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Abstract

Background
We assessed the effect of levothyroxine (LT4) therapy on gestational hypertension (GH) and
preeclampsia (PE) in subclinical hypothyroidism (SCH), overt hypothyroidism (OH), or thyroperoxidase
antibody (TPOAb) positivity.

Methods
Scopus, Medline, Science Direct, ProQuest, Google Scholar, and Cochrane library were scienti�cally
searched for randomized controlled trials (RCTs), cohorts, and case-control studies assessing the effect
of levothyroxine on incidences of GH or/and PE compared to control or placebo up to November 2022.

Results
After LT4 therapy in women with SCH, the ORs of GH and PE were not signi�cantly different from
compared groups; also, in OH, and studies recruited both SCH or OH subjects. LT4 reduced GH in TPOAb 
+ women compared with a non-treated group, while after treatment in TPOAb + versus TPOAb- women,
the ORs of GH and PE did not change signi�cantly.

Conclusion
After LT4 therapy, the ORs of GH and PE did not signi�cantly change in SCH, OH, SCH or OH participants
compared to controls; also, in TPOAb + compared to TPOAb- equivalents. Reduction of GH in treated
TPOAb + versus non-treated TPOAb + women refers to the importance of TPOAb determination.
Insigni�cant changes of both ORs in treated SCH compared to untreated indicates whether SCH increases
the incidence of GH and PE.

Introduction
Thyroid hypofunction, including subclinical hypothyroidism (SCH), overt hypothyroidism (OH), and
autoimmune thyroid disease, are present in 3%, 0.4%, and 5.6–22.1% of pregnant women, respectively (1,
2). SCH refers to TSH of the 97.5th percentile or more and free T4 between the 2.5th and 97.5th
percentiles, and OH refers to TSH between the 2.5th and 97.5th percentiles and a free T4 less than the
2.5th percentile. Thyroid autoimmunity refers to the presence of antibodies to thyroperoxidase or
thyroglobulin, or thyroid-stimulating hormone receptor antibodies, or a combination of these, and is
expressed by thyroperoxidase antibody (TPOAb) positivity > 15 to 143 IU/L (2, 3, 4). Levothyroxine (LT4),
with the usual dosage ranging between 50 and 100 µg/day, is one of the most widely prescribed drugs in
pregnancy, and two to �fteen percent of women in the reproductive ages use it (5).
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On the other hand, gestational hypertension (GH) and preeclampsia (PE) are the most widespread
hypertensive disorders of pregnancy (HDPs), which cause nearly 30% of maternal deaths per annum.
Also, the HDPs cause approximately eight early neonatal deaths and three late neonatal deaths of 1000
live birth (6). Researchers stated that the risk of PE enhances in SCH, OH, or thyroid autoimmune disease
(7, 8). Also, a U-shaped correlation between TSH and preeclampsia has been reported, which refers to
determining the optimal treatment goal in pregnant women treated with LT4 (9). In this �eld, one study
demonstrated that LT4 therapy enhances the risk of PE by 1.5 times, but this risk is also associated with
other co-morbid agents (10). One meta-analysis by using four studies showed that LT4 supplementation
signi�cantly decreased the risk of GH in pregnant women with SCH (11). In another meta-analysis on
infertile women with SCH or positive TPO-Ab, LT4 signi�cantly reduced the incidence of GH but not PE
(12). Others supported the treatment of OH with LT4 but stated that there was insu�cient evidence to
recommend treatment for SCH and thyroid autoimmunity (13). Because of the insu�cient number and
sample size of available meta-analyses and lack of su�cient evidence, we meta-analyzed the effect of
LT4 on GH and PE in women with SCH, OH, and thyroid autoimmunity. Also, age, pre-pregnancy body
mass index (BMI), serum levels of thyroid-stimulating hormone (TSH), thyroperoxidase antibodies
(TPOAb) status, study design, the trimester of study entry (�rst, second, or third), and time to start
treatment (before or during pregnancy) were extracted for subgroup meta-analysis and meta-regression.

