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ABSTRACT

Objectives To evaluate the association between thyroid
autoantibodies and miscarriage and preterm birth in
women with normal thyroid function. To assess the effect
of treatment with levothyroxine on pregnancy outcomes in
this group of women.

Design Systematic review and meta-analysis.

Data sources Medline, Embase, Cochrane Library, and
SCISEARCH (inception-2011) without any language
restrictions. We used a combination of key words to
generate two subsets of citations, one indexing thyroid
autoantibodies and the other indexing the outcomes of
miscarriage and preterm birth.

Study selection Studies that evaluated the association
between thyroid autoantibodies and pregnancy
outcomes were selected in a two stage process. Two
reviewers selected studies that met the predefined and
explicit criteria regarding population, tests, and
outcomes.

Data synthesis Odds ratios from individual studies were
pooled separately for cohort and case-control studies
with the random effects model.

Results 30 articles with 31 studies (19 cohort and 12
case-control) involving 12 126 women assessed the
association between thyroid autoantibodies and
miscarriage. Five studies with 12 566 women evaluated
the association with preterm birth. Of the 31 studies
evaluating miscarriage, 28 showed a positive association
between thyroid autoantibodies and miscarriage. Meta-
analysis of the cohort studies showed more than tripling
in the odds of miscarriage with the presence of thyroid
autoantibodies (odds ratio 3.90, 95% confidence interval
2.48 to 6.12; P<0.001). For case-control studies the odds
ratio for miscarriage was 1.80, 1.25 to 2.60; P=0.002).
There was a significant doubling in the odds of preterm
birth with the presence of thyroid autoantibodies (2.07,
1.17t0 3.68; P=0.01). Two randomised studies evaluated
the effect of treatment with levothyroxine on miscarriage.
Both showed a fall in miscarriage rates, and meta-
analysis showed a significant 52% relative risk reduction
in miscarriages with levothyroxine (relative risk 0.48, 0.25
t0 0.92; P=0.03). One study reported on the effect of

levothyroxine on the rate of preterm birth, and noted a
69% relative risk reduction (0.31, 0.11 to 0.90).
Conclusion The presence of maternal thyroid
autoantibodies is strongly associated with miscarriage
and preterm delivery. There is evidence that treatment
with levothyroxine can attenuate the risks.

INTRODUCTION

Miscarriage, the loss of a pregnancy before 24 weeks of
gestation, affects up to one in five women who con-
ceive, making it the commonest complication of
pregnancy.' Preterm birth, delivery of a baby between
24 and 37 completed weeks of gestation, occurs in 6-
10% of pregnancies.” Up to 85% of neonatal deaths are
attributable to preterm birth (especially those deliv-
ered before 28 weeks). Of those who survive, around
10% have long term disability.> The cost of preterm
birth is £93m a year in the United Kingdom.? This
includes healthcare costs (including neonatal care),
education, and costs to the parents.

Citations identified (n=389)
= Excluded after screening titles and/or abstracts (n=332)

Articles retrieved for detailed evaluation (n=57):
From electrical search (n=57)
From reference (n=0)

Articles excluded (n=27):
Part duplicate data (n=0)
Data not extractable (n=6)
=~ No control group (n=1)
No group without exposure (n=2)
No data on pregnancy outcome (n=8)
Not primary study (n=10)

Articles included in systematic review (n=30)
Total studies (n=36)
Studies evaluating:

Miscarriage (n=31)

Preterm birth (n=5)

Fig 1| Flow chart of study selection in review of association
between thyroid autoantibodies and adverse pregnancy
outcome
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Events
Positive Negative Random effects Random effects
for thyroid for thyroid odds ratio (95% Cl) odds ratio (95% CI)
Women with recurrent miscarriages autoantibodies autoantibodies
De Carolis 2004%° 6/14 5/60 8.25 (2.04 to 33.44)
Pratt 1993% 8/13 4/29 _— 10.00 (2.15 to 46.51)
Rushworth 200022 10/24 30/81 L 1.21 (0.48 t0 3.07)
Subtotal (95% CI) 24/51 39/170 — 4.22 (0.97 to 18.44)
Test for heterogeneity: 12=1.27, x?=8.03, df=2, P=0.02, I’=75%
Test for overall effect: z=1.91, P=0.06
Women with subfertility
Kim 1998° 4/10 4/35 —_— 5.17 (1.00 to 26.60)
Muller 1999%° 4/12 8/42 e 2.13(0.51 to 8.85)
Negro 20052 11/21 82/318 _— 3.17 (1.30t0 7.73)
Negro 2007 8/58 21/869 6.46 (2.73t0 15.31)
Poppe 2003%* 9/17 20/87 _— 3.77 (1.29 to 11.05)
Poppe 20042 5/9 10/26 —_— 2.00 (0.43 t0 9.27)
Singh 19952° 28/106 49/381 — 2.43 (1.44t0 4.11)
Subtotal (95% CI) 69/233 194/1758 R 3 3.15 (2.23 to 4.44)
Test for heterogeneity: 12=0.00, y>=4.75, df=6, P=0.58, 1’=0%
Test for overall effect: z=6.50, P<0.001
Unselected or other populations
Bagis 2001%7 54/108 108/768 —— 6.11 (3.96 to0 9.38)
Ghafoor 200628 61/168 24/1332 — 31.07 (18.63 to 51.83)
Glinoer 199112 6/45 20/603 e — 4.48 (1.70 to 11.81)
Glinoer 1994% 6/87 20/606 R 2.17 (0.85 t0 5.56)
lijima 1997%° 13/125 52/951 —— 2.01 (1.06 to 3.80)
Lejeune 1993°? 5/23 16/340 e 5.63 (1.85to 17.08)
Sezer 2009°2 8/28 20/100 e — 1.60 (0.62 t0 4.16)
Sieiro Netto 2004°> 3/29 10/505 R 5.71 (1.48 t0 22.01)
Stagnaro-Green 1990°* 17/100 33/392 e 2.23(1.1810 4.19)
Subtotal (95% CI) 173/713 303/5597 o 4.28 (2.06 t0 8.92)
Test for heterogeneity: 12=1.07, y?=72.27, df=8, P=0.001, 1’=89%
Test for overall effect: z=3.89, P<0.001
Total (95% CI) 266/997 536/7525 R = 3.90 (2.48'10 6.12)
Test for heterogeneity: 12=0.74, x?=93.38, df=18, P<0.001, I1°=81%
Test for overall effect: z=5.91, P<0.001 0.01 0.1 1 10 100
Decreased in women Increased in women
positive for thyroid positive for thyroid

autoantibodies

autoantibodies

Fig 2| Association between thyroid autoantibodies and miscarriage in cohort studies

