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Abstract

Purpose To evaluate the benefits of LT4 treatment on pregnancy outcomes in SCH women.

Study design PubMed [including Medline], Web of Science, Wiley, Google Scholar, Science direct and Scopus were searched
for identifying and retrieving all English articles published up to May 2018 on the effects of levothyroxine treatment on
pregnancy outcomes in pregnant women with SCH compared to untreated or healthy controls. In this systematic review
and meta-analysis, both fixed and random effect models were applied to estimate the pooled effect size. Heterogeneity and
publication bias were evaluated using the I-squared (/%) and Begg’s statistics, respectively. We also explored heterogeneity
sources using meta-regression models and sensitivity analysis.

Results Data of 13 cohort studies and randomized controlled trials with a total of 11,503 participants were analyzed. This
meta-analysis showed that pregnant women with SCH treated with levothyroxine had lower chances of pregnancy loss (OR
0.78, 95% CI 0.66-0.94; I’ =0%) and higher chances for live birth rates (OR 2.72, 95% CI 1.44-5.11; > =25%) than the
placebo group. Compared to euthyroid women, SCH patients treated with levothyroxine had higher odds ratio for preterm
labor (OR 1.82,95% CI 1.14-2.91; *=0%).

Conclusions Results of this study showed that the effects of treatment with levothyroxine in SCH pregnant women are not
the same for all pregnancy outcomes. Levothyroxine treatment in these patients can reduce pregnancy loss. Considering the
limited number of studies available, further studies are warranted to document more precise data on other consequences.
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Introduction

Subclinical hypothyroidism (SCH) is defined as elevated
thyroid stimulating hormones (TSH) with normal levels of
free triiodothyronine (FT3) and free thyroxine (FT4) [1].
It is the most common thyroid dysfunction during preg-
nancy, with its prevalence varying between 4 and 13%,
based on different cutoff values for TSH, various ethnici-
ties, iodine consumption and nutritional life style as well
as study designs [2, 3].

Several observational studies demonstrate the asso-
ciation between subclinical hypothyroidism during preg-
nancy and adverse pregnancy outcomes, including preg-
nancy loss, gestational diabetes, gestational hypertension,
preeclampsia, intrauterine growth restriction, placental
abruption, premature rupture of membranes, preterm
delivery, low birth weight, small for gestational age, low
Apgar score, fetal and neonatal distress, neonatal death,
and decreased IQ in the offspring [4—8]. Although thyroid
peroxidase antibody (TPOADb) status has not been reported
in the majority of these investigations, prospective stud-
ies suggest higher rates of pregnancy complications in
both SCH-TPOAb* and SCH-TPOAb™ pregnant women
[8, 9]. There were some studies that retrospectively com-
pared the pregnancy outcomes of women with SCH who
received LT4 with those of women not receiving it, and
reported a possible beneficial effect for LT4, in terms of
pregnancy outcomes [10]. Additionally, there was only
one randomized clinical trial that investigated the effect
of levothyroxine (LT4) in TPOAb™ pregnant women with
subclinical hypothyroidism [11], and the rest were con-
ducted among TPOAb* women [9, 12] or both TPOAb™
and TPOAb™ subjects [13, 14]. There were several meta-
analyses, mainly based on observational studies, reporting
a potential additional risk of adverse pregnancy outcomes
in SCH pregnant women [1, 15—17] that basically focus on
the adverse pregnancy outcomes rather than the benefits
of receiving LT4. One meta-analysis assessing the ben-
eficial effect of LT4 on pregnancy outcomes of infertile
women, based on three available trials, reported a signifi-
cantly lower rate of miscarriage in women who received
LT4 [18], results, however, not generalized to the whole
population.

Despite several guidelines developed by the American
Thyroid Association (ATA) [19], The European Thyroid
Association [20] and the Endocrine Society (ES) [21],
and the universal consensus on adverse effects of overt
hypothyroidism on pregnancy outcomes, and the strong
recommendation for LT4 treatment of these women during
pregnancy, no consensus has yet been reached on whether
or not to treat subclinical hypothyroid (SCH) women
for improving pregnancy outcomes, and the uncertainty
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regarding the prescription of levothyroxine therapy in pre-
venting the adverse outcomes still remains [20].

The aim of the current systematic review and meta-
analysis was mainly to assess the effect of levothyroxine
treatment on pregnancy outcome in women with subclini-
cal hypothyroidism.

Materials and methods

This systematic review and meta-analysis was designed
according to the reporting items for systematic reviews and
meta-analyses referred to in the PRISMA statement to assess
the following objectives:

1. To assess the odds ratios of adverse pregnancy outcomes
in subclinical hypothyroid women treated with levothy-
roxine compared to untreated controls.

