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Abstract

Context: Triiodothyronine (T3) is the bioactive form of thyroid hormone. In contrast to thyroid-stimulating hormone and free thyroxine, we lack
knowledge on the association of gestational T3 with adverse obstetric outcomes.

Objective: To investigate the associaiton of gestational free or total T3 (FT3 or TT3) with adverse obstetric outcomes.

Methods: We collected individual participant data from prospective cohort studies on gestational FT3 or TT3, adverse obstetric outcomes
(preeclampsia, gestational hypertension, preterm birth and very preterm birth, small for gestational age [SGA], and large for gestational age
[LGAI), and potential confounders. We used mixed-effects regression models adjusting for potential confounders.

Results: The final study population comprised 33 118 mother—child pairs of which 27 331 had data on FT3 and 16 164 on TT3. There was a
U-shaped association of FT3 with preeclampsia (P=.0069) and a J-shaped association with the risk of gestational hypertension (P=.029). Higher
TT3 was associated with a higher risk of gestational hypertension (OR per SD of TT3 1.20, 95% CI 1.08 to 1.33; P=.0007). A lower TT3 but not
FT3 was associated with a higher risk of very preterm birth (OR 0.72, 95% CI 0.55 to 0.94; P=.018). TT3 but not FT3 was positively associated
with birth weight (mean difference per 1 SD increase in TT3 12.8, 95% Cl 6.5 t0 19.1 g, P<.0001) but there was no association with SGA or LGA.
Conclusion: This study provides new insights on the association of gestational FT3 and TT3 with major adverse pregnancy outcomes that form the

basis for future studies required to elucidate the effects of thyroid function on pregnancy outcomes. Based on the current study, routine FT3 or TT3
measurements for the assessment of thyroid function during pregnancy do not seem to be of added value in the risk assessment for adverse

outcomes.

Key Words: triiodothyronine, pregnancy, preeclampsia, gestational hypertension, preterm birth, birth weight

Abbreviations: FT3, free triiodothyronine; FT4, free thyroxine; LGA, large for gestational age; SGA, small for gestational age; T3, triiodothyronine; TSH,
thyroid-stimulating hormone; TT3, total triiodothyronine; TPOAb = thyroid peroxidase antibodies.

Adequate maternal thyroid hormone availability during
pregnancy is important for regulation of maternal metabol-
ism, placentation, and fetal development (1). Consequently,
abnormalities in thyroid function tests are a risk factor for ad-
verse pregnancy and offspring outcomes, such as preeclamp-
sia, preterm birth, and small for gestational age (SGA)
neonates, that are leading causes for neonatal mortality, mor-
bidity, and noncommunicable diseases in later life (2-4). In
clinical practice, thyroid dysfunction during pregnancy is di-
agnosed based on abnormal thyroid-stimulating hormone
(TSH) and free thyroxine (FT4) concentrations (5). While
the association of TSH and FT4 with adverse pregnancy out-
comes has been extensively studied, less is known about the
association of free and total triiodothyronine (FT3 and TT3)
concentrations with adverse pregnancy outcomes. However,
filling this knowledge gap could add relevant new insights
from different dimensions.

First of all, T3 is the bioactive form of thyroid hormone.
Serum T3 concentrations are predominantly derived through
intracellular conversion of T4 by deiodinase enzymes in per-
ipheral tissues. Therefore, T3 is a different marker of tissue
thyroid hormone action and physiology than TSH or FT4.
Second, experimental studies show that T3 regulates placenta-
tion (6, 7) and T3 is transferred across the placental barrier,
after which it regulates fetal growth and development; how-
ever, maternal T3 does not reach the fetal brain (8).
Disruption of placentation and fetal growth are major risk

factors for adverse pregnancy outcomes (9, 10). Finally,
understanding the relation between T3 concentrations and ad-
verse pregnancy and child outcomes are relevant in relation to
levothyroxine treatment. Levothyroxine treatment outside of
pregnancy usually decreases T3 concentrations and/or the ra-
tio of T3 to T4, a change that theoretically could counteract
any positive levothyroxine effects (11, 12).

A relevant side note is that the measurement of both FT3
and TT3 are subject to limitations (13). Out of the 2, FT3 is
the biologically available hormone but immunoassays used
to measure FT3 concentrations may have vulnerabilities re-
lated to the low concentrations and (protein) interference, as
do measurements of FT4 (14). On the other hand, the meas-
urement of TT3 concentrations is more reliable but largely re-
flects the nonavailable T3 and is considerably affected by
pregnancy physiology, similar to that described for TT4
(14). It is likely that differences in biological and measurement
characteristics also translate to differences in any added clin-
ical value of measuring FT3 or TT3, but additional outcomes
will have to be studied in order to fully understand such con-
sequences, similar to what has been done for (F)T4 (15).