Methods

Search strategy:
This registered meta-analysis by the PROSPERO team (CRD42021237175) was conducted based on the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement and PICO. A
comprehensive search was carried out using electronic databases such as Scopus, Medline, Science
Direct, ProQuest, Google Scholar, and Cochrane library between 4 April and 1 November 2022. RCTs,
cohorts, and case-control studies and related meta-analyses with the following search terms in the titles,
abstracts, or keywords were involved: ((“levothyroxine” OR “LT4” OR “thyroxine supplementation”) AND
(“subclinical hypothyroidism” OR “SCH”) AND (“ thyroid peroxidase antibodies” OR “autoimmune thyroid
disease”) AND (“pregnancy outcomes” OR “preeclampsia” OR “gestational hypertension” OR “PIH”)).
Then, the �rst author assessed the selected articles and reference lists of those to �nd trials or
hypotheses that surveyed the effect of levothyroxine on PE or GH. Next, the full text of the speci�ed
papers was evaluated to determine the studies that met the inclusion criteria. Endnote software (Thomas
Reuters, Philadelphia, PA) was used to control the search �ndings identi�ed by the stated strategies.

Inclusion And Exclusion Criteria:
1-RCTs, cohorts, and case–controls that assessed the effect of LT4 on GH or/and PE in pregnant women
with SCH, OH, or thyroid autoimmunity.
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2-Studies in which treatment with levothyroxine has been compared to placebo or no treatment in
euthyroid (EU, 0.2 ≤ TSH < 4.0 mIU/L), control, or untreated women.

3-Studies whose subjects were healthy, non-smoking women with a singleton pregnancy. Also, they were
free of alcohol, acute and chronic medical problems, and usage of drugs, including prescriptions
affecting thyroid function.

4-Published in Persian and English language until 2022.

Exclusion Criteria For The Studies
Animal studies.

Review Question
The PICO (population, intervention, comparator, outcomes) question was expressed to best use the
review's yield and signi�cance. Thus, the population was pregnant women with SCH, OH, or thyroid
autoimmunity. The intervention was treatment with levothyroxine compared to placebo or no treatment in
euthyroid, control, or untreated women, and the outcomes were GH or/and PE (Table 1).

Data Extraction And Study Quality Assessment
Studies were selected in two stages by the �rst author and con�rmed by the corresponding author. The
PROSPERO registration number was CRD42021259200. Endnote software (Thomas Reuters,
Philadelphia, PA) was used to control the search �ndings. The �rst author name, publication year, study
design, sample size, rate of GH or/and PE (with and without LT4), trimester of study entry, age, BMI, TSH
levels, TPOAb status, and time to start treatment were extracted by the �rst author and con�rmed by the
corresponding author (Table 1). Also, they scrutinized the study with the Cochrane risk of bias tool
(Table 2a), and NIH (the national institutes of health) quality assessment tool (Table 2b and 2c).

Statistical analysis:
We used Stata 17 to perform the statistical analysis. The random-effects meta-analysis with inverse
variance weighting was conducted for each outcome to compare the included studies. The pooled odds
ratios (OR) and corresponding 95% intervals were computed to indicate the pooled results. Forest plots
were used to display the weighted OR of outcomes. I-squared estimators were utilized to investigate the
heterogeneity issue. The sensitivity analysis was performed to extract the potential in�uence studies. The
publication bias was checked by utilizing Egger’s test. In the case of signi�cant publication bias, the trim
and �ll method is used for adjustment. To survey the impact of LT4 on the OR of both outcomes in SCH
studies, PE outcome in SCH or OH studies, also PE outcome in TPOAb + and TPOAb- studies, the
subgroup meta-analysis was conducted according to the study design (RCT, cohort, or case-control).



Page 5/24

Because the type of compared groups was different [(treated vs. untreated, euthyroid, placebo, and
control in SCH), (treated vs. placebo, euthyroid, untreated, control in OH), (treated vs. control and
uncontrolled in SCH or OH), (treated vs. untreated in TPOAb + versus TPOAb+), and (treated vs. control
and untreated, treated and untreated vs. treated and untreated, treated and placebo vs. treated and
placebo in TPOAb + versus TPOAb-)], the subgroup meta-analysis was applied for both outcomes in SCH,
SCH or OH, and TPOAb + versus TPOAb-. Moreover, the trimester of study entry (�rst, second, or third
trimester) was surveyed by subgroup meta-analysis for both outcomes in SCH studies, OH studies, and
also GH outcome in TPOAb + versus TPOAb- studies. Meta-regression analysis investigated the
association between the effect size of age, BMI, TSH levels, and TPOAb status as covariates for both
outcomes in SCH studies, also age and BMI for OH.

Results
Study selection process:

We showed the search results and the selection process in Fig. 1.