There is evidence that thyroid autoimmunity is an
importantrisk factor for miscarriage and pretermbirth.*
The presence of thyroid autoantibodies is relatively
common in women of reproductive age. In an “unse-
lected” population of women, the prevalence ranges
from 6% to 20%,*° being even higher in women with a
history of recurrentpregnancyloss, ataround 17-33%,%*
andinwomen withahistory of subfertility, ataround 10-
31%.7"" In the developed world, thyroid autoimmunity
isthe main cause of hypothyroidism, whichitself results
in poor obstetric outcomes. Even in women with bio-
chemically normal thyroid function, studies have re-
ported an association between the presence of thyroid
autoantibodies, particularly thyroid peroxidase anti-
bodies and adverse pregnancy outcomes, including
miscarriage, preterm birth, and adverse neurodevelop-
mental sequelae in children.'” " The exact mechanisms

of these associations are unknown, though two have
been proposed. Firstly, the presence of thyroid auto-
antibodies in women with normal thyroid function
could be associated with a subtle deficiency in the
availability of thyroid hormones (a fall in circulating
free thyroid hormones within the reference range) or a
lower capacity of the thyroid gland to adequately rise to
the demand for augmented synthesis of thyroid hor-
mones required in pregnancy.'* Given that minor per-
turbations in thyroxine concentrations within the
normalrange canleadtoanassociationbetween thyroid
autoantibodies and adverse pregnancy outcomes, trials
have been conducted to evaluate the effects of supple-
mentation with levothyroxine on pregnancy outcomes
in women with normal thyroid function who tested
positive for thyroid autoantibodies. Secondly, thyroid
autoantibodies might be an indicator of an underlying
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Events
Positive Negative Random effects Random effects
for thyroid for thyroid odds ratio (95% Cl) odds ratio (95% Cl)
Women with recurrent miscarriages toantibodies toantibodies
Bellver 2008%° 1/6 29/56 _— 0.19 (0.02 to 1.70)
Bussen 1995° 8/11 14/55 —_— 7.81(1.82t0 33.59)
Bussen 1997°¢ 11/13 17/43 _ 8.41 (1.65 to 42.76)
Dendrinos 2000%7 11/13 19/32 R — 3.76 (0.71t0 19.86)
Esplin 19987 22/50 52/99 —— 0.71 (0.36 to 1.41)
Iravani 2008%? 157/191 484719 e 2.24 (1.50 to 3.35)
Kutteh 19997 158/187 542/713 —— 1.72 (1.12t0 2.65)
Mecacci 20000 11/21 18/77 —_— 3.61 (1.32t0 9.86)
Pratt 1993% 14/33 41/122 —— 1.46 (0.66 to 3.19)
Schoenfield 2006 4/10 88/202 e m— 0.86 (0.24 to 3.15)
Subtotal (95% ClI) 397/535 1304/2218 ’ 1.86 (1.18 10 2.94)
Test for heterogeneity: 12=0.27, y?=23.79, df=9, P=0.006, 1’=62%
Test for overall effect: z=2.66, P=0.008
Women with subfertility
Bellver 2008°° 10/15 21/48 T 2.57 (0.76 t0 8.67)
Kutteh 19997 132/161 556/727 R 1.40 (0.90t0 2.17)
Subtotal (95% ClI) 142/176 577]775 Ko 1.50 (0.99 to 2.26)
Test for heterogeneity: 12=0.00, x?=0.85, df=1, P=0.36, 1’=0%
Test for overall effect: z=1.94, P=0.05
Total (95% ClI) 539/711 1881/2893 ‘ 1.80 (1.25 t0 2.60)
Test for heterogeneity: 12=0.19, y?=25.24, df=11, P=0.008, 1’=56%
Test for overall effect: z=3.17, P=0.002 0.01 0.1 1 10 100

Increased in women
positive for thyroid
autoantibodies

Decreased in women
positive for thyroid
autoantibodies

Fig 3| Association between thyroid autoantibodies and miscarriage in case-control studies

enhancedglobalautoimmunestate. Thisitselfcanhavea
directadverseeffectonplacental or fetal development.'

Given the importance of the potential association
between thyroid autoantibodies and adverse preg-
nancy outcomes, we systematically reviewed and
meta-analysed the association between thyroid autoan-
tibodies and miscarriage and preterm birth. Given the
possible role of levothyroxine in improving pregnancy
outcomes, we also reviewed the available randomised
evidence on the effect of treatment with levothyroxine
on pregnancy outcomes.

METHODS
This systematic review was conducted with a prospec-
tive protocol with widely recommended methods. "

Identification of studies

We searched Medline (1951-2011), Embase (1974-
2011), the Cochrane Library (2011), and SCISEARCH
(1974-2011) for relevant citations and examined the
reference lists of all known primary and review articles
to identify cited articles not captured by the electronic
searches. Language restrictions were not applied. We
used a combination of MeSH and text words to gener-
ate two subsets of citations, one indexing thyroid auto-
antibodies (“thyroid autoimmune antibodies”, exp
thyroid/ AND exp antibodies, thyroid AND autoim-
mune AND antibodies) and the other indexing

outcomes (“miscarriage”, “abortion”, “pregnancy
loss”, “preterm”, “premature”, “early labo(u)r”, “pret
$”). These subsets were combined with “AND” to gen-
erate a subset of citations relevant to our research ques-

tion.