Investigating the association of free and total T3 with preg-
nancy outcomes can provide novel insights into the relation of
maternal thyroid hormone availability and adverse pregnancy
outcomes. Therefore, we investigated the association of FT3
and TT3 with adverse obstetric outcomes utilizing an individ-
ual participant data meta-analysis.
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Materials and Methods

The Consortium on Thyroid and Pregnancy (https:/www.
consortiumthyroidpregnancy.org) is a collaboration of birth
cohorts that aims to study the association of maternal thyroid
function and autoimmunity with adverse pregnancy and
child outcomes (3). For the current study, we followed the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses for Individual Patient Data guidelines and preregis-
tered our study protocol (PROSPERO 2019 CRD42019
147955), and deviations from the protocol are shown else-
where (Appendix p. 8 (16)). To identify studies for inclusion,
we conducted a systematic literature search for publications
on thyroid function during pregnancy, published from incep-
tion to June 11, 2020, with no language restrictions, using sev-
eral databases (Medline [Ovid], Embase.com, Web-of-Science,
Cochrane CENTRAL, and Google Scholar; detailed search
terms and strategy are in the Appendix (16)). The search was
repeated on June 21, 2022, to identify studies that would
have been eligible for inclusion but were published after the ori-
ginal search. Also, we identified unpublished studies through
personal contacts, advertisements at scientific conferences,
and invitations to join the consortium in medical journals
and on social media (17, 18). We included cohort studies in
which data were collected prospectively and that consecutively
included participants from the general population and/or with-
out active selection based on health status with either FT3 or
TT3 measurements together with data on gestational age at
birth, birth weight, and/or hypertensive disorders of pregnancy
(preeclampsia and/or pregnancy induced hypertension) avail-
able. We excluded studies in which participants received treat-
ment based on (abnormal) thyroid function tests
(predominantly hospital-based cohorts) or studies that only in-
cluded women with (overt) thyroid disease. Possible studies for
inclusion were independently assessed for suitability by 2 au-
thors (T.I.M.K. and A.D.) and any disagreement was resolved
by discussion with a third author (J.O.). Investigators from
each eligible study were invited to join the consortium using
the contact details on the identified reports; if unsuccessful,
we used contact details of other published studies or contacted
their coauthors or department. Upon agreement to participate,
we collected individual participant data using a standardized
codebook. All participants with either FT3 or TT3 measure-
ments and outcome data available were included. We excluded
participants with a miscarriage/stillbirth, preexisting thyroid
disease or thyroid-interfering medication usage, in vitro fertil-
ization treatment, or twin pregnancies. Quality of the studies
and risk of bias were assessed using the Newcastle—~Ottawa
scale. All cohorts were approved by a local review board and
required participant informed consent or had been granted ex-
emption from it by the local ethics committee. More details on
methods are provided elsewhere (Appendix (16)).

Exposures

For all cohorts, concentrations of FT3 and TT3 were log-
transformed and then converted to population-specific SD
scores after removal of outliers (x4 SD from the mean) to en-
able comparison between different cohorts and assays.

QOutcomes

The primary outcomes were documented preeclampsia or ges-
tational hypertension or the composite of these 2 outcomes (if

The Journal of Clinical Endocrinology & Metabolism, 2024, Vol. 109, No. 3

both available in the cohort); preterm birth and very preterm
birth (defined as a gestational age at birth of less than 37 or 32
weeks, respectively); and small for gestational age (SGA),
large for gestational age (LGA), and birth weight (as a con-
tinuous variable). To define SGA and LGA, birth weight was
standardized according to gestational age at birth and fetal
sex per cohort to take into account population-specific varia-
tions. SGA was defined as a standardized birth weight below
the 10th cohort-specific percentile, and LGA as a standardized
birth weight above the 90th cohort-specific percentile, accord-
ing to the definition of the World Health Organization (19).
Secondary outcomes were gestational age at birth (as weeks
continuously), low birth weight (birth weight below 2500 g),
and macrosomia (birth weight above 4000 g).