Description of included trials:

After considering duplicates (182), 1044 articles were screened between 4 April and 1 November 2021
from the database searches. The full text of 81 articles was recovered, while �fteen did not have inclusion
criteria, eighteen did not have data for PE or GH, and in �fteen, data was insu�cient. Twenty-seven
articles were eligible, but six papers were not acceptable after a detailed survey by statistician (Fig. 1).
The present meta-analysis was performed on �fteen studies that their participants were pregnant women
with SCH, including eighteen hypotheses (comparisons) (5117 vs. 49457 participants) on GH (14–20,
22–23, 25–28) and eleven hypotheses (2162 vs. 26401) on PE (14–17, 21–24, 26) (Table 1). It should be
noted that some involved studies included two or more hypotheses with different sample sizes or other
conditions of the survey. Therefore, we �rst referred to the number of these hypotheses (comparisons)
and then mentioned preliminary studies in parentheses. Seventeen hypotheses were cohorts (14–15, 17–
18, 20, 22–28), and three were RCTs (16, 19, 21). Eight hypotheses compared treated with euthyroid (15,
18, 24, 26), and two with control (19, 28), one of them compared SCH with participants who their TSH
levels were equal or lesser than 2.5 without treatment, but may be TPOAb+ (28). Two hypotheses
compared SCH with placebo in RCT (16) and cohort (25) studies. Eight hypotheses (14, 17, 20–23, 27)
compared treated SCH with untreated SCH. The trimester of study entry in ten was �rst, �ve was second,
one was third, three were �rst or second, and in one was �rst, second, or third trimesters. For GH outcome,
the time to start treatment was during gestation except for one that was unknown (25) and another (27)
that was before or during pregnancy; and for PE outcome, in all was during pregnancy.

Results of �ve studies were summarized for OH, in which ten hypotheses (1165 vs. 27829) evaluated the
effect of levothyroxine on GH (16, 26, 29–30) and eight (866 vs. 24994) on PE (16, 24, 26, 30). In seven
hypotheses, the trimester of study entry was �rst, in three was second, and in Casey et al.’ study was �rst
or second. The time to start treatment in all was during gestation. One hypothesis was RCT (16), and
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others were cohorts (24, 26, 29–30). Seven compared treated women with euthyroid (24, 26, 30), two with
controls (29), and one with placebo (16). One compared treated and untreated women with OH in the �rst
trimester (29).

Participants in �ve studies had OH or SCH in which four hypotheses reported GH rates (17068 vs.
554508) (31, 32, 35), while �ve stated PE rates (17074 vs. 553716) (31, 33–35). The trimester of study
entry was different among involved studies, while treatment in all except one (33) started before or during
pregnancy. Four hypotheses were cohorts (31–32, 35) and two case controls (33–34) which compared
treated participants with controls. Two hypotheses compared participants whose TSH levels were
controlled and uncontrolled (35).

Three studies, including three hypotheses (1127 vs. 306), estimated the effect of levothyroxine on OR of
GH in treated TPOAb + women versus untreated (20, 36–37). The trimester of study entry was �rst except
one (36), which was �rst or second, and treatment in all started during pregnancy. Two studies were
cohorts (20, 37), and one was RCT (37).

Seven studies were met-analyzed in which eight hypotheses (1633 vs. 5341) compared the ORs of GH
(20, 28, 36–39), and �ve (404 vs. 2693) the ORs of PE (36–37, 40) in TPOAb + compared to TPOAb-. The
trimester of study entry was �rst, second, or third in one study (39), �rst in four studies, �rst or second in
other four, and �nally, second trimester in one. The time of starting trimester in all except one (39) was
during pregnancy. Three hypotheses compared treated TPOAb + with control TPOAb- (20, 36–37). Also,
two treated TPOAb + with treated TPOAb- (38–39) and one treated and untreated TPOAb + with treated
and untreated TPOAb- (28), which we performed a subgroup meta-analysis on all three (Fig. 11). Two
hypotheses compared treated and placebo TPOAb + with treated and placebo TPOAb- (40). One
compared untreated TPOAb + with untreated TPOAb- (28), and another untreated with control (36).

Two hypotheses (430 vs.2065) compared the OR of GH in TPOAb- with TPOAb- (20).

Quality of the included studies:

The quality of the included RCTs, cohorts, and case controls have been shown in Tables 2a, 2b, and 2c.

