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Abstract

Purpose We aimed to perform a systematic review and meta-analysis addressing the efficacy of levothyroxine therapy in
pregnant women with subclinical hypothyroidism considering most recent evidence and subgroups of interest for clinical
practice.

Methods PubMed, Embase, and Cochrane Central were searched from inception for randomized controlled trials (RCTs)
comparing levothyroxine with placebo or no intervention in pregnant women with subclinical hypothyroidism. We used a
random-effects model and conducted subgroup analyses based on thyroid peroxidase antibody status, thyroid stimulating
hormone levels, fertility treatment, and recurrent miscarriage.

Results We included 11 RCTs comprising 2,749 pregnant women with subclinical hypothyroidism. Patients treated with
levothyroxine (1,439; 52.3%) had significantly lower risk of pregnancy loss (risk ratio 0.69; 95% confidence interval 0.52—
0.91; p<0.01; 6 studies). However, there was no significant association between levothyroxine and live birth (risk ratio
1.01; 95% confidence interval 0.99-1.03; p=0.29; 8 studies). No statistically significant interaction was observed across
subgroups (p > 0.05).

Conclusion Levothyroxine replacement therapy for subclinical hypothyroidism during pregnancy may decrease pregnancy
loss when early prescribed. Nevertheless, further investigation is needed in patients with thyroid stimulating hormone above
four milliunits per liter, especially when associated with recurrent miscarriage or infertility.

Keywords Subclinical hypothyroidism - Pregnancy - Thyroid peroxidase antibody - Thyroid autoimmunity - Recurrent
miscarriage
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What does this study adds to the clinical work?

This study investigated the potential benefit of levo-
thyroxine in patients with subclinical hypothyroid-
ism during pregnancy considering different sub-
groups of clinical interest. While levothyroxine may
decrease the risk of pregnancy loss, additional stud-
ies are required to investigate this treatment effect
in patients with a history of recurrent miscarriage
or infertility, particularly in cases where thyroid-
stimulating hormone levels exceed four milliunits
per liter.

Introduction

Subclinical hypothyroidism (SCH) is a condition charac-
terized by elevated serum thyroid-stimulating hormone
(TSH) levels in the setting of normal serum thyroid hor-
mone levels and the presence or absence of symptoms [1].
SCH is considered the most common thyroid disorder in
pregnant women, with an estimated prevalence between
2.3 and 13.5% [2-6]. Despite its substantial prevalence
and several studies suggesting an association with adverse
maternal—fetal outcomes [7, 8], there is still controversy on
whether medically managing pregnant women with SCH is
appropriate. This can be attributed to the fact that the diag-
nostic criteria for SCH in pregnancy has evolved over time,
and consequently, the literature contains divergent findings
due to the un-uniformity of TSH cutoff values used for the
diagnosis of SCH.

Given the geographic and ethnic variability in normal
TSH concentrations during pregnancy, a reference limit of
4 milliunits per liter (mU/L) has been recommended by the
2017 American Thyroid Association (ATA) guidelines as a
diagnostic criteria for SCH in the first trimester [9], which
updated a previous recommendation of a limit of 2.5 mU/L
from the 2011 guidelines [10]. At present, only two meta-
analyses adopted the new 2017 ATA criteria and have shown
no significant improvement with the use of levothyroxine
therapy for pregnant women when analyzing only rand-
omized controlled trials (RCTs) [11, 12]. However, these
meta-analyses applied only one TSH levels criteria and had
an overly narrow eligibility criteria, which may have led to
less statistically powered conclusions. Moreover, additional
RCTs have recently been published ever since, significantly
increasing the pooled population and the statistical power
that may result from further analyses.

@ Springer

Therefore, we performed an updated systematic review
and meta-analysis of RCTs evaluating the role of levothy-
roxine in the treatment for SCH during pregnancy. Of note,
we aimed to carry out a more inclusive analysis using both
definition of SCH, and to explore the role of baseline char-
acteristics on the efficacy of levothyroxine therapy in this
population.

Methods
Search strategy and selection criteria

In this systematic review and meta-analysis, we aimed to
assess pregnant women diagnosed with SCH (population)
who were allocated to levothyroxine (intervention) or no
levothyroxine (placebo or no intervention—control) and
evaluate the results of pregnancy loss, live birth, and pre-
term birth before 37 weeks (outcomes) among RCTs (type
of study) that followed patients until delivery (time). We
included studies regardless of the selected ATA definition
or ethnicity. Trials composed by euthyroid control, patients
with thyroid diseases other than SCH, or overlapping popu-
lations, defined as studies recruiting from the same insti-
tution over an overlapping period, and screening studies,
defined as trials that allocated patients to thyroid screening
versus no screening and treated only those who presented
with abnormal TSH levels, were excluded.