Statistical Analyses

We used generalized linear mixed-effect regression models
with a random intercept for each cohort to study the associ-
ation of FT3 and TT3 concentrations in full and normal range
(2.5th to 97.5th percentiles per cohort) with preeclampsia,
gestational hypertension, preterm birth, SGA, and LGA.
Linear mixed-effect regression models with a random inter-
cept for each cohort were used to study the association of
FT3 and TT3 with birth weight or gestational age at birth.
All analyses of primary outcomes were also performed by a
2-step approach with random-effect models according to
DerSimonian and Laird to pool estimates of the cohorts and
assess heterogeneity across studies using the I? statistic and
95% CI (20). We assessed potential publication bias using
funnel plots and Egger tests. All models were adjusted for ma-
ternal age, body mass index, ethnicity, smoking, parity, gesta-
tional age at blood sampling, fetal sex, and gestational age at
birth (the last 2 just for birth weight outcomes). Risk differen-
ces and corresponding 95% Cls were calculated according to
Newcombe and Bender, taking into account baseline risk
imprecision calculated using the Wilson score method, and
were adjusted for covariates and could thus deviate from
nonadjusted percentages (21). We used multilevel multiple
imputation for missing data on covariates creating 5 imputed
datasets for pooled analyses (22). All statistical analyses
were performed using R statistical software version 3.6.2
(R Development Core Team (2018), Vienna, Austria; pack-
ages Ime4, mice, micemd, metafor, sjPlot).

Sensitivity Analysis

We studied the highest and lowest Sth percentiles of FT3 and
TT3 as additional parameters, as compared to the middle 50
percentiles to study the outskirts of the distributions while op-
timizing statistical power. Furthermore, we performed ana-
lyses for preterm and very preterm birth only in women
with gestational age at the time of sampling earlier that 37
or 32 weeks, respectively. Also, analyses for preeclampsia
and gestational hypertension were limited to women with ges-
tational age at the time of sampling earlier than 24 weeks only.
In addition, effect modification of the association of FT3 or
TT3 with adverse pregnancy outcomes by known risk factors
was investigated by adding product interaction terms to the
models according to the predefined protocol. Finally, we add-
itionally adjusted all analyses with FT4, TSH, or thyroid per-
oxidase antibodies (TPOAb) positivity to investigate
independent associations of FT3 or TT3 with the risk of ad-
verse obstetric outcomes.
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| Systematic search N=3,464 studies |
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| Eligible studies based on title/abstract N=50 |

Excluded due to:
- No original research (N=15)

- Selected population (N=13)

Eligible studies based on full paper N=22

Not reachable/
"l Declined participation N=10

(including retired/data sharing issue)

‘—| Dataset included via consortium N=3

A\ 4

Final datasets included N=15
Including N=34,845 pregnant women

1,727 exclusions:
218 twin pregnancies

Final study population N=33,118
Data availability:
FT3  N=27,331 (12 cohorts)
TT3  N=16,164 (6 cohorts)

Figure 1. Flowchart of the study population.

Results

We identified 3464 reports of which 50 were eligible for in-
clusion based on title and abstract screening (Fig. 1). After
reading full texts, a total of 22 cohorts were invited to partici-
pate out of which 12 agreed to participate. Subsequently,
after addition of 3 cohorts with unpublished data through
members of the Consortium on Thyroid and Pregnancy, 15
cohorts were included in the study. We identified 4 studies
after the search update that would have been eligible for in-
clusion but were published after the original search
(Appendix p. 10 (16)). After exclusions, the final study popu-
lation included 33 118 participants (Fig. 1) with a mean (SD)
age of 29 (5.3) years and a median (95% range) gestational
age at the time of sampling of 12.4 (7.0 to 40.0) weeks
(Table 1). Cohort-specific characteristics, Newcastle—
Ottawa Quality Assessment Scale scores, description of

388 IVF

754 pre-existing thyroid diseases
or thyroid medication usage

376 exclusions due to lack of data

on exposure or outcome

obstetric outcomes per cohort, and number (%) of missing
data of covariates per cohort are provided elsewhere
(Appendix (16)).