Bias Assessment:
We provided the risk of bias assessment in Table 2a, and de�ciency cases were classi�ed as not written
(NR). In all studies, RCTs have been developed by a numerical list created by a computer system. The
sequence generation was observed in all except one study (36). Allocation concealment from researchers
and participants and also implementations were not observed in most studies. The blinding of
participants, personnel, outcome assessor and analysis approach were not written in all studies. Baseline
variables were statistically similar in all studies; also, incomplete outcomes and reporting bias were not
observed in all. Quality in cohort studies was rated as good in eleven studies, and as fair in ten studies



Page 7/24

(Table 2b). Quality in case-control studies was good in two studies considering that one item (non-
response rate) has not been reported (Table 2c).

Meta-analysis Results For Studies Included Pregnant Women With

SCH
Random-effects model in SCH showed that ORs of GH (18 comparisons) and PE (11 comparisons) after
LT4 therapy were not signi�cant between compared groups [OR = 1.03, 95% CI: (0.85, 1.25), I2 = 35.25%, P 
= 0.78, OR = 1.02, 95% CI: (0.66,1.58), I2 = 46.86%, P = 0.94, respectively] (Figs. 2, 3). For both analyses, the
heterogeneity was not signi�cant. Also, Egger’s test did not indicate any evidence of publication bias for
GH outcome (P = 0.69), whereas, for PE, the publication bias was seen (P = 0.04). According to the �ll and
trim method, the value of the adjusted OR of PE was 1.37 with 95% CI (0.86, 2.18). Therefore, based on 11
observed hypotheses, the overall effect size may be smaller than that in the absence of publication bias.
The sensitivity analysis results indicated that after excluding each study, the total effect size did not
change.

Subgroup meta-analysis based on the design study to analyze its effect on the association between
levothyroxine treatment and two outcomes did not demonstrate signi�cant effects (Figs. 1–2
supplementary �le). Also, the type of two compared groups (treated versus control, placebo, euthyroid, or
untreated) were not signi�cantly effective on obtained results for the two outcomes (Figs. 4–5).
Furthermore, the subgroup meta-analysis based on the trimester of study entry did not show signi�cant
effects between subgroups for both outcomes (Figs. 3–4 supplementary �le). For both outcomes, age,
BMI, TSH levels, and TPOAb status were insigni�cant by meta-regression (P > 0.05).

OH
Meta-analysis indicated that the ORs of GH (10 comparisons) and PE (8 comparisons) after levothyroxine
therapy were not signi�cantly different between compared groups [OR = 1.23, 95% CI: (0.86,1.78), I2 = 
34.29%, P = 0.26, OR = 1.32, 95% CI: (0.83, 2.09), I2 = 0.00%, P = 0.24, respectively] (Figs. 6–7). The
heterogeneity was not signi�cant for both models. Egger’s test demonstrated no publication bias for both
models (for GH: P = 0.44 and PE: P = 0.62). The sensitivity analysis results indicated that after excluding
each study, the total effect size did not change. For both outcomes, all studies were cohort except one
(16) was RCT. For GH outcome, the comparison was conducted between treated versus euthyroid or
control, except one (16) that compared treated versus placebo and also another (29) that compared
treated versus untreated in the �rst trimester. For PE outcome, all comparisons were made between
treated versus euthyroid except in one (16) that compared treated with placebo. Therefore, subgroup
meta-analysis based on study design and compared groups were not needed. We performed a subgroup
meta-analysis for both outcomes based on the trimester of study entry, considering that one study (16)
was deleted due to its trimester that was �rst or second. For GH outcome, subgroup meta-analysis
showed signi�cant heterogeneity between two subgroups of �rst, also second trimesters (Fig. 5
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supplementary �le). The overall effect size of each group showed that in the second-trimester subgroup,
the levothyroxine treatment was associated with an increased risk of GH [OR = 1.97, 95% CI: (1.34, 2.90)],
whereas there was no signi�cant effect in the �rst-trimester subgroup [OR = 0.95, 95% CI: (0.62, 1.47)].
The test of group differences demonstrated that the group-speci�c overall effect sizes were statistically
different (Qb=6.04, P = 0.01). For PE outcome, the subgroup meta-analysis did not show any signi�cant
heterogeneity between subgroups (Fig. 6 supplementary �le). Meta-regression did not show any
signi�cant effect of age and BMI.