Study selection and data extraction procedures
The electronic searches were scrutinised and two inde-
pendent reviewers (ST and EK) obtained full manu-
scripts of all citations that were likely to meet the
predefined selection criteria. Studies were selected if
they included women with normal thyroid function
who tested positive for thyroid autoantibodies, and
the outcomes included adverse maternal and fetal out-
comes. We excluded articles in which women were
known to have overt biochemical hypothyroidism or
hyperthyroidism. When disagreements occurred, they
were resolved by consensus and discussion with a third
reviewer (AC). In cases of duplicate publication, we
selected the most recent and complete versions.
Information was extracted from each selected article
on study characteristics, quality, and test results. Data
were used to construct 2x2 tables of thyroid autoanti-
body results (test positive if concentrations were above
a threshold as defined in the primary study, and test
negative if these were below the threshold) and preg-
nancy outcomes (miscarriage and preterm delivery).
We also extracted data on mean age and serum
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Positive for thyroid  Negative for thyroid
autoantibodies autoantibodies

Mean (SD) Total Mean (SD) Total

age (years) age (years)
Bagis 2001%7 27.7(6.2) 108 25.9(5.2) 768
Bussen 1995° 30.2 (4.8) 125 30.0 (4.3) 951
Glinoer 19912 31.3 (4.4) 4 32.6(4.3) 8
lijima 1997%° 29.0 (1.0) 45 27.0(1.0) 603
Kim 1998° 343(6.4) 9 31.2(6.7) 20
Lejeune 1993°? 28.2(9.5) 23 27.2(6.8) 340
Muller 1999%° 32.4(3.3) 25 32.4 (4.4) 148
Poppe 2003% 31.0(5.2) 8 30.3 (4.5) 14
Poppe 2004%° 33.02.9 13 34.0 3.4) 29
Pratt 1993% 33.0(5.00 9 31.0(5.0) 26
Total (95% CI) 369 2907

Test for heterogeneity: 12=1.02, x?=28.80, df=9, P<0.001, 1’=69%

Test for overall effect: z=1.83, P=0.07 -10

Mean difference Mean difference

(95% CI) (95% CI)
—— 1.80 (0.57 to 3.03)
- 0.20 (-0.68 to 1.08)
-1.30 (-6.54 to 3.94)
[ ] 2.00 (1.70 to 2.30)

3.10 (-2.01 t0 8.21)

_— 1.00 (-2.95 to 4.95)
—— 0.00 (-1.48 t0 1.48)
—_— 0.70 (-3.61 t0 5.01)
—a—— -1.00 (-3.00 to 1.00)
B 2.00 (-1.79t0 5.79)

r 0.87 (-0.06 to 1.80)

-5 0 5 -10

Fig 4| Comparison of age between women postive and negative for thyroid autoantibodies in included studies

concentrations of thyroid stimulating hormone and
free thyroxine. For the randomised trials, we extracted
data on study population, quality of the methods,
details of the interventions, and outcomes.

Assessment of quality of methods

We used the Newcastle-Ottawa scale'® to assess metho-
dological quality of the selected studies, with the com-
ponents of study design that are related to internal
validity. Information on adequacy of definition of
cases or cohorts, representativeness of the sample, selec-
tion and evaluation of controls, comparability, ascer-
tainment of exposure, and outcome were evaluated for
cohort and case-control studies.'® The study was consid-
ered to have low risk of bias if it scored a maximum of 4
for selection, 2 for comparability, and 3 for assessment
of outcome or ascertainment of exposure. Any study
that scored 1 or zero for selection or zero for compar-
ability or for outcome assessment was categorised as
having a high risk of bias. Studies that scored in between
were rated as having medium risk of bias.

We assessed quality of randomised trials evaluating
the effectiveness of levothyroxine according to appro-
priate randomisation, concealment of allocation,
blinding, analysis by intention to treat, and follow-up
rates. A quality score for the randomised trials was
given on Jadad’s scale."”

Data synthesis

Odds ratios from individual studies were pooled sepa-
rately for the cohort and case-control studies with the
random effects model. Heterogeneity of treatment
effects was evaluated graphically with forest plots and
statistically with y* and I* tests. We generated the
pooled mean difference in age and weighted mean dif-
ference in serum thyroid stimulating hormone
between groups with positive and negative results for
thyroid autoantibodies. All analyses were performed
with Stata 10.0 and Revman 5 statistical software.'®!?

RESULTS

Figure 1 summarises the processes of literature identi-
fication and selection of studies evaluating the relation
between thyroid autoantibodies and adverse preg-
nancy outcomes. From the 389 citations identified
from electronic and hand searches, we included 30 pri-
mary articles with 36 studies (31 for miscarriage and
five for preterm birth) in the systematic review.

Thyroid autoantibodies and miscarriage

Thirty one studies (12 126 women)*'?**! evaluated
the association between thyroid autoantibodies and
miscarriage. Nineteen studies were cohort studies,
and 12 were case-control studies. Thirteen studies
(three cohort, 10 case-control) evaluated the associa-
tion in women with recurrent miscarriage, nine studies
(seven cohort, two case-control) in women with subfer-
tility and nine cohort studies in unselected or other
populations. The studies were judged to have low risk
of bias for assessment of outcome (19/19 cohort stu-
dies) and ascertainment of exposure (12/12 case-con-
trol studies) on the Newcastle-Ottawa scale.'® Nearly
half the cohort studies (9/19) had low selection bias
and the others (10/19) had medium selection bias. All
the case-control studies had medium selection bias.
Eight of the 19 (42%) cohort studies had established
good comparability of the groups compared with
16% (2/12) of the case-control studies.

Appendix 1 on bmj.com provides details of the char-
acteristics of the women in the included studies. All
studies tested for thyroid peroxidase antibodies. Stu-
dies varied in the frequency and timing of the autoanti-
body testing, ranging from testing before pregnancy, in
early pregnancy, and after delivery or miscarriage. The
commonest threshold concentration of thyroid perox-
idase for a diagnosis of positive thyroid autoantibodies
was >100 U/ml. The various thresholds used to define
positivity for thyroid autoantibodies are in appendix 1
on bmj.com.
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Positive for thyroid
autoantibodies

Mean (SD) Total
age (years)

Negative for thyroid
autoantibodies

Mean (SD) Total
age (years)

Bagis 2001%7 1.86 (1.8) 108 1.17(0.9) 768

Iravani 2008’ 2.1(1.1) 157 1.87 (1.0) 484
Mecacci 2000°  3.62(2.5) 7 1.29(0.48) 4
Muller 1999%° 3.8(4.7) 12 1.8(1.0) 42
Muller 1999%° 3.5(3.6) 25 1.7(0.9) 148
Negro 20052 1.7(0.7) 36 1.6 (0.6) 412
Total (95% Cl) 345 1858

Test for heterogeneity: 12=0.01, x?=18.31, df=5, P=0.003, 1’=73%

Test for overall effect: z=2.67, P=0.007 -10

Weighted mean

Weighted mean
difference (95% Cl)

difference (95% Cl)

| 0.69 (0.34 to 1.04)
0.23 (0.04 to 0.42)
2.33 (0.42 to 4.24)
2.00 (-0.68 t0 4.68)
1.80 (0.38t0 3.22)
0.10 (-0.14 to 0.34)