Preeclampsia and Gestational Hypertension

There was a U-shaped association of FT3 with preeclampsia in
both the full and normal range (Fig. 2) while there was no as-
sociation of TT3 with preeclampsia. There was a U-shaped as-
sociation of FT3 with gestational hypertension in the full
range but there was no association in the normal range
(Fig. 2; Figure 1 (16)); while a higher TT3 was associated
with a higher risk of gestational hypertension in the full range
but not in the normal range. The results for the composite out-
come of hypertensive disorders of pregnancy were mainly
driven by the associations of TT3 or FI3 with either pre-
eclampsia or gestational hypertension (Figures 2 and 3 (16)).
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Table 1. Characteristics of the total study population (n =33 118)*

Maternal characteristics

29.0 (5.3) (n=33078)
12.4 (7.0 to 40.0) (n = 32 836)

Age, years
Gestational age at the time of
sampling, weeks

Body mass index, kg/m?* 23.5 (4.5) (n=21742)

Parity, n (%) (n=30246)
0 17671 (58.4)
1 9364 (31.0)
2 2100 (6.9)
>3 1111 (3.7)

Smoking status, n (%) (n=32259)
Non/past smoker 30113 (93.3)
Current smoker 2146 (6.7)

Maternal test results
FT3 (pmol/L)

TT3 (nmol/L)

TPOAD positivity, n (%)

Obstetric outcomes

4.5 (2.8t0 6.4) (n=26973)
1.7 (1.0. to 3.5) (n=16 164)
2362/28 591 (8.3)
Preeclampsia, n (%) 551/30 301 (1.8)

Gestational hypertension, n (%) 544/23 358 (2.3)

Preterm birth (<37 weeks), n (%) 1827/33022 (5.5)

Very preterm birth (<32 weeks),n (%) 425/33 022 (1.3)

39.6 (35.0 t0 41.8) (n = 33 022)
3378 (529) (n =32 454)
3220/32454 (9.9)
3256/32454 (10.0)

Gestational age at birth, weeks
Birth weight, g
Small for gestational age, n (%)

Large for gestational age, n (%)

Table shows descriptive statistics of the characteristics of all included women
as the mean (SD), median (95 % range), or count (percentage), as
appropriate. Cohort-specific descriptive characteristics are shown in the
Appendix (16).

Abbreviations: FT3, free triiodothyronine; TT3, total triiodothyronine;
TPOADb, thyroid peroxidase antibodies.

“Number of participants with available data on either FT3 or TT3 and any of
the outcomes, unless otherwise indicated.

All results remained essentially unchanged when analyses
were limited to women with a gestational age at the time of
blood sampling earlier than 24 weeks (Figures 4 and 5 (16)).
Further analysis showed that maternal age modifies the asso-
ciation of FT3 with gestational hypertension, with a higher
FT3 being associated with a higher risk of gestational hyper-
tension in women below 30 years of age (Figure 6 (16)).

Preterm Birth

There was no association of FT3 with preterm birth or very
preterm birth (Table 2). A higher TT3 was associated with a
higher risk of preterm birth (OR 1.10, 95% CI 1.00 to 1.21;
P=.039) in the normal range but not in the full range
(Table 2). A higher TT3 was associated with a lower risk of
very preterm birth in both the full and normal range
(Table 2; OR 0.72, 95% CI 0.55 to 0.94 and 0.68, 0.49 to
0.94, respectively). There was no association of TT3 or FT3
with gestational age at birth (Table 9 (16)).

Birth Weight

There was no association of FT3 or TT3 with SGA or LGA
(Table 3). There was no association of FT3 with birth weight
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(Table 3), whereas each 1 SD higher TT3 was associated with
12.8 g (95% CI 6.5 to 19.1) higher mean birth weight in the
full range and 15.0 g (7.4 to 22.5) in the normal range.
There was no association of FT3 or TT3 with low birth weight
or macrosomia (Table 10 (16)).

The sensitivity analyses of the association of lowest and
highest Sth percentiles of TT3 and FT3 with the adverse ob-
stetric outcomes (compared with the middle 50 percentiles) re-
flected the results of the continuous analyses (Tables 5 to 7
(16)). Additional adjustment with FT4, TSH, or TPOAb posi-
tivity did not change the results (Tables 11 and 12; Figures 7 to
9 (16)). Results of the 2-step analyses were generally the same
as 1 step, and the Egger’s test funnel plots did not show any
significant publication bias (Figures 10 to 23 (16)). The I sta-
tistics for heterogeneity range from 0% to 59%, indicating
low to moderate heterogeneity (Figures 10 to 23 (16)).

Discussion

The relevance of gestational T3 measurements has remained
unknown due to the historical focus on TSH and FT4 in this
research field. To the best of our knowledge, this individual
participant data meta-analysis is the largest study on the asso-
ciation of TT3 and FT3 with major adverse obstetric out-
comes to date. We believe that the results of this study are
best interpreted with a broad and critical view, taking into ac-
count especially the similarities and differences of the results
for FT3 vs TT3 and considering the results from previous
studies comparing the associations of TT4 vs FT4 with ad-
verse pregnancy outcomes (14, 15).