Two authors (H.P. and H.C.M.) systematically searched
PubMed, Embase, and Cochrane Central from inception to
February 1, 2023. The following terms with their respective
mesh terms were used without filters, publication date, or
language restrictions: (levothyroxine OR LT4 OR “thyrox-
ine supplementation”) AND (“subclinical hypothyroidism”
OR SCH) AND (pregnancy OR pregnant). The references
from all included studies, previous systematic reviews and
meta-analyses were also searched manually for any addi-
tional studies. Eventual conflicts were resolved by consen-
sus among the authors. Two authors (G.R.N. and H.C.M.)
independently extracted data from selected RCTs. Baseline
data included: (1) maternal age; (2) gestational age; (3) TSH
levels; thyroid peroxidase antibody (TPOADb) status, fertil-
ity treatment, and recurrent miscarriage. Individual patient-
level data was not requested.

Our study was performed in accordance with the Pre-
ferred Reporting Items for Systematic Review and Meta-
Analyses (PRISMA) Statement [13] and recommendations
from Cochrane Collaboration Handbook for Systematic
Reviews of Interventions [14]. We prospectively registered
our research protocol in the International Prospective Reg-
ister of Systematic Reviews (PROSPERO) on February 8,
2023 (ID CRD42023395160).
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| PubMed search: 303 results I | Snowballing search: 3 results I Data anaIYSiS

Outcomes evaluated were (1) pregnancy loss, defined as a
IEMBASE search: 134 results | composite of miscarriage and stillbirth; (2) live birth; and
(3) preterm birth before 37 weeks. We also conducted sub-
| FE R ——. | group analyses for live birth based on TPOAD status (posi-
— tive or negative), TSH levels (2.5—4 or 4-10 mU/L), fertility
treatment (with or without fertility treatment), and recurrent

] | Number soreoncd: 479 reenlts . miscarriage (with or without recurrent miscarriage).

Identification

—| Excluded by title/abstract: (7 = 108) | Quality assessment

Screening

Duplicate reports: (1 = 354) | We evaluated the risk of bias using version 2 of the Cochrane
— Risk of Bias Assessment Tool (RoB-2) for RCTs, where
each study scored as high, moderate, or low risk of bias.
The assessment was performed and documented by two
independent authors (L.F.R and M.V.BM.). Disagreements
Data with euthyroid patients (7= 1) | were resolved through consensus after discussing reasons
for discrepancy. Publication bias was assessed through the
generation of funnel plots.

Full-text reviewed: 17 studies I

No control group (n = 2) |

Eligibility

[ 1]

Screening versus no screening (n = 2) |

Statistical analysis

o l Wrong study design (n =1) I

We considered p values of less than 0.05 to be statistically
significant and computed risk ratios (RR) using the Inverse
Variance test for dichotomous outcomes with 95% confi-
‘ dence intervals (CI) as a measure of effect size. To assess

heterogeneity, Cochran’s Q test and I? statistics were uti-
Fig.1 PRISMA flow diagram lized. We classified I? values of <25%, 25-75%, and >75%

Table 1 Characteristics of included trials

Study Country Sample size® Levothyroxine TSH range TPOAD status  Fertility treatment Recurrent mis-
initiation carriage
Casey 2017 USA 339x338 Until 20 weeks of 4-10mU/L  Both Both Both
pregnancy
Dhillon-Smith UK 145x143 Before pregnancy  2.5-3.6 mU/L  Positive Both No data
etal. [19]
Kim et al. [15] South Korea 17x12 Before pregnancy  4.5-10mU/L  Both Yes Not specified
Lazaro 2019 Spain 181182 Not specified 2.5-49mU/L Both Not specified No
Leng 2022 China 243 %251 First trimester 2.5-10mU/L  Negative Not specified Both
Nazarpour et al. Iran 38x34 First trimester 4-10mU/L  Positive No infertility Not specified
[20]
Nazarpour 2018 Iran 183x 183 First trimester 2.5-10 mU/L  Negative Yes Not specified
Rahman et al. [16] Egypt 12%9 Before pregnancy 4-10mU/L  Not specified Yes Not specified
Van-Dijk et al. [17] Netherlands 3930 Before pregnancy  2.5-4 mU/L Positive Both Yes
Wang e al. [18] China 180x97 Before pregnancy  2.5-4.78 mU/L  Positive Yes Yes
Zhao 2018 China 62x31 Until second 2.5-10mU/L  Both Not specified No
trimester

mU/L milliunits per liter, TPOAb thyroid peroxidase antibody, TSH thyroid stimulating hormone, USA United States of America, UK United
Kingdom

