subaroua differences: Chi*=0.28, df=1 (P=0.60); I’=0%

3,192

H'lI'H

1.19[0.80, 1.77]
1.31[0.96, 1.80]
1.80 [0.46, 1.38] —
1.54 [0.16, 1.76]
1.75[1.01, 3.01]
0.71[0.33,1.54]
1.50[0.77, 2.91] -
2.04 [1.09, 3.83]
1.23[0.96, 1.57]

L 4

<

1.28 [1.06, 1.55]

0.01 0.1 10 100
Controls Patients

Figure 3. Forest plot of Odds Ratio’s and 95% Confidence Interval of pooled studies comparing patients
with subclinical hypothyroidism with eythyroid controls according to the risk of preterm birth. No
association between subclinical hypothyroidism and preterm birth was observed.
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Patients Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight  M-H, Random, 95% C/ M-H, Random, 95% CI
3.1.1 Asian
Su PY (2011) 1 43 34 845  3.9% 0.57 [0.08, 4.25] i
Subtotal (95% CI) 43 845  3.9% 0.57 [0.08, 4.25)
Total events 1 34
Heterogeneity: Not applicable
Test for overall effect: Z=0.55 (P=0.58)
3.1.2 Caucasian
Casey BM (2007) 14 233 913 16,011 30.0% 1.06 [0.61, 1.82] —-—
Cleary-Goldman (2008) 22 232 721 10,021 36.3% 1.35[0.87, 2.11]
Korevaar Ti (2013) 15 145 235 4,970 29.7% 2.32[1.34,4.03] El-
Subtotal (95% CI) 610 31,002 96.1% 1.48[0.96, 2.28]
Total events 51 1,869
Heterogeneity: Tau?=0.08; Chi’=4.26, df=2 (P=0.12); ’=53%
Test for overall effect: Z=1.78 (P=0.07)
Total (95% Cl) 653 31,847 100.0% 1.43[0.94, 2.15)

F
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Total events 52 1,903
Heterogeneity: Tau?=0.07; Chi?=5.13, df=3 (P=0.16); ’=42%
Test for overall effect: Z=1.69 (P=0.09)

Test for subaroua differences: Chi?=0.83, df=1 (P=0.36); I’=0%

I
0.01

Figure 4. Forest plot of Odds Ratio’s and 95% Confidence Interval of pooled studies comparing patients
with hypothyroxinemia with eythyroid controls according to the risk of preterm birth. No association
between hypothyroxinemia and preterm birth was observed.

Patients Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
4.4.1 Asian
Bhattacharyya R (2016) 6 42 29 337 5.1% 1.77[0.69, 4.55] 1
Chen X (2015) 2 26 9 182 3.0% 1.60 [0.33, 7.86] —
Ghafoor F (2010) 45 168 107 1,332 7.4% 4.19[2.82,6.21]
lijima T (1997) 5 125 29 951 5.0% 1.32[0.50, 3.49] ]
LanY (2012) 5 29 5 98 3.8% 3.88 [1.04, 14.48]
Liu XH (2011) 6 86 26 725 5.2% 2.02[0.81, 5.05] B
Nambiar V (2011) 3 33 19 322 3.9% 1.59[0.45,5.70] ]
Saki F (2014) 36 75 48 511 6.8% 8.90[5.18, 15.31]
Subtotal (95% CI) 584 4,458 40.3% 2.85 [1.68, 4.85]
Total events 108 272

Heterogeneity: Tau?=0.35; Chi’=21.64, df=7 (P=0.003); ’=68%
Test for overall effect: Z=3.86 (P=0.0001)

4.4.2 Others

Ashoor G (2011) 12 441 102 4,318 6.5% 1.16 [0.63, 2.12] —
Cleary-Goldman (2008) 16 518 94 9,382 6.8% 3.15[1.84,5.39]

Glinoer D (1994) 14 87 48 606 0.0% 2.23[1.17,4.24]

Haddow JE (2010) 110 1,470 553 8,592 7.9% 1.18[0.95, 1.45]

Karakosta P (2012) 23 180 103 914 7.0% 1.15[0.71,1.87] -1
Korevaar Tl (2013) 23 312 250 5,264 7.2% 1.60 [1.02, 2.49]

Mannisto T (2009) 17 288 237 5,475 7.0% 1.39[0.84, 2.30] -1
Negro R (2006) 13 58 71 869 6.3% 3.25[1.67,6.30]

Negro R (2011) 6 245 164 3,348 5.6% 0.49[0.21,1.11] —
Stagnaro-Green (2005) 10 86 11 113 5.3% 1.22 [0.49, 3.02] —
Subtotal (95% CI) 3,598 38,275 59.7% 1.44[1.06, 1.95]

Total events 30 1,585

Heterogeneity: Tau?=0.13; Chi’=25.43, df=8 (P=0.001); I’=69%
Test for overall effect: Z=2.35 (P=0.02)

¢ 0["HT'|I ’I‘WM‘

Total (95% CI) 4,82 42,733 100.0%
Total events 338 1,857

Heterogeneity: Tau?=0.39; Chi?=93.18, df=16 (P=0.00001); ’=83%
Test for overall effect: Z=3.52 (P=0.0004)

Test for subgroup differences: Chi’=4.81, df=1 (P=0.03); I’=79.2%

1.88[1.32,2.67)
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Figure 5. Forest plot of Odds Ratio’s and 95% Confidence Interval of pooled studies comparing patients
euthyroid thyroid antibody positive patients with euthyroid antibody negative controls according to the
risk of preterm birth. Positive thyroid antibodies increased the risk of preterm birth in both subgroups.