0.51 (0.14 to 0.88)

-5 0 5 -10

Fig 5| Comparison of serum thyroid stimulating hormone (TSH) concentration between women positive and negative for thyroid

autoantibodies in included studies

Twenty eight of the 31 (19/19 cohort and 9/12 case-
control) studies showed a positive association between
thyroid autoantibodies and spontaneous miscarriage.
Meta-analysis of the cohort studies found more than
tripling in the odds of miscarriage in the presence of
thyroid autoantibodies (odds ratio 3.90, 95% confi-
dence interval 2.48 to 6.12; P<0.001) (fig 2). The
odds of miscarriage with thyroid autoantibodies was
increased for women with recurrent miscarriages
(4.22,0.97 to 18.44; P=0.06), women with subfertility
(3.15, 2.23 to 4.44; P<0.001), and unselected or other
populations (4.28, 2.06 to 8.92; P<0.001). There was
significant unexplained heterogeneity for studies in
women with recurrent miscarriage (I’=75%) and the
unselected population (I>=89%). There was no evi-
dence of heterogeneity for studies in women with sub-
fertility (I*=0%) (fig 2).

Meta-analysis of the 12 case-control studies also
showed an increase in the odds of miscarriage in
women with normal thyroid function and thyroid auto-
antibodies (1.80, 1.25 to 2.60; P=0.002) (fig 3). The
odds of miscarriage was increased in two subgroups:
women with recurrent miscarriage (1.86, 1.18 to 2.94;
P=0.008) and women with subfertility (1.50, 0.99 to
2.26; P=0.05).

As increasing maternal age is an “independent” risk
factor for miscarriage,"* we examined the difference in
the mean age of women who were positive or negative
for thyroid autoantibodies through a meta-analysis of
the 10 studies that reported age. There was no signifi-
cant difference between the groups (weighted mean dif-
ference 0.87 years, —0.06 to 1.80 years; P=0.07, fig 4).

To explore the hypothesis that women who are posi-
tive for thyroid autoantibodies have relative hypothyr-
oidism, we meta-analysed the serum thyroid
stimulating hormone concentrations in six studies.
The weighted mean difference for thyroid stimulating
hormone was significantly higher in the thyroid auto-
antibody positive group compared with the negative
group by 0.51 mIU/L (95% confidence interval 0.14
to 0.88; P=0.007), giving credibility to this hypothesis
(fig 5). There were insufficient data on serum free

thyroxine (fT4) and free triiodothyronine (T3) concen-
trations for meta-analysis.

Thyroid autoantibodies and preterm birth

Five studies®®****** including a total of 12 566 women
evaluated the association between thyroid autoantibo-
dies and preterm birth. All were cohort studies and had
low risk of bias for selection and outcome assessment
on the Newcastle-Ottawa scale.!® Three studies were
judged to have medium risk of bias and two as high
risk of bias for comparability of cohorts. All showed a
positive association between the presence of thyroid
autoantibodies and preterm births. Meta-analysis
showed an increase in the odds of preterm birth in
the presence of thyroid autoantibodies (2.07, 1.17 to
3.68; P=0.01) (fig 6).

Effect of levothyroxine treatment on pregnancy outcomes
Two randomised studies, including a total of 187
women, evaluated the effect of levothyroxine treat-
ment on pregnancy outcomes.”*" Both studies were
in women with normal thyroid function with thyroid
autoantibodies. One study was in unselected women**
and the other in women scheduled to have in vitro fer-
tilisation treatment.*® One used levothyroxine ata dose
of 1 pg/kg/day,” and the other used a titrated dose,
with a mean levothyroxine dose of 49.7 pg/day (SD
14 pg) in the treatment group.** The Jadad score'” for
quality of the studies was 5/5 and 3/5. Both studies
showed a reduction in miscarriage rates (36% and
75% relative reductions), and when the results were
pooled, there was a significant 52% relative risk reduc-
tion in miscarriages with levothyroxine (0.48, 0.25 to
0.92; P=0.03) (fig 7). One of the two studies reported on
preterm birth**; this study (n=115) found a 69% rela-
tive risk reduction in preterm births with levothyrox-
ine (0.31, 0.11 to 0.90).

DISCUSSION

Association of thyroid autoantibodies with adverse
pregnancy outcomes

Our systematic review and meta-analysis of the pub-
lished literature showed that in women with normal
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Events
Positive Negative Random effects Random effects
for thyroid for thyroid odds ratio (95% Cl) odds ratio (95% Cl)
autoantibodies autoantibodies
Ghafoor 2006%° 27/100 8/100 — 4.25 (1.82t0 9.92)
Glinoer 1994%° 14/87 48/606 . 2.23 (1.17 t0 4.24)
Haddow 2010% 90/1247 543/8423 - 1.13 (0.90 to 1.42)
lijima 1997%° 5/125 29/951 e 1.32(0.50 to 3.49)
Negro 20064 13/58 71/869 o 3.25 (1.67 to 6.30)
Total (95% Cl) 149/1617 699/10 949 <o 2.07 (1.17 t0 3.68)
Test for heterogeneity: 12=0.31, x?=18.12, df=4, P=0.001, 1’=78%
Test for overall effect: z=2.48, P=0.01 0.01 0.1 1 10 100

Decreased in women
positive for thyroid
autoantibodies

Increased in women
positive for thyroid
autoantibodies

Fig 6| Association between thyroid autoantibodies and preterm births

thyroid function, there is a strong association between
the presence of thyroid autoantibodies and poor obste-
tric outcomes, for both miscarriage and preterm birth.
The odds of miscarriage more than tripled and that of
preterm birth doubled in women with thyroid autoan-
tibodies.

Given the high prevalence of thyroid autoantibodies
in women of reproductive age group, these increases in
miscarriage and preterm birth are clinically highly
relevant at the individual and population level. We
showed that the increase in miscarriage rates in
women positive for thyroid autoantibodies could not
be accounted for by confounding factors such as a dif-
ference in age. Our review of the effectiveness of treat-
ment with levothyroxine has provided preliminary
evidence on its efficacy in reducing the rates of miscar-
riages and preterm births.

Fivereviews have examined the association between
thyroid autoantibodies and miscarriage,**'****® and
one has examined the association with preterm
birth.” Several new studies have emerged since these
reviews were completed, however, and the existing
reviews have used limited meta-analytical methods,
necessitating our review.