“Number of patients in intervention and control group respectively
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Fig.2 Forest plot of pregnancy Levothyroxine

Control Risk Ratio

loss Study Events Total Events Total Weight RR 95% ClI IV, Random, 95% ClI
Kim 2011 0 17 4 12 1.0% 0.08 [0.00: 1.35] T
Zhao 2018 1 62 1 31 1.1% 0.50 [0.03; 7.73) - —
Casey 2017 4 339 7 338 54% 057 [0.17; 1.93) —
Leng 2022 52 243 76 251 85.6% 0.71  [0.52; 0.96) £
Rahman 2010 1 12 1 9 1.2% 0.75 [0.05; 10.44) >—
Lazaro 2019 5 181 6 182 58% 084 [0.26; 2.70) ——
Total (95% CI) 63 854 95 823 100.0% 0.69 [0.52; 0.91) . . * . ]

Heterogeneity: Tau’ = 0; Chi* = 2.52,df =5 (P = 0.77); I’ = 0%
Test for overall effect: Z = -2.59 (P < 0.01)

Fig. 3 Forest plot of live birth

Levothyroxine

0.01 0.1 1 10 100
Favors levothyroxine Favors control

Control Risk Ratio

Study Events Total Events Total Weight RR 95% CI IV, Random, 95% CI
Van-Dijk 2022 18 39 18 30 0.1% 077 (049;1.20) ————+t—
Dhillon-Smith 2019 55 145 58 143 03% 0.94 [0.70; 1.25) —t—
Lazaro 2019 176 181 176 182  20.9% 1.01 (0.97:1.04) )

Casey 2017 335 339 331 338  726% 1.01 [0.99;1.03) (=]

Zhao 2018 61 62 30 31 54% 1.02 (0.95;1.09) -+
Rahman 2010 1 12 8 9 0.3% 1.03 (0.77;1.37) 3

Wang 2017 52 180 26 97 02% 1.08 (0.72;1.61) —_—t-

Kim 2011 17 17 8 12 02% 147 [1.01;2.15) -
Total (95% ClI) 725 975 655 842 100.0% 1.01 [0.99; 1.03)

Hetorogeneity: Tau® < 0.0001; Chi® = 565, df = 7 (P = 0.58); I = 0% f

Test for overall effect: Z = 1.06 (P = 0.29)

as representing low, moderate, and high heterogeneity,
respectively. To account for potential disparities in both clin-
ical and methodological aspects across studies, we applied
random effects models, and performed subgroup analyses to
investigate heterogeneity between study-specific estimates.
Our meta-analysis was conducted using the meta package for
RStudio version 4.1.2 (R Foundation for Statistical Comput-
ing, Vienna, Austria).

Results
Study selection and characteristics

The initial search yielded 479 results. After removing dupli-
cate studies, 371 records were identified through database
searching and their summaries were screened for eligibility.
Of these, 17 remained and were fully reviewed based on the
predefined eligibility criteria (Fig. 1). A total of 11 RCTs
were included comprising 2,749 patients, of whom 1,439
(52.3%) were in the levothyroxine group. Table 1 summa-
rizes individual studies characteristics. Although five studies
allocated participants before pregnancy [15-19], the other
trials enrolled patients up to the second trimester. Moreover,
only four RCTs encompassed pregnant women with TPOAb
positivity [17-20]. The maternal age ranged from 26.9 to
36.1 years.