Sch Or Oh
Random-effects model on four hypotheses for GH and �ve for PE in women with SCH or OH revealed that
the ORs of GH and PE were not signi�cantly different [OR = 1.22, 95% CI: (0.56, 2.66), I2 = 94.71%, P = 0.62,
OR = 0.56, 95% CI: (0.13, 2.31), I2 = 98.13%, P = 0.42, respectively] (Figs. 8–9). For both analyses, the
heterogeneity was signi�cant. Also, Egger’s test did not indicate any publication bias (for GH: P = 0.42 and
for PE: P = 0.19). The sensitivity analysis results for GH showed that after excluding each study, the total
effect size did not change. However, for PE outcome, after omitting the Das, et al.’ study, the overall effect
size will be signi�cant without heterogeneity (OR = 1.36, 95% CI: (1.24, 1.49), P = 0. 00) due to the Turunen
et al.’ study that has the highest effect. For GH outcome, all hypotheses were cohort. For PE, three
hypotheses were cohort, and two hypotheses were case-control. Therefore, we conducted a subgroup
meta-analysis based on the design study. However, there was no signi�cant difference between the two
subgroups (Fig. 7 supplementary �le). The overall effect size of each group determined by subgroup
meta-analysis based on the type of compared groups for GH outcome indicated that participants whose
TSH levels were controlled (less than 2.5) had lesser OR of GH compared to uncontrolled [OR = 0.63, 95%
CI: (0.42, 0.95)], whereas there was no signi�cant effect for the subgroup that compared treated with
controlled participants [OR = 2.17, 95% CI: (0.94, 5.04)]. The test of group differences demonstrated that
the group-speci�c overall effect sizes were statistically different (Qb=6.68, P = 0.01) (Fig. 8 supplementary
�le). However, for PE outcome, there was no evidence of signi�cant heterogeneity between the two
subgroups (Fig. 9 supplementary �le). For both outcomes, the trimester of study entry was different
among studies, so the information was not enough for subgroup meta-analysis.

Antibody +&+
Meta-analysis on three hypotheses to estimate the OR of GH in TPOAb + women showed that
levothyroxine treatment decreased the risk of GH compared with untreated (OR = 0.43, 95% CI: (0.30,
0.62), I2 = 0.00%, P = 0.00) (Fig. 10). The heterogeneity was insigni�cant, and publication bias was not
seen (P = 0.56). The sensitivity meta-analysis indicated that after excluding Yang et al.’ study, the OR of
GH will not be signi�cant (OR = 0.65, 95% CI: (0.22, 1.91) ), I2 = 0.00%, P = 0.43), whereas after excluding
two other studies (36, 37), the overall total effect will stay signi�cant.
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Two studies were cohort (20, 36), and one was RCT (37). The trimester of study entry was the �rst, except
one that was the �rst or second (37), and the time to start treatment was during pregnancy for all studies.
For PE, the studies were not enough to conduct a mate-analysis.

Antibody + versus -
Using eight hypotheses that compared TPOAb + women with TPOAb- women, the random-effects model
revealed that the ORs of GH was not signi�cantly different from compared groups (OR = 0.99, 95% CI:
(0.8, 1.24), I2 = 0.00%, P = 0.96) (Fig. 11). Also, using �ve hypotheses that compared the ORs of PE, there
was not seen any signi�cant association (OR = 1.13, 95% CI: (0.67, 1.92), I2 = 0.00%, P = 0.65) (Fig. 12).
For both analyses, the heterogeneity was not signi�cant. Also, there was no publication bias for both
outcomes (GH: P = 0.73 and PE: P = 0.78). The sensitivity analysis results indicated that after excluding
each study, the total effect size did not change. For GH, all studies were cohort except one, which was
RCT (27). For PE, two studies were cohort, and three studies were RCT. However, the subgroup meta-
analysis based on the study design did not show any signi�cant differences between the two subgroups
(Fig. 10 supplementary �le). The effect of the type of compared groups for both outcomes was surveyed
by subgroup meta-analysis, which did not demonstrate effects between subgroups (Figs. 11–12
supplementary �le).

For GH, the trimester of study entry in four hypotheses was the �rst, one was the second (38), two
hypotheses were �rst or second (36), and one was the �rst, second, or third trimester (39). However, a
considerable difference didn't show between subgroups by subgroup meta-analysis (Fig. 13
supplementary �le). For PE outcome, the trimester of study entry in four hypotheses was the �rst or
second trimester, except one which was the �rst. For both outcomes, the time to start treatment in all
studies was during pregnancy.