2. To assess the odds ratios of adverse pregnancy outcomes
in subclinical hypothyroid women treated with levothy-
roxine compared to healthy controls.

Search strategy

A comprehensive electronic literature search was performed in
PubMed [including Medline], Web of Science, Wiley, Google
Scholar, Science direct and Scopus databases, for retrieving
English articles published from inception to May 2018 regard-
ing the effects of levothyroxine treatment on pregnancy out-
comes in pregnant women with subclinical hypothyroidism,
compared to untreated or healthy controls.

Before initiation of the study, searches were conducted
independently by the authors to determine the eligibility cri-
teria. First, the search in Pubmed was performed, based on
MESH using the following keywords (alone or in combina-
tion): (“levothyroxine” OR “LT4” OR “thyroxine supplemen-
tation”) AND (“subclinical hypothyroidism” OR “SCH”)
AND (“pregnancy outcomes” OR “abortion” OR “miscar-
riage “OR “pregnancy loss” OR “fetal death” OR “stillbirth”
OR “preeclampsia” OR “gestational hypertension” OR “PIH”
OR “gestational diabetes” OR “GDM” OR “hemorrhage” OR
“postpartum hemorrhage” OR “PPH” OR “placenta abrup-
tion” OR “placenta previa” OR “preterm” OR “prematurity”
OR “premature rupture of membrane” OR “PROM” OR
“intrauterine growth restriction” OR “IUGR” OR “small for
gestational age” OR “low birth weight” OR “LBW” OR “oli-
gohydramnios” OR “apgar” OR “fetal distress” OR “neona-
tal distress” OR “RDS” OR “neonatal death” OR “neonatal
admission” OR “NICU admission” OR “malformation”).
Search strategy was almost similar for all databases. Search
limitations were humans and English language. Searches were
conducted based on ‘all fields’ in the PubMed and on ‘titles,
abstracts and keywords’ in other databases. In addition, the
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reference lists of included studies were reviewed to retrieve
additional publications that could be used in this review.

Eligibility criteria

We searched studies restricted to English published papers
from inception to May 2018. Studies were eligible if they
had: (1) a study population including pregnant women with
subclinical hypothyroidism diagnosed by any criteria, who
had been treated with levothyroxine; (2) assessed at least
one pregnancy outcome, including pregnancy loss (abor-
tion, fetal death or stillbirth), hypertension, preeclampsia,
gestational diabetes, antenatal or postpartum hemorrhage,
placenta abruption, placenta previa, preterm, premature rup-
ture of membrane (PROM), Intrauterine growth restriction
(IUGR), low birth weight (LBW), small for gestational age,
fetal or neonatal distress, low Apgar score, neonatal death,
malformation, neonatal admission or NICU admission.

We also excluded: (1) non-human studies, reviews, com-
mentaries, editorials, letters, meeting abstracts, case reports
and cross-sectional and case—control studies; (2) studies
that had a population with only overt hypothyroidism or
hyperthyroidism; (3) studies that did not provide accurate
and clear data or methods and (4) studies without a control

group.
Study selection

All relevant RCTs or cohort studies assessing the effect
of LT4 therapy compared to placebo or no treatment on
pregnancy outcomes of pregnant women with subclinical
hypothyroidism were selected for the meta-analysis. At least
one of the pregnancy outcomes mentioned above had to be
reported.

We screened the search results based on pre-defined eligi-
bility criteria. Initial selection was performed based on study
titles. After deleting duplicates, we reviewed the abstracts
of all remaining records. Any disagreement in the selec-
tion of abstracts was resolved by consensus or by another
reviewer (FRT). Full-text articles of all selected abstracts
were obtained for reviewing and data processing.

Data extraction

Two reviewers performed data extraction from full texts
and checked the data extracted to eliminate errors. For each
study, the following information was extracted: authors, year
of publication, study design, intervention, characteristics
of study population and outcome assessment. To prevent
extraction errors, all reviewers performed a quality control
check between the final data used in the meta-analysis and
the original publications.

Quality assessment

Two reviewers, who were blinded to study author, institu-
tion, journal name, volume and page, assessed the quality of
each study separately. Disagreement was resolved by other
reviewers.

All the studies used in this meta-analysis were critically
evaluated using the modification of the Newcastle—Ottawa
Quality Assessment Scale (NOS) of nonrandomized stud-
ies [22] for cohort studies, and the CONSORT 2010 check-
list [23] for randomized controlled trial studies (RCTs).