@ Springer
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Pooled analyses

In a pooled analysis of 6 trials, levothyroxine therapy was
associated with a significant 31% reduction of the risk of
pregnancy loss compared to no therapy (RR 0.69; 95% CI
0.52-0.91; p<0.01; 6 studies; Fig. 2). Out of the 11 studies,
8 provided information on the incidence of live birth, which
showed no significant association between levothyroxine and
live birth (RR 1.01; 95% CI 0.99-1.03; p=0.29; 8 studies;
Fig. 3). Furthermore, when compared with no treatment,
levothyroxine was not associated with preterm birth before
37 weeks (RR 0.71; 95% CI 0.49-1.03; p=0.07; 6 studies;
Figure S1). There was no significant interaction in live birth
across all subgroup analyses (p >0.05) and no subgroup
demonstrated an increase in this outcome compared with
no treatment (Figs. 4 and 5).

Quality assessment

Individual RCT appraisal is shown in Figure S2. No study
was considered to have a high risk of bias. Although the
limited number of included studies, there was no evidence of
publication bias based on the funnel plots (Figures S3 to S5).

Discussion

In this systematic review and updated meta-analysis of 11
RCTs and 2,749 patients with SCH, we compared levothy-
roxine with placebo or no treatment, evaluating pregnancy
loss, live birth, and preterm birth. Our main findings were:
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Fig.4 A Subgroup analysis of A
live birth based on TSH levels. Levothyroxine Control Risk Ratio
0y )
B Subgroup analysis of live Studies Events Total Events Total RR IC 95% Weight IV, Random, 95% CI
birth based on recurrent miscar- 2.5.4 mlU/L
riage Van-Dijk 2022 18 39 18 30 0.77 [0.49;1.20] 0.2% —
Dhillon-Smith 2019 55 145 58 143 0.94 (0.70;1.25) 0.5% R
Total (95% Cl) 73 184 76 173 0.88 [0.69; 1.13] 0.7 ——
4-10 miU/L
Casey 2017 335 339 331 338 1.01 [0.99;1.03] 98.6% ]
Rahman 2010 11 12 8 9 1.03 (0.77;1.37) 0.5% EE
Kim 2011 17 17 8 12 1.47 [1.01;2.15 0.3%
Total (95% Cl) 363 368 347 359 1.07 [0.91; 1.25] 99.3 ——
Total (95% CI) 436 552 423 532 1.01 [0.99; 1.03] 100.0% )
Heterogeneity: Tau? < 0.0001; Chi’ = 5.47, df = 4 (P = 0.24); I* = 27% ! !
Test for overall effect: Z = 0.93 (P = 0.35) 0.5 1 2
Test for subgroup differences: Chi’ = 1.65, df = 1 (P = 0.20) Favors control  Favors levothyroxine
Levothyroxine Control Risk Ratio
Studies Events Total Events Total RR IC 95% Weight IV, Random, 95% ClI
no recurrent miscarriage é
Lazaro 2019 176 181 176 182 1.01 [0.97;1.04]) 30.7% '
Wang 2017 52 180 26 97 1.08 [0.72;1.61) 12.7% —_—tr—
Leng 2022 A 78 112 71 115 1.13 [0.93; 1.36) 23.5% -8
Total (95% Cl) 306 473 273 394 1.02 [0.95; 1.09]) 66.8 >
recurrent miscarriage
Van-Dijk 2022 18 39 18 30 0.77 [0.49;1.20) 11.0% —&—1——
Leng 2022 B 92 131 64 136 1.49 [1.21;1.84] 22.2% P —8—
Total (95% Cl) 110 170 82 166 1.10 [0.58; 2.11] 33.2 ————————
Total (95% CI) 416 643 355 560 1.10 [0.92; 1.33) 100.0% et
Heterogeneity: Tau® = 0.0288; Chi® = 15.87, df = 4 (P < 0.01); > = 75% f 1
Test for overall effect: Z = 1.05 (P = 0.29) 0.5 1 2
Test for subgroup differences: Chi? = 0.06, df = 1 (P = 0.81) Favors control Favors levothyroxine
Fig.5 A Subgroup analysis of A
live birth based on infertility Levothyroxine Control Risk Ratio
treatment. B subgroup analysis Study Events Total Events Total Weight RR 95% CI IV, Random, 95% CI
of live birth based on TPOAb Rahman 2010 11 12 8 9  459% 103 [0.77:1.37) ——
positivity Wang 2017 52 180 26 97  258% 1.08 [0.72:1.61) —ie—
Kim 2011 17 17 8 12 283% 147 [1.01:2.15) 88—
Total (95% CI) 80 209 42 118 100.0% 1.15 [0.93; 1.43] ———
Hotorogenoity: Tau® = 0.0046; Chi’ = 2.26, df = 2 (P = 0.32); I’ = 12% f 1
Test for overall effect: Z = 1.30 (P = 0.19) 0.5 1 2
Favors control  Favors levothyroxine
Levothyroxine Control Risk Ratio
Study Events Total Events Total Weight RR 95% CI IV, Random, 95% CI
Van-Dijk 2022 18 39 18 30 214% 077 [0.49;1.20) a—'}—
Dhillon-Smith 2019 55 145 58 143 51.9% 094 (0.70; 1.25) —
Wang 2017 52 180 26 97  26.7% 1.08 (0.72;1.61) —i—
Total (95% CI) 125 364 102 270 100.0% 0.93 [0.76; 1.15) —cm—
Heterogeneity: Tau® = 0; Chi* = 1.21,df = 2 (P = 0.55). I = 0% r 1
Test for overall effect: Z = -0.67 (P = 0.50) 0.5 1 2