Discussion
The present meta-analysis showed that after LT4 therapy, the ORs of GH and PE were not different
between compared groups. Similarly, Nazarpour et al. did not show signi�cant differences in pooled ORs
of GH and PE between treated SCH women and the placebo group (41). Also, Han et al.’s meta-analysis
indicated that SCH in each trimester enhanced the risk of developing HDP, but receiving LT4 did not
decrease this risk (42). Oppositely, Geng et al.’s and Ding et al.’ meta-analyses demonstrated that LT4
therapy reduced the PIH rate in pregnant women with SCH, but the sample size is small (43, 44). Also, Li
et al.’ meta-analysis on 14 RCTs, including 1918 infertile participants with SCH or anti-TPO antibody
positivity, reported that LT4 supplementation decreased GH but not PE (45). Kexin et al.’s meta-analysis
based on 14 literature showed that LT4 reduced the incidence of adverse pregnancy outcomes such as
GH and PE (46).

As the sample size of our meta-analysis is much more than the previously mentioned studies, their results
need to be interpreted with caution. However, more clinical trials with enough sample size are required to
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con�rm our results. Li et al. concluded that LT4 decreased GH in infertile women with SCH or TPO
antibody positivity (45), similar to our �nding in TPOAb + women, which will be discussed in the next �fth
paragraph. As if thyroid autoimmunity may enhance the risk of GH via TSH and non-TSH-dependent
mechanisms; however, most of our included studies in SCH women did not report the TPOA-b status.

The TSH cut-off levels may be related with the effect of levothyroxine on HDPs, considering that when
those are ≥ 4 m IU/l, the risk of HDPs increases (47); and this is in line of ATA guidelines (48). However,
our meta-regression results for both outcomes did not show a signi�cant effect of TSH levels obtained
from some studies. The time of levothyroxine administration is also effective in reducing HDPs after LT4
(23), but we did not observe any signi�cant effect by subgroup analysis.

Insigni�cant ORs of GH and PE in treated SCH compared with untreated (3035 vs. 11953) by subgroup
meta-analysis raise the question of whether SCH increases the incidence of HDPs in SCH women, which
has been reported by others (41). However, adequately powered RCTs are needed. Our meta-analysis on
pregnant women with overt hypothyroidism indicated that the ORs of GH and PE after treatment were not
different from euthyroid or control equivalents. Likewise, Chen et al.’s meta-analysis on patients with
hypothyroidism showed that compared with L-T4, L-T4 plus L-T3 signi�cantly reduced TSH amounts and
enhanced FT3 levels without affecting SBP (49). Oppositely, Lintula et al.’ study showed that LT4 use
increased the risk of PE by 1.5-times (OR 1.48, 95th CI 1.06–2.07; p ≤ 0.022), which has been due to other
comorbid risk factors and not because of LT4 or OH per se (50). Of course, they stated that their
participants were older, more obese, and initiated LT4 treatment during pregnancy compared to before
gestation. However, we did not observe any signi�cant effect of age and BMI. But, treatment starting in
the second trimester compared to the �rst trimester increased the risk of GH, which is similar to Lintula et
al.’s �nding and Turunen et al.’s study that emphasized longer and consistent usage of levothyroxine (50,
31).