Pathogenesis of adverse pregnancy outcomes with thyroid
autoantibodies

The frequent presence of thyroid autoantibodies in sev-
eral non-thyroidal autoimmune diseases supports a
hypothesis of global immune dysfunction being rele-
vant to these clinical outcomes.* There is evidence
that there is an alteration in cytokine expression by per-
ipheral T lymphocytes in women positive for thyroid
antibodies outside of pregnancy.” Pregnancy is an
inflammatory process involving a shift in the regulation
of cytokine networks within the local placental-decidual
environment.”® Dysregulation of local inflammatory
processes can be associated with miscarriage and pre-
mature delivery.”’ The presence of thyroid autoantibo-
dies can reflect a generalised activation of the immune
system and specifically a dysregulated activity of the
immune system at the fetal-maternal interface. Thyroid
hormones can directly influence angiogenic growth

factor and cytokine production®*® as well as tropho-

blast proliferation, survival, and invasion.’** Further-
more, the presence of thyroid autoantibodies might be
a marker of underlying subtle alteration in thyroid
reserve. A reduction in the functional reserve of the
thyroid gland associated with reduced adaptation to
the physiological changes of pregnancy could contri-
bute to minor changes in circulating thyroid hormone
concentrations within the reference range.® The
increase in thyroid stimulating hormone concentrations
in euthyroid women with thyroid autoantibodies sup-
ports this hypothesis. There were insufficient data to
identify any differences in the concentrations of triio-
dothyronine (T3) between the two groups. We postulate
that treatment with levothyroxine might correct any
relative deficiency of thyroid hormones and impact on
both systemic immune regulation and the local placen-
tal-decidual environment.

Clinical implications of the findings
The prevalence of the thyroid autoantibodies in the
included studies varied between 5.4% and 31%. The
miscarriage rates ranged from 2.4% to 42.9%. The
association between thyroid autoantibodies and mis-
carriage was consistently strong across varying rates
of thyroid autoantibodies and miscarriages. The indi-
vidual studies used various assays for thyroid peroxi-
dase antibodies, each with different detection limits
and thresholds for test positivity, which were usually
predetermined by the assay manufacturer. The effect
size does not seem to be related to the threshold con-
centrations of thyroid peroxidase antibodies.

Although 28 of the 31 miscarriage studies and all five
preterm studies showed a positive association, there
was still unexplained heterogeneity in the meta-ana-
lyses for both miscarriage and preterm birth. The clin-
ical heterogeneity between the studies on the
population, test assay platforms, and thresholds used
and the quality features of the studies are likely to
have contributed to the statistical heterogeneity
observed.

The strength of inference on the effectiveness of
levothyroxine is weakened by the small number of
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Events
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Negro 2005% 8/24 11/21
Negro 2006 2/57 8/58
Total (95% CI) 10/81 19/79
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Fig 7| Effect of levothyroxine treatment in reducing miscarriage in women with normal thyroid function and thyroid

autoantibodies

studies. There have been only two small randomised
trials involving a total of 187 women. One of them was
not placebo controlled. To obtain a definitive answer
on the role of levothyroxine in reducing miscarriages
and preterm births a large placebo controlled rando-
mised trial is needed with live births as the primary
outcome. The two randomised studies included in the
review did not find any safety concerns for the mother
or the baby; specifically there were no instances of
hyperthyroidism (resulting from overtreatment with
levothyroxine). As the randomised trials were small
and the follow-up was only to the end of pregnancy,
however, these trials were not suitable for assessing
rare or long term adverse events. Furthermore, the
two trials on this topic have been conducted in the
same research unit, with possible implications to the
generalisability of the findings.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

Thyroid autoantibodies are relatively common in women of reproductive age

Thyroid autoimmunity might be associated with adverse pregnancy outcomes

WHAT THIS STUDY ADDS

In women with normal thyroid function and thyroid autoantibodies the risk of miscarriage is

more than tripled and the risk of preterm birth is doubled

Treatment with levothyroxine can halve the risk of miscarriage in women with normal thyroid

function and thyroid autoantibodies
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Appendix 1 Clinical characteristics of the studies included in the systematic review of
pregnancy outcomes in euthyroid women with thyroid auto-antibodies [posted as supplied by author]

a) Cohort studies

Study Population Test
Study Quality Number of Prevalence Inclusion criteria Exclusion Any Description of test  Timing of Frequency Cut off level Outcome
(Year) patients of thyroid criteria intervention testing of testing
Language auto-
antibodies
DeCarolis Cohort 203 non- 18.9% 203 non-pregnant Other possible High dose Incomplete, Non pregnant- Once Positive TPO Miscarriage
(2004) Prospective pregnant women with primary  causes of intravenous Thyroid peroxidase  not specified >80 IU/ml,
English Unreported women with antiphospholipid recurrent immunoglobulin  (TPO) and the time of test Positive TG >
patient primary anti- syndrome miscarriage (IvIg) Thyroglobulin in relation to 80 IU/ml
enrolment phospholipid (antiphospholipid (genetic, (Flebogamma, (TG)- last pregnancy
Not blind syndrome antibodies and anatomic, Grifols, Pisa, radioimmunoassay
Population recurrent hormonal, etc), Italy) once
described 162 controls miscarriage) autoimmune pregnancy is
Test described Control group- 162 disease (except confirmed by a
Complete non-pregnant women  antiphospholipid positive serum
follow up with recurrent positive) BHCG and
miscarriage and gestational sac
negative thyroid on ultrasound
autoimmunity and
antiphospholipid
antibodies
Pratt (1993) Cohort 42 non- 31.0% Non-pregnant women ~ Women with Patients with Complete, TPO > 6 months pre 2 times Cut off not First trimester
English Prospective pregnant with > 3 consecutive  other obvious possible luteal and TG- Kalibre pregnancy and stated, but miscarriage
Unreported women with pregnancy losses causes for phase defect Radio ImmunE 4 to 6 weeks range of levels
patient recurrent pregnancy loss- with Assay (RIA) kits from last given and
enrolment miscarriage significant progesterone menstrual absolute levels
Not blind uterine period as for antibody
Population anomalies, pregnancy is positive,
described uterine myomas, diagnosed from associated
Test described parental rising hCG normal TSH
Outcome chromosomal (human 0.35-7.0
described abnormalities, chorionic microlU/ml,
Complete autoimmune gonadotrophin) associated
follow up abnormalities normal fT4 0.9-
among 2.1 ng/dl
phospholipid
antibodies
Rushworth Cohort 870 with 22.9% Attending recurrent Couples with None TPO- Serodia Pre pregnancy Once TG 1 in 100, First and
(2000) Prospective recurrent miscarriage clinic, 3 abnormal ATM, TG- TPO 1 in 400, second
English Consecutive miscarriages or more miscarriages  karyotype, Japanese Serodia associated trimester
patient 105 thyroid ATG particle normal TSH miscarriage
enrolment pregnancies dysfunction, agglutination Kits 0.5-5.0 mIU/1
Not blind maternal history
Test described of thyroid
Outcome not dysfunction-
described although treated
Follow up not
complete
Kim (1998) Cohort 28 euthyroid  22.2% Tubal factor or Positive None Inconclusive, TPO 6 months pre Once Positive Miscarriage
English Prospective infertile unexplained antinuclear and TG- pregnancy TPO>100 U/ml,