The CONSORT 2010 checklist provides guidance for
reporting all randomized controlled trials. We used the
method and results section to evaluate the quality of RCTs.

Studies with scores > 70% of the highest level of CON-
SORT checklist or NOS were considered as having good-,
40-70% as fair-, and <40% as poor quality.

Risk of bias assessment

Risk of bias for each included study was assessed using the
Cochrane Collaboration’s tools; these tools were designed
for various methodological studies including RCTs and
observational studies such as cohorts.

Six domains related to risk of bias were assessed for
each RCT, including random sequence generation, alloca-
tion concealment, blinding of participants and personnel,
blinding of outcome assessment, incomplete outcome data,
and selective reporting.

For cohort studies, seven domains of risk of bias were
assessed including selection of exposed and non-exposed
cohorts, the assessment of exposure, presence of the out-
come of interest at initiation of study, control of prognostic
variables, assessment of the presence or absence of prog-
nostic factors, outcome assessment, and adequacy of the
cohorts’ follow-ups.

Judgments of the review authors regarding bias were
categorized as “low risk”, “high risk”, and “unclear risk’’
of bias for RCTs, and as “definitely No (low risk of bias)”,
“probably no”, “definitely yes (high risk of bias)” and
“probably Yes” for cohort studies.

Outcome measures

Maternal, fetal and neonatal outcomes of interest were
categorized into five composite outcomes, including (1)
pregnancy loss (abortion, fetal death and still birth), (2)
adverse maternal complications (gestational hyperten-
sion, preeclampsia and gestational diabetes), (3) obstet-
rical hemorrhage (antenatal hemorrhage, postpartum
hemorrhage, placenta abruption, and placenta previa), (4)
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preterm/LBW (preterm labor, PROM, IUGR and LBW)
oligohydramnios, and (5) adverse neonatal complications
(fetal distress, RDS, retinopathy, low Apgar score, neona-
tal death, malformation, neonatal admission, and NICU
admission).

Statistical analysis

The Software package STATA (version 12; STATA Inc.,
College Station, TX, USA) was used to conduct statis-
tical analysis. Meta-analysis was performed to evaluate
the pooled ORs of our outcomes of interest. Forest plots
demonstrate the weighted ORs of outcomes.
Heterogeneity was evaluated by the /-squared index,
with values over 50% interpreted as heterogeneity. Pub-
lication bias was assessed by Begg’s test, and p val-
ues < 0.05 were considered as significant, using the Trim
and fill method to adjust bias. Meta-analysis through the
Mantel-Haenszel pooling method was used to estimate
the pooled mean of age, BMI and OR of thyroid dysfunc-
tion in subgroups of the control group (Euthyroid and
placebo). Meta-regression models were performed to esti-
mate the pooled OR of adverse pregnancy outcomes based
on the TSH cutoff value (2.5 mIU/L vs.>2.5 mIU/L) and
initiation time of treatment (before vs. during pregnancy).
To explore heterogeneity due to the influence of TPOAb

status on the results, we conducted a sensitivity analysis
on the main outcomes.

Results
Search results and study selection

Figure 1 illustrates a flowchart of the literature search and
its results. Of the initial 73 references that were identified,
25 duplicates were removed (i.e., identical articles retrieved
from multiple search strategies). In the first step, selection
was based on titles and abstracts from the retrieved refer-
ences. According to the selection criteria, 23 articles were
identified for further full-text assessment. Finally, 13 full-
text articles were included for the meta-analysis.

Quality assessment and risk of bias

Results of quality assessment showed that 8 studies were
classified as good and 5 as fair quality. No study had poor
quality (Table 1; Supplementary Tables 1, 2).
Supplementary Figs. 1 and 2 show the details of risk of
bias in the published studies. Most cohort studies had a low
risk of bias for selection (86%), assessment of exposure
(100%), assessment of presence of outcome of interest at

Fig. 1 Flowchart of study
selection

(n=72)

Records identified through
database searches:

Records identified through
manual searches:
(n=1)

|

Records after duplicates

removed:
(n=48)
l Records excluded based on
title and abstract:
Records screened based on (n=25)
title and abstract: _ e Irrelevant article
(n=48) e Review articles or

l guidelines

Full-text articles excluded: (n = 10)

Full-text articles assessed for

e Lack of clear data
e Non-appropriate grouping
e No control group

—

eligibility:
(n=23)

o Lack of access to full text

I
I
|
1 |

Total number of studies

included in this meta-analysis:
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initiation (100%), assessment of outcome (100%) and fol-
low up (100%); 57% of studies had a high risk of bias for
match exposed and unexposed and 43% for assessment of
the presence of prognostic factors, 14% of studies had a high
risk of bias for selection. Fourteen percent of studies were
probable high risk of bias for match exposed and unexposed
and assessment of the presence of prognostic factors (Sup-
plementary Fig. 1).