Favors control  Favors levothyroxine
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(1) a significantly reduced risk of pregnancy loss with the
use of levothyroxine; (2) no significant association between
levothyroxine and live birth or preterm birth; and (3) no
significant interaction between all subgroups analyzed.

Pregnant women diagnosed with SCH are at a higher risk
of experiencing adverse outcomes, such as preterm deliv-
ery, hypertensive disorders of pregnancy, and preeclamp-
sia. More specifically, women with untreated SCH in early
pregnancy show a 1.9-fold risk of miscarriage compared
to euthyroid subjects [7]. The condition also has important
implications for neonatal outcomes, such as an elevated risk
of intellectual disability [21]. However, there is no current
consensus on the effectiveness of thyroid hormone replace-
ment therapy in pregnant women with SCH to prevent such
adverse outcomes [22]. Observational and randomized
data present conflicting conclusions, and as a result, vari-
ous scientific bodies, including the ATA and the European
Thyroid Association report weak or insufficient evidence on
the effectiveness of thyroxine treatment in pregnancy and
neonatal outcomes [9, 23].

To the best of our knowledge, this is the first meta-anal-
ysis to explore the efficacy of levothyroxine in different
subgroups of clinical interest. Our finding of pregnancy
loss was consistent with prior meta-analyses that were
performed adopting the old 2011 ATA criteria, such as
those of Rao et al., and Nazarpour et al., which also found
a reduced risk of pregnancy loss with the use of levothy-
roxine [24, 25]. However, more recent meta-analyses based
on the 2017 ATA criteria, such as the one performed by
Jiao and colleagues [11], found no differences in maternal
and neonatal outcomes between groups when restricted to
RCT data. This can be attributed to the fact that studies
in their analysis did not have enough statistical power to
reach firm conclusions, which was confirmed by their trial
sequential analysis. In addition to having included studies
with both 2011 and 2017 ATA criteria for a higher power
in our analyses, we have also included recent RCTs pub-
lished since prior reviews were conducted, resulting in a
larger pooled population and thus, more accurate conclu-
sions on the management of SCH.

This meta-analysis provides an up-to-date synthesis of
published RCTs that were not previously included in other
systematic reviews and meta-analyses, and the inclusion of
only RCTs minimizes the effect of confounding factors. In
addition, different subgroup analyses provide data that are
applicable in a range of clinical settings. Nonetheless, our
findings must be interpreted in the context of our study’s
limitations. First, it is important to note that some analyzes
were considered with significant heterogeneity. However,
this finding was expected in view of the variation in starting
doses of levothyroxine therapy and mean gestational age. To
minimize and interpret such heterogeneities, we conducted
subgroup analyses for each ATA criteria, TPOAD status,

@ Springer

fertility treatment and recurrent miscarriage. We cannot,
however, eliminate the impact of other clinical factors that
may have resulted in the observed discrepancy between stud-
ies. Furthermore, individual participant-level data was not
requested, limiting our ability to further delineate the effect
of variables such as race and geographical location which
have been suggested to greatly impact the variability of TSH
levels [26].

Conclusion

Although our meta-analysis has shown that treatment with
levothyroxine led to a significant reduction in the risk of
pregnancy loss, this finding contrasts with the results of
live birth and preterm birth, in addition to substantial het-
erogeneity in certain subgroups. Additional analyses are
warranted for individuals exhibiting thyroid stimulating
hormone levels exceeding four milliunits per liter, par-
ticularly when associated with recurrent miscarriage or
infertility.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00404-024-07512-3.
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