Unreported women with infertility antibody, lupus radioligand assay Positive TG
patient antithyroid Control group- coagulant, >100 U/ml
enrolment antibodies euthyroid women anticardiolipin
Not blind (cases) and without antithyroid antibody or
Complete 51 controls antibodies who rheumatoid factor
follow up underwent in vitro
fertilisation (IVF) &
embryo transfer (ET)
(IVF-ET Embryo
transfer)
Muller Cohort 173 final 22.2% Attending IVF No consent, None TPO- RIA (Radio Pre pregnancy, 1-2 times Positive TPO>  Miscarriage
(1999) Prospective patients (Invitro fertiliSation) ~ unable to immune assay) after 80 U/ml,
English Arbitrary consented program determine if TPO miscarriage or associated
patient (54 became antibodies were within first normal TSH
enrolment pregnant) present trimester 0.2-4.5
Not blind pregnancy if microlU/ml
Test described ongoing
Outcome pregnancy
described
Complete
follow up
Negro Cohort 484 infertile 6.2% Infertile women Overt thyroid 36 TPO patients  TPO- Pre pregnancy Once Positive TPO Miscarriage
(2005) Prospective women undergoing a first dysfunction (Group A) radioimmunoassay  (before >100 kIU/, rates (included
English Unreported undergoing assisted reproduction underwent kit undergoing associated early pregnancy
patient assisted technology, all levothyroxine ART), Thyroid normal TSH loss-
enrolment reproductive patients underwent (LT4) treatment Function Tests 0.27-4.2 mIU/l,  biochemical)
Blinding technology ovarian induction 1 month before (TFTs) checked associated Pregnancy rates
Test described (ART)- 72 ART and on Group A normal fT4 9.3-  Delivery rates
Complete TPO positive throughout patients 1 18.0 ng/1 (12-
follow up (of which 36 pregnancy month after 33.5 pmol/l)
in Group A LT4 started and
(treatment) before starting
and 36 in ART
Group B
(placebo)
The other
412 in Group
C-TPO
negative
Negro Cohort 255 infertile 6.3% Infertile women Women > 35 None TPO- RIA kit TPO and TFTs Once PositiveTPO Delivery rate
(2006) Retrospective women who undergoing first ART  years of age, checked before >100 kU/I, Pregnancy
English Unreported underwent procedure during overt thyroid ART, then associated Miscarriage
patient assisted study period dysfunction TFTs at 12 and normal TSH
enrolment reproductive 30 weeks 0.27-4.2 mU/1,
Not blind technology gestation associated
Test described normal fT4 9.3-
18.0 ng/1 (12-
33.5 pmol/l)
Poppe Cohort 234 infertile 16.3% Attending Center for ~ Overt thyroid None TPO- RIA kit Pre pregnancy Once Positive TPO Miscarriage
(2003) Prospective female Reproductive dysfunction & pre ART >100 kU/1,
English Unreported patients Medicine before a normal TSH
patient first ART cycle, all 0.27-4.2 mU/1,
enrolment patients received normal fT4 9.3-
Not blind controlled ovarian 18.0 ng/1 (12-
Complete superovulation 33.5 pmol/l)
follow up




Poppe Cohort 35 infertile, 25.7% Infertile, euthyroid Not mentioned None Complete, TPO- >20 days before ~ Once Positive TPO First trimester
(2004) Prospective post-ovarian women with an RIA kit a first assisted >100 kU/I, miscarriage
English Unreported hyperstimula ongoing pregnancy (B.RAAHM.S. reproductive associated
patient tion after having ovarian Diagnostica, technology normal TSH
enrolment women hyperstimulation Berlin) (ART), then 0.27-4.2 mU/L ,
Not blind TFTs associated
Population monitored normal fT4 9.3-
described every 20 days 18.0 ng/liter
Test described after ovulation (12-23.2
Outcome induction pmol/l)
described during first
Complete trimester
follow up
Singh (1995)  Cohort 487 infertile 21.8% Successfully None None Inconclusive, TPO  Stored serum- Once Index ratio Miscarriage
English Retrospective patients who conceived with & TG- enzyme 14 day post compared to (clinical,
Unreported conceived assisted reproductive immunoassay embryo transfer patient- reflects ~ biochemical,
patient with ART techniques (ART) (hCG >5) ratio of patient ectopic
enrolment specimen pregnancy),
Not blind absorbance to delivered
Test described the absorbance
Complete of a positive
follow up reference ,
positive sample
antibody index
>3.8
Bagis (2001) Cohort 902 women 12.3% First visit to the Without consent, None TPO & TG- 12 weeks, 8 times Positive TPO Recurrent
English Retrospective consented, antenatal clinics, no abnormal thyroid IMMULITE between 32 to >35 IU/ml, miscarriage
Unreported 876 history of thyroid function autoanalyser using 36 weeks, and positive TG 1 year post
patient completed disorder, women who a chemi then every 2 >40 iu/ml, partum follow
enrolment the study had been seen at least luminescent months associated up
Not blind twice in the enzyme postpartum normal TSH
Test described postpartum period immunometric until 1 year 0.3-4.0
assay after delivery microU/ml,
associated
normal £T4 9-
25 pmol/ml
Ghafoor Cross-sectional 1500 11.2% All euthyroid Not mentioned None TPO - ELISA, Not mentioned Once Positive TPO >  Miscarriage
(2006) Prospective euthyroid pregnant women inhouse assay 100 U/ml Preterm
English Unreported pregnant registered at antenatal reagents livery
patient women clinic, aged 18-40 FT4 & TSH-
enrolment ELISA kits
Not blind
Population
described
Test described
Outcome
described
Complete
follow up
Glinoer Cohort 726 6.9% Euthyroid, pregnant Overt thyroid None TG- solid phase <20 weeks in 3 times Positive TG Miscarriage
(1991) Prospective pregnant women dysfunction RIA more than 70% >30 microg/L,
English Not blind women thyroid TPO- DYNO-test of pregnancies, Positive TPO
Population autoimmunity, anti-TPO kit at 32 weeks >100 U/ml
described goiter, nodules or gestation, 3
Test described past thyroid days after