Most RCT studies were at a low risk of bias for random
sequence generation (83%), blinding of outcome assessment
(100%), incomplete outcome data (100%) and selective out-
come reporting (100%); 66% of these studies were at high
risk of bias for blinding of participants and some biases were
probable, like blinding of incomplete outcome data. Most
studies had a low risk of bias (Supplementary Fig. 2).

Generally, most studies had acceptable validity (low risk
of bias), indicating the acceptable quality of these studies
in most aspects.

Study characteristics

Overall, we found 13 articles that met our eligibility cri-
teria. Characteristics of the selected studies are presented
in Table 1. Among these, six were RCTs and seven were
cohorts. The studies were published between 2010 and 2018.
In most studies, the cutoff value for TSH was 2.5 mIU/L,
and only in four studies it was > 2.5 mIU/L [13, 24-26]. All
studies had treatment and placebo or no treatment control
groups. In four studies [11, 12, 27, 28], in addition to the
placebo control or the group without treatment, there was a
euthyroidism control group (Table 1).

The pooled mean age and BMI (95% CI) were 29.87
(29.77-29.96) years and 24.57 (24.44-24.70) kg/m?>,
respectively.

Meta-analysis of outcomes

Table 2 presents the results of heterogeneity, pooled OR
and publication bias of maternal, fetal and neonatal com-
posite outcomes in SCH pregnant women treated with lev-
othyroxine in comparison with the placebo- or euthyroid
controls. SCH pregnant women treated with levothyroxine
had a lower pooled ORs for outcomes related to pregnancy
loss compared to those treated with placebo (OR 0.78, 95%
CI 0.66-0.94; 12=0%) (Fig. 2; Table 2). There were no
significant differences in pooled ORs of adverse maternal
complications, obstetrical hemorrhage, preterm/LBW/oligo-
hydramnios and adverse neonatal complications, between
patients treated with levothyroxine and the placebo group
(Table 2; Fig. 3). Results of meta-analysis on separate out-
comes showed that SCH pregnant women treated with levo-
thyroxine had a lower pooled OR for abortion (OR 0.37,
95% CI0.18-0.77; I’=25%) and a higher pooled OR for live
birth rate (OR 2.72, 95% CI 1.44-5.11; P =25%), compared
to those treated with placebo (Table 3; Fig. 4). The pooled
OR of preterm labor and neonatal/NICU admission in SCH
pregnant women treated with levothyroxine had no statisti-
cally significant differences compared to the placebo group
(Table 3; Fig. 4).

We observed that SCH pregnant women treated with
levothyroxine had a lower pooled OR for adverse neona-
tal complications than euthyroid women (OR 0.59, 95%

Table 2 Results of meta-

- Outcomes Number of study P G Publication bias® Pooled OR (95% CI)
analyms. for pregnancy groups
composite outcomes in women
with subclinical hypothyroidism Pregnancy loss
compared (0 placebo or Placebo 10 0 0218 0.784 (0.657, 0.937)*
euthyroid controls
Euthyroid 7 0 0.134 1.015 (0.741, 1.391)
Adverse maternal complication
Placebo 12 55 0.292 1.038 (0.817, 1.319)
Euthyroid 2 0 0.317 0.945 (0.373, 2.395)
Obstetrical hemorrhage
Placebo 8 0 0.453 0.973 (0.575, 1.644)
Euthyroid 4 0 0.412 2.414 (0.827,7.051)
Preterm/LBW/oligohydramnios
Placebo 19 53 0.261 0.933 (0.821, 1.061)
Euthyroid 5 0 0.142 1.744 (1.148, 2.650)*
Adverse neonatal complication
Placebo 17 8 0.715 0.919 (0.734, 1.150)
Euthyroid 4 0 0.317 0.593 (0.358, 0.985)*