Table 2. Publication bias of Each Subgroup

P-value Test Methods Hypothyroidism Hyzzgﬁc:‘;‘i::ilsm Hypothyroxinemia An tib::;i‘:a rso"::)si tive
All studies Begg’s Test 0.951 0.325 1.000 0.820
Egger’s Test 0.485 0.403 0.660 0.438
Prospective cohort Begg’s Test 0.466 0.827 1.000 1.000
Egger’s Test 0.348 0.745 0.660 0.438

Note. A two-sided P<0.05 was considered statistically significant.
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DISCUSSION

The present meta-analysis provides clear
evidence for a relationship between the presence of
thyroid dysfunction or autoimmunity and preterm
birth in different ethnic groups.

The presence of thyroid antibodies was
significantly related to the occurrence of preterm
birth, compared with the absence of antibodies.

Association between preterm birth and patients
with subclinical hypothyroidism or
hypothyroixinemia was not observed in both ethnic
groups. High TSH level or low free T4 level alone
seemed to not necessarily increase the risk of
preterm birth. An increased risk of preterm birth was
only observed in the other ethnic group with
hypothyroidism. No evidence was found for a
relationship between hypothyroidism and preterm
birth in Asians. Asians were less susceptible to high
TSH level, compared with Caucasians. Considering
limited data available on preterm birth in Asians with
hypothyroxinemia, the role of hypothyroxinemia in
preterm delivery needs further investigation.

Positive thyroid antibodies were associated with
an increased risk of preterm birth in both ethnic
groups. Moreover, preterm delivery may occur more
frequently in Asians with positive thyroid antibodies,
with a 2.85 fold higher risk. These results showed
that thyroid autoimmunity may be a key factor for
increased risk of preterm delivery among different
ethnicities. Although not all individual studies
involved reported this association, meta-analysis
was conclusive on this point, showing the additional
value of pooled studies compared with individual
studies. Several hypotheses exist on the causality
between thyroid autoimmunity and obstetric
complications. First, thyroid antibodies could be
associated with a subtle decrease of thyroid function
or might reflect a generalized activation of the
immune system and specifically a deregulated
activity of the immune system at the fetal-maternal
interface®). Because pregnancy represents an
inflammatory process with a shift in the regulation of
cytokine networks within the local placental-
decidual environment, a deregulation of the local
inflammatory processes can be associated with
miscarriage and premature delivery[S’g’SO]. Supporting
our results, a recent meta-analysis showed that
maternal thyroid autoimmunity increases by twofold
the risk of preterm delivery for women with
biochemically normal thyroid function™™. Second,
the  autoimmunity increases the risk of

hypothyroidism, owing to the chronic lymphocytic
thyroiditis that is associated with the presence of
thyroid antibodies. The thyroid then may fail to
respond adequately to the increased demand for
thyroid hormone during pregnancy. Thus, a high
prevalence of thyroid antibodies is reasonable
among women with overt or subclinical
hypothyroidism (e.g., 25% in Stagnaro-Green et al."y,
32% in Korevaar et aI.“g], and 50% in Mannisto'™.

This meta-analysis has several limitations. As
previously mentioned, the studies used different
inclusion criteria for the patients and different cutoff
levels for TSH, fT4, and antibodies (Table 1). This
limitation should be considered when using the
results for clinical application. Meanwhile, the fact
that the diagnoses are made based on ICD-9 coding
instead of the specific criteria of blood test results is
a limitation of some studies with large sample
size!?>?4. Moreover, the differences of the first-time
collection of maternal serum samples may partially
contribute to the limitations. Although we used
random-effects  models to perform the
meta-analyses of the pooled data in case of
heterogeneity while the majority of data showed a
very similar trend, some degree of population
heterogeneity cannot be excluded. In addition, the
affected subjects had a large difference (10.8% vs.
89.2% in weight, and the ORs are 1.68 in Asians and
1.20 in Caucasians); therefore, these differences may
be caused by statistical power (Figure 2).

We conclude that pregnant women with
hypothyroidism and thyroid autoimmunity may have
an increased risk of preterm birth in different ethnic
groups. Thyroid autoimmunity may be a more
favorable factor leading to preterm birth among
pregnant women of different ethnicities, compared
with thyroid dysfunction. The association of
subgroups of thyroid antibodies with preterm birth
should be further investigated in the future studies.
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