3



Complete disorder delivery
follow up
Glinoer Cohort 87 euthyroid 12.6% Consecutive Women with None Complete, TPO- Each trimester Sequential Positive TPO Miscarriage
(1994) Prospective women & euthyroid pregnant positive thyroid DYNO-test anti- and 3-4 days during >150 U/ml, Preterm
English Consecutive positive women attending antibodies and TPO kit post delivery gestation to positive TG > delivery
patient thyroid prenatal clinic abnormal thyroid TG- RIA (sequential) parturition-4 50 U/ml, Neonatal
enrolment antibodies without previous function (hypo- developed times associated weight, height,
Not blind (cases) history of thyroid and following the normal TSH cranial
Test described Control disease, positive hyperthyroidism) method of 0.2-4.0 mU/ perimeter,
Complete group- 606 thyroid antibodies Delespesse Apgar score
follow up healthy
pregnant
women
Iijima (1997)  Cohort 1179 11.6% Healthy pregnant Multifetal None TPO & TG 6 to 14 weeks Once Positive TPO>  Miscarriage
English Prospective pregnant women gestations, hemagglutination gestation 1in 100, Preterm
Unreported women antiphospholipid or particle Positive TG>1 livery
patient autoantibodies or aggregation Kkits in 100 Pregnancy-
enrolment lupus induced
Not blind anticoagulant hypertension
Population Stillbirth
described Birth weight
Test described Any
Outcome Iformations
described
Complete
follow up
Lejeune Cohort 730 6.3% Attending antenatal Women not None TG- solid phase First trimester Not specified  Positive TG First and
(1993) Prospective consecutive clinic- euthyroid assessed < 14 RIA, TPO- pregnancy >100 U/ml, second
English Arbitrary pregnant pregnant women weeks gestation DYNO-test anti- Positive TPO trimester
patient women TPO kit >150 U/ml miscarriage
enrolment Pregnancy
luced
pertension
Sieiro Netto Cohort 534 pregnant  5.4% Attended antenatal Overt thyroid None Complete, TPO- During Once Positive TPO Miscarriage <
(2004) Prospective women clinic- euthyroid, dysfunction ICMA method pregnancy >40 U/ml, weeks
English Unreported pregnant women associated Live birth
patient normal TSH
enrolment 0.4-3.8 mU/I,
Not blind associated
Test described normal £T4 0.8-
Complete 2.0 ng/dl
follow up
Stagnaro- Cohort 552 pregnant  20.3% First trimester None None Complete, TPO 6 to 13 weeks Once ELISA index First and
Green (1990)  Prospective women pregnant women < 13 and TG- specific during reference, second trimester
English Consecutive weeks sensitive ELISAs pregnancy normal range miscarriage
patient for thyroid
enrolment autoantibody
Not blind ELISAs < 0.20,
Population normal T4 58-
described 161 nmol/l
Test described
Sezer (2009)  Cohort Euthyroid 21.9% All euthyroid women ~ Women with None Serum TSH, free Once during Twice Positive TPO Miscarriage,
English Prospective 128 pregnant (aged 18-39) had a habitual T,, TPO and TG- first trimester of >34 IU/ml, ¢ births




Population women history of maximum miscarriage, Roche E170 gestation and 1 Positive TG >
described one abortus without miscarriage with month after live 115 IU/ml,
Not blind any previous known causes birth or normal TSH
Test described endocrinological, (anatomical miscarriage 0.3-4.5 mIU/L,
Outcome immunological defects, genetic normal free Ty
described disorders. abnormalities, 10-22 pmol/l
Complete autoimmune
follow up disorders) or in
vitro fertilisation
Haddow Cross-sectional 9670 14.6% All euthyroid Women with None TPO and TG Tests in first Twice Positive TPO Preterm
(2010) Prospective euthyroid pregnant women unknown measured using the  and second >35IU/ml delivery <37
English Unreported pregnant registered at antenatal  hypothyroid Immulite 2000 trimester Positive TG weeks and 32
patient women, 392 clinic, with viable status methodology >401U/ml weeks
enrolment hypothyroid single pregnancy. Birth weight <
Not blind pregnant Thyroid related 2.5kg
Population women measurements were Preterm
described available in the first Premature
Test described and second trimester Rupture Of
Outcome and gestational age Membranes
described was established by
Complete ultrasonography.
follow up Included cohort was
participants in the
FaSTER First and
Second Trimester
Risk of Aneuploidy
study.
b) Case-control studies
Study Population Test
Study Quality Number of Inclusion criteria Exclusion Any Description of test ~ Timing of Frequency of Cut off level Outcome
(Year) patients criteria intervention testing testing
Language
Bellver Case-control 31 women with Cases- less than 38 Not mentioned  None Complete, TPO & >3 months Once Positive TPO Recurrent
(2008) Retrospective unexplained years of age, normal TG- 2-site post >25 Ul/ml, miscarriage
English Unreported infertility, 26 karyotype, normal immunoluminomet  pregnancy Positive TG
patient women with ovarian function, ric assay (sandwich >100 Ul/ml
enrolment implantation normal uterus, no principle)
Population failure, 30 endocrine or
described women with autoimmune
Test described recurrent disorders, at least 2
Outcome miscarriage clinical miscarriages
described (cases) Control group- 32
Complete oocyte donors of 18-
follow up 32 controls 35 years of age, all

Caucasian, with
normal karyotype, no
history of
spontaneous
abortion,
autoimmune




disorders or
endocrine diseases,
and previous term
pregnancies without
complications.