*Statistical significance level P <0.05

**Statistical significance I* values > 50%, & publication bias were evaluated using Begg’s test
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Adverse maternal complication
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| Maraka et al., 2017 —— 143 (1.02, 1.99) 13.49
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i |
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Al Anbari, 2017 —_—— 1.10 (0.41, 2.98) 242 Subtotal (I-squared = 55.2%, p = 0.011) B 1.04(0.82,1.32) 95.03
]
Nazarpour et al., 2017 _— 369(0.20,4706) 037 |
| ]
Nazarpour et al, 2017 _— 107 (0.27,4.27) 125 Control Euthyroid i
| ]
_
Blumenthal and Eastman, 2017 { 092(0.06,13.16) 034 Blumenthal and Eastman, 2017 R N 084(0.25,278) 294
Blumenthal and Eastman, 2017 —_— 079 (0.12,5.30) 066 !
Blumenthal and Eastman, 2017 —_— 1.13(0.26, 4.95) 204
Caietal., 2017 - 0.98 (0.69, 141) 1869
Subtotal (I-squared = 0.0%, p = 0.760] 0.94(0.37, 2.39) 497
Subtotal (I-squared = 0.0%, p = 0.981) 1.02 (0.74, 1.39) 24.09 . (rsavar ’ ) <> ¢ '
I
Overall (I-squared = 0.0%, p = 0.963) 0.83(0.72,097) 100.00 Overall (ksquared = 47.7%, p = 0.024) D> 104(083,1.30) 10000
Y ]
NOTE: Weights are from random effects analysis l NOTE: Weights are from random effects analysis. '
T T T T T
00455 1 220 0285 1 35.1

Fig. 2 Forest plots of composite outcomes pregnancy loss (abortion, fetal death and still birth) and adverse maternal complications (gestational
hypertension, preeclampsia and gestational diabetes) by subgroup of treatments

Preterm/LBW/ oligohydramnios

Study %
D OR (95% CI) Weight

Control :Placebo or no treatment

Casey etal., 2017 —_— 082(0.50,1.35) 651
Casey etal., 2017 — 124(0.73,212) 472
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Maraka et al., 2016 —_— 043(0.15,1.27) 247
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Nazarpour et al., 2018 —_— 084(0.43,164) 366
Wang et al., 2012 029(0.02,520) 053
Wang etal., 2012 064 (0.03,1224) 025
Subtotal (I-squared = 53.2%, p = 0.003) d 0.93 (0.82, 1.06) 94.60

Control :Euthyroid
Blumenthal and Eastman, 2017 —
Blumenthal and Eastman, 2017
Blumenthal and Eastman, 2017

1.93 (0.55, 6.76) 0.54
0.53 (0.07, 3.99) 0.65
2.98 (0.96, 9.26) 046

|
i

Nazarpour et al., 2017 _ 1.09(0.33,364)  0.95
Nazarpour et al., 2018 —_— 201(1.15,351) 279
Subtotal (I-squared = 0.0%, p = 0.550) Lo 174(1.15,265) 540

Overall (I-squared = 53.6%, p = 0.001) 0.98 (0.86,1.10)  100.00

T T
0164 61.1

Fig.3 Forest plots of composite outcomes preterm/LBW (preterm
labor, PROM, IUGR and LBW), oligohydramnios, and adverse neo-
natal complications (fetal distress, RDS, retinopathy, low Apgar

CI1 0.36-0.99; 12:0%). Our results also showed a higher
pooled ORs for preterm/LBW/oligohydramnios outcomes
in SCH pregnant patients treated with levothyroxine com-
pared to euthyroid pregnant women (OR 1.74, 95% CI
1.15-2.65; I’=0%) (Table 2; Fig. 3). There were no sig-
nificant differences in the pooled ORs of other outcomes
(adverse maternal complication, obstetrical hemorrhage,
and preterm/LBW/oligohydramnios) between pregnant
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Obstetrical hemorrhage

Study %

D OR (95% Cl) Weight
Control ‘Placebo or no treatment |

Caseyetal., 2017 0.20 (0.02, 1.70) 15.77
Juetal, 2016 —_— 1.16 (0.42, 3.17) 2202
Maraka et al, 2016 I 049 (0.02,9.53) 496
Maraka et al, 2016 049 (0.02,9.53) 496
Maraka et al, 2017 —_— 1.05 (047, 2.37) 3517

Nazarpour et al., 2017

1.02 (0.06, 16.83) 3.06
7.12(0.36,138.75)  1.55
117 (0.05, 24.98) 227
0.97 (0.58, 1.64) 89.76

Nazarpour et al, 2018 —
Wang et al., 2012
Subtotal (-squared = 0.0%, p = 0.730) <>

Control :Euthyroid

Blumenthal and Eastman, 2017 3.36 (0.14, 83.08) 085
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1.92(0.10,35.17) 157

3.41(0.81, 14.39) 469

Blumenthal and Eastman, 2017

Nazarpour et al, 2017

Nazarpour et al., 2018 -

|

Subtotal (l-squared = 0.0%, p = 0.869) <<> 2.41(0.83, 7.05) 10.24
|
)