We identified a U-shaped association of FT3 with
gestational hypertension and preeclampsia while higher TT3
was associated with gestational hypertension but not with
preeclampsia. These results are unlikely to have occurred
due to reverse causation as analyses excluding measurements
performed after 24 weeks showed similar results. Interesting-
ly, in a previous study from this consortium (2), we showed
that there is a U-shaped association of TSH but not FT4
with preeclampsia, which is a counterintuitive finding when
considering the negative feedback system of the hypothalam-
ic—pituitary—thyroid axis. The discrepancy between TSH and
FT4 in that study may have been due to differences in FT3
concentrations. A counterargument for this is that there was
no association of TSH or FT4 with gestational hypertension
in our previous study, which is opposite to the current study.
Future studies are required to investigate any potential disrup-
tion of thyroid function during preeclampsia following experi-
mental studies that show disruption of transthyretin
physiology and hepatic deiodinase activity (23, 24). This
may indicate that current results and previous findings on
FT4 and TSH could be spurious due to reverse causation.
On the other hand, there is evidence that the effects of T3
on trophoblasts and maternal decidual cells partly regulates
the imbalance of angiogenic factors and cytokines that play
a major role in the etiology of adverse outcomes such as pre-
eclampsia (25, 26). Therefore, we hypothesize that the find-
ings related to hypertensive disorders in the current study
more likely reflect pathologic effects of abnormal T3 availabil-
ity on placentation rather than effects of hypertensive disor-
ders of pregnancy on T3 availability. However, we cannot
exclude the concept that early placental changes that would
ultimately result in preeclampsia affect placental deiodinase
expression or interfere in FT3 assays (27-29). Interestingly,
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Figure 2. Association of full range FT3 and TT3 with preeclampsia and gestational hypertension.
Table 2. The association of free and total T3 Z-scores with preterm birth
Preterm birth Very preterm birth
n n (%) outcome OR (95% CI) P value n (%) outcome OR (95% CI) P value
Z-scores (full range)
FT3 26510 1296 (4.9) 0.97 (0.91 to0 1.03) 36 169 (0.6) 0.86 (0.74 to 1.01) .075
TT3 16 046 657 (4.1) 1.03 (0.95 to 1.12) 35 53(0.3) 0.72 (0.55 to 0.94) .018
Z-scores (normal range)
FT3 25287 1218 (4.8) 1.00 (0.94 to 1.08) 79 162 (0.6) 0.86 (0.71 to 1.04) 12
TT3 15279 626 (4.1) 1.10 (1.00 to 1.21) 039 52(0.3) 0.68 (0.49 to 0.94) .020

Table shows the association of maternal free and total T3 (FT3 and TT3) in full or within the normal range (2.5th-97.5th percentiles) with preterm birth (<37
weeks) and very preterm birth (<32 weeks). All analyses were adjusted for maternal age, body mass index, ethnicity, smoking, parity, gestational age at blood

sampling and fetal sex.
Abbreviations: FT3, free triiodothyronine; TT3, total triiodothyronine.

additional adjustment with FT4, TSH, or TPOAb positivity
did not change our results for the association of FT3 with
hypertensive disorders of pregnancy which might mean the
findings for FT3 are independent from effects by TSH or FT4.

In the current study, there was no consistent association of
TT3 or FT3 with preterm birth (<37 weeks) which is similar
to previous studies investigating FT4 and total T4 (3, 15).
Interestingly, a lower TT3 was associated with a higher risk
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Table 3. The association of free and total T3 concentrations with birth weight

Small for gestational age

Large for gestational age

Birth weight (g)

n OR (95% CI) P value OR (95% CI) P value Mean difference (95% CI) P value
Z-scores (full range)
FT3 26269 1.02 (0.97 to 1.06) 34 1.00 (0.96 to 1.05) 75 2.38 (2.8 t0 7.6) 37
TT3 15 848 0.97 (0.91 to 1.01) 22 1.03 (0.98 to 1.09) .19 12.8 (6.5 to 19.1) <.0001
Z-scores (normal range)
FT3 25059 1.00 (0.95 to 1.06) 78 0.99 (0.94 to 1.05) 88 3.87 (2.4 t0 10.1) 22
TT3 15091 0.94 (0.88 to 1.00) .068 1.02 (0.96 to 1.09) 48 15.0 (7.4 to 22.5) .0001