Bussen Case-control 22 euthyroid, 22 non-pregnant Significant None Complete, TPO >6 months Once TPO >100 Miscarriage
(1995) Retrospective non pregnant women with >3 uterine &TG- ELISA kits;  post IU/ml, TG
English Unreported women with consecutive abnormalities pregnancy >100 IU/ml
patient recurrent pregnancy losses or parental
enrolment miscarriage (only 2 women had I~ chromosomal
Not blind (cases), live birth before abnormalities
Population 44 controls consecutive losses)
described without Control group-
Test described endocrine random selection of
Outcome dysfunction women between 2
described and 6 term
Complete pregnancies and had
follow up no history of
previous abortions.
Bussen Case-control 28Recurrent Euthyroid non- Systemic lupus  None TPO & TG- >6 months Once Positive TPO Recurrent
(1997) Retrospective miscarriage pregnant habitual erythematodes, ELISA kits post >100 IU/ml, miscarriage
English Not blind (cases) aborters (only 2 of 28  uterine pregnancy Positive TG
Population women had a live abnormalities, >100 IU/ml
described 28 controls birth before their abnormal
Test described consecutive losses) chromosome,
Outcome Control group- autoimmune
described multigravidae diseases
Complete without previous
follow up abortions or
endocrine
dysfunctions
Dendrinos Case-control 30 women with 3 or more Known causes None Inconclusive, TPO >6 months Once Positive range Recurrent
(2000) Retrospective recurrent consecutive of recurrent & TG- post for this assay miscarriage
English Unreported miscarriages pregnancy losses miscarriages- chemiluminescence  pregnancy >2 [U/ml,
patient (cases) and 15 Control group- fertile sandwich associated
enrolment controls women with 1 to 2 immunoassay normal TSH
Not blind live births 0.5-4.6
Complete microlU/ml
follow up
Esplin Case-control 74 non- > 3 consecutive Identifiable Daily Complete, IgG >6 months Once Not stated, Recurrent
(1998) Retrospective pregnant pregnancy losses cause of progesterone TPO and IgG TG- post associated miscarriage
English Arbitrary women with with < 1 previous pregnancy vaginal radioimmunoassay  pregnancy normal TSH
patient recurrent live birth, negative losses, suppository if kits 0.2-5.0
enrolment miscarriage lupus anticoagulant pregnant luteal-phase microU/ml
Blinding (cases) and 75 and < 20 IgG within 6 defect present
Test described healthy controls ~ phospholipid binding  months before
units of included into
anticardiolipin study
antibodies
Iravani Case-control 641patients Recurrent Abnormal None Complete, TPO- >6 months Once TG >125 Recurrent
(2008) Retrospective with recurrent miscarriage before 20 thyroid ELISA post IU/ml, TPO > miscarriage
English Consecutive or miscarriages weeks and previous >  function tests, TG- ELISA pregnancy 40 IU/ml,
arbitary patient  (cases) and 296 3 consecutive positive method normal TSH
enrolment controls miscarriages antiphospholip 0.4-4 mIU/L,
Not blind Control group- id antibodies, normal T4 4.5-




Population randomly recruited positive 10.9 microg/dL,
described from women who cervical normal T3 60-
Test described had delivered during culture, 181 ng/dL
Outcome the study period anatomic
described abnormalities,
Complete abnormal
follow up karyotype,
abnormal
hormonal
profile and
known or
treated thyroid
disease
Kutteh Case-control 688 infertile Women undergoing Those None TPO and TG- At least 3 Once Positive TPO Recurrent
(1999) Retrospective women assisted reproductive  undergoing ELISA tests kits months after > 65 IU/ml miscarriage
English Unreported undergoing Women with at least ART with pregnancy or Positive TG >
patient ART (Assisted 2 consecutive more than one miscarriage 120 IU/ml
enrolment reproductive pregnancy losses pregnancy loss before ART
Not blind techniques), (cases). or known cycles (pre
Population 700 women Control group- thyroid disease pregnancy)
described with recurrent healthy, non- Those with > 2
Test described miscarriage pregnant, consecutive
Outcome (cases), reproductive-aged, pregnancy
described Control- 200 parous women losses and
Complete healthy women  without reproductive ~ known thyroid
follow up problems disease
Mecacci Case-control 360 initially for ~ Referrals for Pre None None Inconclusive; TPO-  >6 months Once TG >50iu/ml, Recurrent
(2000) Retrospective Preconception conception RIA Kkits post TPO >10iu/ml,  miscarriage
English Unreported counseling counseling (history TG- RIA Kkits pregnancy associated TSH,  Pre-eclampsia
patient (PCC)- 69 cases  of recurrent associated Fetal death
enrolment and 69 control miscarriage, fetal normal free T3
Not blind death or 2.6-5.6 pg/ml
Population preeclampsia), 2 or and free T4 7.8-
described more spontaneous 18.4 pg/ml
Test described miscarriage < 12
Outcome weeks, > 1
described unexplained fetal
Complete death more than 12
follow up weeks, BP more than
140/90 mmHg on 2
occasions 6 hours
apart and proteinuria
> 0.3 g/1/24 hour in
previous gestations)
Control group- no
history of thyroid
disorders or obstetric
complications, age,
gravidity and parity
matched.
Pratt (1993) Case-control 45 women with Women with Not mentioned  None Complete, TPO Non Once Positive TPO > Recurrent
English Retrospective recurrent recurrent miscarriage and TG- Kalibre pregnant- not 0.3 U/ml, miscarriage
Unreported miscarriage (3 or more radioimmunoassay  specified the Positive TG >
patient (cases) consecutive first- or kits time of test 0.3 U/ml,
enrolment 100 controls second- trimester in relation to associated
Not blind losses) last normal TSH




Population Control group- pregnancy 0.35-7.0
described normal blood donors, microlU/ml,
Test described aged 18-68 years associated
Complete normal fT4
follow up 0.9-2.1 ng/dl
Shoenfeld Case-control 269 non Cases- recurrent Women being None Inconclusive, TG Non Once Not stated Recurrent
(2006) Retrospective pregnant clinic pregnancy loss pregnant at the and TPO- enzyme-  pregnant- not miscarriage
English Unreported (cases) — 109 (RPL), unclassified time of testing linked specified the
patient recurrent pregnancy loss, immunosorbent time of test
enrolment pregnancy loss,  infertility, previous assay kits in relation to
Complete 69 infertility, 3 ectopic pregnancy, last
follow up infections, 5 infections, pregnancy
ectopics, 63 autoimmune
unclassified diseases. Patient
pregnancy loss attending
120 controls gynaecology,

immunology or
obstetrics clinics
Control group-
healthy volunteers
age-matched to the
cases