Overall (I-squared = 0.0%, p = 0.755) <:> 1.12(0.70, 1.80) 100.00
Y
|
I

T T
00721 1 139

score, neonatal death, malformation, neonatal admission, and NICU
admission) by subgroup of treatments

women treated with levothyroxine and those who were
euthyroid (Table 2). The pooled OR of preterm birth in
pregnant women treated with levothyroxine was higher
than euthyroid women (OR 1.82, 95% CI 1.14-2.91;
12=0%). The pooled ORs of abortion, live birth rate
and neonatal/NICU admission in SCH pregnant patients
treated with levothyroxine showed no significant differ-
ences compared to euthyroid controls (Table 3).
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Table 3 Results of meta-analysis for pregnancy selected outcomes
in women with subclinical hypothyroidism compared to placebo or
euthyroid controls

Outcomes  Number I?  Publication bias® Pooled OR (95%
of study CD
groups
Abortion
Placebo 5 25 0.351 0.368 (0.175,
0.773)*
Euthyroid 3 0 0.352 1.005 (0.563,
1.793)
Preterm + preterm < 34 weeks
Placebo 8 39 0.182 0.868 (0.615,
1.227)
Euthyroid 3 0 0.602 1.819 (1.137,
2911)*
Live birth rate
Placebo 3 25 0.215 2.716 (1.444—
S5.111)*
Euthyroid 2 0 0.317 0.891 (0.500-
1.587)
Neonatal/NICU admission
Placebo 4 14 0.050 1.043 (0.668-
1.629)
Euthyroid 2 0 0.317 0.563 (0.290-
1.091)

*Statistical significance level P <0.05

*#*Statistical significance I* values>50%, & publication bias were
evaluated using Begg’s test

Risk of bias assessment

Supplementary files 1 and 2 show the results of risk of bias
in the published studies. Most RCT studies were at a low
risk of bias of random sequence generation, blinding of par-
ticipants and personnel, blinding of outcome, incomplete
outcome data and selective outcome reporting; however,
in these studies, some biases were more probable, such as
blinding of participants and personnel.

Although cohort studies were at a low risk of bias for
selection, assessment of exposure, the presence of the out-
come of interest at initiation of study, outcome assessment
and adequacy of follow-up duration, some of them had seri-
ous risk of bias in the control of prognostic variables.

Since most studies had appropriate validity (low risk of
bias), the quality of these studies was acceptable in most
aspects.

Meta-regression analysis base on TSH-cut
and initiation time of treatment

Results of meta-regression based on the TSH cutoff value
did not show statistically significant difference in the pooled

ORs of adverse pregnancy outcomes with TSH cutoff 2.5
mlIU/L compared to those with cutoff > 2.5 mIU/L (Supple-
mentary Table 11). In addition, meta-regression based on
the initiation time of treatment demonstrated that there was
no statistically significant difference in the pooled ORs of
adverse pregnancy outcomes (abortion, and pregnancy loss)
between women treated before pregnancy and those treated
during pregnancy (Supplementary Table 12).

Sensitivity analysis based on TPOAb status

Results of sensitivity analysis, presented in a supplemen-
tary file (supplementary figures and Tables 3—10), show
that there were no significant differences in pooled ORs of
adverse pregnancy outcomes after excluding studies with
different TPOAD status.

Discussion

Despite the well-documented beneficial effect of levothy-
roxine therapy in pregnant women with overt hypothyroid-
ism, there is insufficient evidence to clarify the effects of
LT4 treatment on maternal, fetal and neonatal outcomes in
patients with SCH. This meta-analysis showed that SCH
pregnant women treated with levothyroxine had lower
chances for pregnancy loss and higher chances for live
birth rate than the placebo group, findings which need to be
interpreted with caution, due to the inadequate number of
randomized clinical trials or enough power to eliminate the
risks attributed to thyroid autoimmunity among these SCH
pregnant women. We did not find any significant difference
in the chances of adverse maternal complication, obstetrical
hemorrhage and neonatal/NICU admission between SCH
patients treated with levothyroxine and control groups (pla-
cebo and euthyroid).