Perhaps OH increases the risk of GH and PE to the extent that after LT4 therapy, these ORs reach
euthyroid or control equivalents. Thyroid hypofunction is associated with endothelial cell dysfunction,
possibly due to decreased production of nitric oxide and vasoactive compounds that lead to declined
vasorelaxation, enhanced sympathetic tone, vascular resistance, and, �nally, hypertension (51). Important
processes, including decidual cell migration and angiogenesis, are adjusted by in�ammatory mediators
and, to some extent, in�uenced by thyroid hormones (52). Subsequently, low thyroid hormone
accessibility might end in an insu�cient anti-in�ammatory setting which develops placental vascularity
disorders, and, consequently, preeclampsia and miscarriage (53). We also found that the OR of both
outcomes after LT4 therapy was not different from the control in studies that recruited women with SCH
or OH, con�rming our previous �ndings. Moreover, a subgroup meta-analysis on two hypotheses in Kiran
et al.’ study (35) showed that the OR of GH was signi�cantly lesser in participants who their TSH levels
were controlled (less than 2.5) compared with uncontrolled; however, the sample size is small, and further
studies with enough sample size is needed.
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LT4 therapy in TPOAb + pregnant women decreased the risk of GH compared with untreated. Similarly, Li
et al.’s meta-analysis, including 14 RCTs on 1918 infertile pregnant women with SCH or TPOAb positivity,
reported that LT4 supplementation decreased GH but not PE (45). In Di Girolamo et al.’ s meta-analysis,
levothyroxine therapy in euthyroid anti- TPO + women was not associated with reduced risk of GH and PE
(54). Also, Lau et al.’ systematic review showed that LT4 supplementation in women with thyroid
autoimmunity without SCH or OH was not bene�cial on pregnancy outcome (55). One reason for our
�nding is the higher elementary TSH values in TPO antibody positivity compared to TPOAb- subjects
which may worsen during pregnancy. Also, TPOAb-positive women may not be able to adapt themselves
su�ciently to the enhanced request for the synthesis of thyroid hormones during pregnancy (56, 57).
RCTs showed that LT4 in these women might be useful, especially in cases with higher TSH levels (58,
59). Perhaps this is why meta-analyses in treated euthyroid subjects were not associated with a reduction
in the risk of HDPs, as well we showed that treatment in the SCH subgroup and not in the EU group
reduced the risk of GH. Another reason is the instabilities of the local in�ammatory process in TPOAb + 
pregnant women that may change the regulation of cytokine networks inside the local placental–
decidual setting or fetal development (60, 61); which in turn could be correlated with adverse pregnancy
outcomes (62). As researchers stated that adverse pregnancy outcomes were positively associated with
TPOAb status (63, 64).

Other �ndings are insigni�cant ORs of both outcomes in treated TPOAb + compared to TPOAb- groups,
which supports the mentioned results. It is likely that TPOAb + increases the risk of both outcomes to the
extent that after LT4 therapy, these ORs reach euthyroid women. Oppositely, in Blumenthal et al.’ study,
the risk of GH in untreated TPOAb + versus untreated TPOAb- was not signi�cantly different, but the
sample size (191 vs. 742) was small.

Strengths and limitations:

A large number of included studies is one strength that paved the way for meta-analyzes on SCH, OH, and
autoimmune thyroid disease, and meta-regression on age, pre-gravid BMI, TSH level, and TPOAb status to
consider covariates. Moreover, it became possible to use subgroup analysis on the trimester of study
entry (�rst, second, or third), time to start treatment (before or during pregnancy), study design, and type
of compared groups to have matched control groups for the stated reasons. Additionally, the results of
the effects of LT4 on both outcomes were polled in women with OH, which has been rarely done. The �rst
limitation was the small number of studies assessing the effect of levothyroxine on both outcomes in
TPOAb + against TPOAb-. The Second was data obtained from observational studies in most studies.
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Figure 1

PRISMA �ow diagram of included studies.

Figure 2

Effect of levothyroxine treatment on GH among SCH (treated versus untreated, euthyroid, placebo, and
control).
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Figure 3

Effect of levothyroxine treatment on PE among SCH (treated versus untreated, euthyroid, and placebo).
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Figure 4

Subgroup meta-analysis to evaluate the effect of levothyroxine treatment on GH among SCH based on
type of compared groups.
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Figure 5

Subgroup meta-analysis to evaluate the effect of levothyroxine treatment on PE among SCH based on
type of compared groups.
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Figure 6

Effect of levothyroxine treatment on GH among OH women (treated versus placebo, euthyroid, untreated,
control).

Figure 7

Effect of levothyroxine treatment on PE among OH women (treated versus placebo, euthyroid, control).



Page 22/24

Figure 8

Effect of levothyroxine treatment on GH among SCH or OH women (treated vs. control, controlled vs.
uncontrolled).

Figure 9

Effect of levothyroxine treatment on PE among SCH or OH women (treated vs. control, controlled vs.
uncontrolled).
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Figure 10

Effect of levothyroxine treatment on GH in TPOAb+ versus TPOAb+ (treated versus untreated).

Figure 11

Effect of levothyroxine treatment on GH in TPOAb+ women versus TPOAb- (treated versus control,
treated, and treated & untreated versus treated & untreated).
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Figure 12

Effect of levothyroxine treatment on PE in TPOAb+ women versus TPOAb- (treated versus control and
treated & plasebo versustreated &placebo).
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