Table shows the association of maternal FT3 and TT3 (Z-scores) in full or within the normal range (2.5th-97.5th percentiles) with small for gestational age
(SGA), large for gestational age (LGA) and continuous birth weight (grams). All analyses were adjusted for maternal age, BMI, ethnicity, smoking, parity,
gestational age at blood sampling and fetal sex and gestational age at birth (for birth weight only).

of very preterm birth (<32 weeks) and there was a similar
direction for the association of FT3 with very preterm birth,
although this association failed to reach statistical signifi-
cance. This is in line with the results of a previous study
from this consortium showing a negative association of
FT4 with very preterm birth but not preterm birth (3). The
difference between the results for preterm birth vs those for
very preterm birth could be due to a different underlying eti-
ology or it could be a reflection of the more overt phenotype
of the same pathogenesis (30). Importantly, very preterm
birth (<32 weeks) is an outcome that is clinically more rele-
vant than preterm birth (<37 weeks). Large observational
studies like the current study are the only practical means
to study these detrimental clinical outcomes with a relatively
low incidence considering the impracticality for randomized
trials. The interpretation of this finding is complicated by the
opposite result that a higher TT3 was associated with a high-
er risk of preterm birth, this could be a chance finding as it did
not replicate in the full range and was a much smaller effect
estimate than those for FT3 or very preterm birth.
Nonetheless, we do aim to further replicate these findings
and disentangle the current discrepancies using additional
datasets in the future.

We could not identify an association of FT3 with birth
weight outcomes while a higher TT3 was associated with a
higher birth weight and a lower risk of SGA. A previous study
has shown that TT3 was associated with higher fasting and
postprandial glucose concentrations while higher FT4 was as-
sociated with lower fasting and postprandial glucose concen-
trations (31), which are established risk factors for increased
fetal growth and birth weight. Therefore, the current discrep-
ancy between TT3 and FT3 results for birth weight could be a
reflection of feeding status. An alternative explanatory mech-
anism is that maternal binding protein status predominantly
affects TT3 concentrations, which are a reflection of maternal
estrogen concentration, which is positively associated with
birth weight (32, 33). Future studies with repeated measure-
ments and data on feeding status at blood draw are needed
to further study these hypotheses.

The interpretation of any thyroid function test in pregnancy
is complicated by changes in thyroid physiology and lack of
available pregnancy and center-specific reference ranges for
TSH and FT4. However, the interpretation of gestational
FT3 and TT3 concentrations is further complicated by a pau-
city of data. FT3 could be the optimal reflection of potential

T3 effects on the placenta and the fetus because it is a measure-
ment of the biologically available T3, although it has been ar-
gued that the assays for FT3 do not perform as well as those
for other thyroid function tests (34), which could be amplified
during pregnancy. Nonetheless, the between-participant dif-
ferences that are relevant for the current study are still likely
to be interpretable and valid despite potential misclassification
due to poor assay performance. While the TT3 assay has been
less criticized on performance (34), the TT3 concentration re-
flects >99% of the biologically inactive hormone and changes
considerably during pregnancy because of changes in thyroid
hormone-binding globulins, predominantly thyroxine-
binding globulin. Taking both the abovementioned consider-
ations into account, as well as the results of this study, there
seems to be no added value of routine FT3 or TT3 measure-
ments during pregnancy, due to current knowledge gaps;
however, the associations between FT3 and hypertensive out-
come of pregnancy and between TT3 and birth weight war-
rant further study.

This is the first individual participant data meta-analysis in-
vestigating the association of both TT3 and FT3 with major
adverse obstetric outcomes bringing together detailed datasets
from prospective population-based cohorts around the world.
Nonetheless, the results of this study should be considered as
exploratory and form the basis for future studies assessing the
effects of gestational thyroid function on pregnancy out-
comes. Our study is limited because we were unable to include
all cohorts with available data due to unwillingness to partici-
pate, data-sharing limitations, or lack of response from the
principal investigator. It is also important to note that causal-
ity of the associations in this study cannot be inferred, and re-
sidual or unmeasured confounding cannot be excluded even
though we have adjusted our models for several potential
and known confounders.

Conclusions

The results of this study provide novel insights on the associ-
ation of gestational FT3 and TT3 with major adverse preg-
nancy outcomes, which can inform future studies and
enhance the discussion on the relevance of FT3 vs TT3 meas-
urements in pregnancy. However, when considering currently
available knowledge including the results from our study,
there seems to be no added value of routine FT3 or TT3 meas-
urements during pregnancy.
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