The underlying mechanisms involved in developing
adverse pregnancy outcomes in SCH, especially in those
without thyroid auto immunity, have not been completely
elucidated [12]. It has been documented that thyroid autoim-
munity may increase the risk of preterm birth through both
TSH and non-TSH-dependent mechanisms. Baseline TSH
levels of pregnant women were higher in TPOAb* women
than their TPOAb™ counterparts, in whom these levels were
well within the euthyroid range [29], as a result, of which
they had a subtle preexisting thyroid dysfunction that could
possibly worsen during pregnancy and they may not be able
to respond adequately to the increased demand for synthesis
of thyroid hormones during pregnancy [30]. On the other
hand, pregnancy is an inflammatory process, involving a
shift in the regulation of cytokine networks within the local
placental-decidual environment or fetal development [31]
which can be associated with a direct destructive effect on
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Fig.4 Forest plots of outcomes: abortion, preterm, live birth rate and NICU admission by subgroup of treatments

the placenta. Therefore, dysregulation of local inflamma-
tory processes in TPO-Ab* women may be associated with
premature delivery [32]. However, data on the relationship
between subclinical thyroid dysfunction and/or thyroid auto-
immunity with preterm labor are inconsistent, and a recent
meta-analysis including 14 cohort and one case—control
studies demonstrated no significant increase in the OR of
preterm labor in women with subclinical hypothyroidism
[33]. Additionally despite the assumed impact of LT4 on
appropriate placentation, a recent large randomized clinical
trial of preconception LT4 treatment in TPO-Ab* infertile
women with TSH <5 mIU/L revealed no benefits on miscar-
riage, live birth or preterm delivery rates [34].

Hypothyroidism is an independent risk factor for cardio-
vascular diseases [35]. Despite the theoretical relationship of
thyroid disorders with cardio-metabolic outcomes, our study
did not detect any significant difference in the chances of
SCH pregnant women, treated with levothyroxine develop-
ing gestational hypertension, preeclampsia and gestational
diabetes and the placebo or euthyroid controls.

Our study showed a reduced OR of miscarriage in pregnant
women who received LT4 compared to the placebo group,
a finding in agreement with a meta-analysis conducted by
Maraka et al. [1] who reported that pregnant women with
untreated SCH had a higher risk for pregnancy loss and neo-
natal death, compared to euthyroid women. Velkeniers et al.
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[18] study also demonstrated that levothyroxine supplementa-
tion vs. placebo/no treatment was associated with a significant
increase in delivery rate and decrease in miscarriage among
those who had used assisted reproduction technologies (ART).
Zhang et al. [17] meta-analysis revealed that compared to
euthyroid pregnant women, patients with untreated SCH
had a higher prevalence of miscarriage before 20 weeks of
pregnancy, and they also found that the prevalence of miscar-
riage in patients not treated with LT4 significantly increased,
compared to those who were. A recent meta-analysis by Rao
et al. [36] including 8 randomized controlled trials and 5 ret-
rospective studies demonstrated the beneficial effects of LT4
supplementation on the reduced risk of pregnancy loss but
not preterm birth, among pregnant women with SCH and/or
thyroid autoimmunity.

Some differences in the results of various meta-analyses
could be attributed to their different eligibility criteria. Rao
et al.’s study [36] assessed pregnant women with SCH and
thyroid autoimmunity, whereas our meta-analysis was lim-
ited to studies conducted on pregnant women with SCH,
regardless of their positive or negative TPOAb. Also, Zhang
et al. meta-analysis [17] included only cohort studies, while
our met-analysis included both RCT and cohort studies.

Several observational studies have reported a link
between SCH and increased risk of pregnancy loss [10-12,
24, 25, 28], maternal complications such as gestational
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hypertension, preeclampsia and diabetes [6, 37], obstetri-
cal hemorrhage [38], preterm birth/LBW [28] and adverse
neonatal outcomes [39]. However, there is strong evidence
indicating that thyroid autoantibodies, as the most common
cause of SCH, may directly exert their adverse effects on
maternal, fetal and neonatal outcomes [40]; as a result, treat-
ment of these women with LT4 may not completely resolve
these adverse effects on pregnancy outcomes. It has been
shown that thyroid autoantibodies may adversely affect
pregnancy through changes in the profiles of endometrial
T cells, hyperactivity and increased migration of cytotoxic
natural killer cells, affecting zonapellucida, human chorionic
gonadotropin receptors and other placental antigens [41],
which can to some extent explain the higher prevalence
of preterm/LBW/oligohydramnios outcomes in pregnant
patients with treated SCH compared to euthyroid pregnant
women, even after treatment with levothyroxine in the pre-
sent meta-analysis.

We also observed that SCH patients treated with levo-
thyroxine had no significant differences in the OR of obstet-
rical hemorrhage compared to placebo or euthyroid con-
trols. Although Maraka et al. [1] observed a higher risk for
obstetrical hemorrhage in pregnant women with untreated
SCH compared to euthyroid women; their study showed that
treated patients had no lower risk compared to the placebo or
euthyroid control groups, suggesting that levothyroxine ther-
apy was not effective in preventing obstetrical hemorrhage.

While this study could not detect any difference in the
ORs of adverse neonatal complications (fetal distress, RDS,
retinopathy, low Apgar score, neonatal death, malforma-
tion, neonatal admission, and NICU admission) in SCH
pregnant women treated with levothyroxine compared to
placebo, the OR was lower in treated subjects compared to
euthyroid ones. This contradictory finding suggests that the
lower OR of neonatal outcomes in patients diagnosed with
SCH may be due to an increase in their medical visits and,
consequently, an increase in their maternity care. However,
when we considered neonatal/NICU admission as a separate
outcome, the OR of this outcome had no difference in SCH
pregnant women treated with levothyroxine in comparison
to placebo or euthyroid controls.

While maternal thyroid hormones are essential for the fetal
development before the second trimester, before when the thy-
roid gland becomes functional, in some cases this treatment
was begun after 12 weeks of gestation [42]. A limited number
of studies have been assessed the timing effect on levothy-
roxine treatment against SCH with inconclusive results [13,
42]. Zhao et al.’s cohort study [42] showed that administra-
tion of LT4 initiated in the first trimester was associated with
decreased risk of adverse pregnancy outcomes compared to
those treated in the second trimester, suggesting that timing
plays an important role in the prescription of levothyroxine
to reduce pregnancy complications in SCH. One clinical trial

reported that hormone therapy could not improve the adverse
obstetrics outcomes in SCH pregnant women whose treatment
was initiated at an average of 17 weeks of gestation. In our
meta-analysis, the initiation of levothyroxine administration
was different [initiated before pregnancy, during pregnancy, or
not reporting timing]. However, meta-regression based on the
initiation time of treatment (before or after pregnancy) was not
significant, indicating that the time frame at least in terms of
initiation before or after pregnancy had no significant effects
on reducing adverse pregnancy outcomes (Supplementary
Table 12).

The main strength of the current meta-analysis compared to
others was including only the studies that assessed the effect of
levothyroxine in pregnant women with SCH. We also evaluated
the impact of LT4 treatment on various pregnancy outcomes in
comparison to both SCH pregnant women not receiving LT4,
and also, euthyroid pregnant women. The study, however, has
its limitations that should also be considered when interpreting
the findings. First, there is no universal cutoff value for TSH in
the diagnosis of SCH. In 2011, the initial recommendations by
the American Thyroid Association (ATA) advocated the use
of a laboratory or population-based pregnancy-specific TSH
reference range; if unavailable a TSH upper limit of 2.5, 3.0
and 3.0 mIU/L in the 1st, 2nd and 3rd trimesters can be used,
respectively [43]. This guideline was revised in 2017, suggest-
ing a TSH cutoff value of >4mIU/L in the first trimester [19].
Applying the pre-defined cut points may result in overtreat-
ment of euthyroid pregnant women despite lack of sufficient
evidence. Considering the heterogeneity of results derived from
diverse studies with different thresholds for TSH [13, 24, 25,
28, 34], we conducted a meta-regression based on the TSH
cutoff value; however, it made no significant difference in our
results (Supplementary Table 11). Therefore, the TSH cutoff
was not a source of heterogeneity. Second, TPOAD status was
not determined in all studies included; some of the studies
were conducted on both TPOAb™ and TPOAb™ participants.
To assess the heterogeneity caused by the influence of TPOAb
status on our results, we performed a sensitivity analysis, which
showed no significant differences in our results.

Other limitations were the lack of: (1) adequate well-
designed randomized clinical trials, (2) an equal dose of LT4
for treatment and (3) adequate power for subgroup analysis
according to the type of study or gestational age for initiation
of treatment. Needless to say, further well-designed clinical tri-
als are required to assess the effect of levothyroxine on adverse
pregnancy outcomes in women with SCH.

Conclusion
Despite observing lower chances for pregnancy loss and

higher chances for live birth rate in SCH pregnant women
who received LT4 treatment during pregnancy, these
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findings are not mainly based on randomized clinical trials
and need to be interpreted with caution. More well-designed
randomized clinical trials, considering thyroid autoimmunity
of participants, using a similar threshold of TSH for making
a precise diagnosis and universal dose for treatment initi-
ated at early pregnancy or even preferably at the preconcep-
tion period, are vital for making evidence-based decisions
regarding LT4 treatment of SCH pregnant women. Till then,
physicians should consider the potential benefits of levothy-
roxine treatment, taking into account the preferences and
conditions of these pregnant women.
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