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Ashraf Aminorroaya,13 Ulla Feldt-Rasmussen,14 Aya Hisada,15 Jun Yoshinaga,16 Maarten A.C. Broeren,17

Sachiko Itoh,18 Reiko Kishi,18 Ghalia Ashoor,19 Liangmiao Chen,20 Flora Veltri,21 Xuemian Lu,20

Peter N. Taylor,22 Suzanne J. Brown,23 Leda Chatzi,24 Polina V. Popova,25 Elena N. Grineva,26

Farkhanda Ghafoor,27 Amna Pirzada,28 Maryam Kianpour,13 Emily Oken,29 Eila Suvanto,30

Andrew Hattersley,31 Marisa Rebagliato,32–34 Isolina Riaño-Galán,34–37 Amaia Irizar,34,38,39

Martine Vrijheid,34,40,41 Juana Maria Delgado-Saborit,32,42 Ana Fernández-Somoano,34–36

Loreto Santa-Marina,34,38,43 Kristien Boelaert,44 Gabriela Brenta,45 Rima Dhillon-Smith,46 Chrysoula Dosiou,47

Jennifer L. Eaton,48 Haixia Guan,49 Sun Y. Lee,50 Spyridoula Maraka,51–53 Lilah F. Morris-Wiseman,54
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Background: International guidelines recommend targeted screening to identify gestational thyroid dysfunc-
tion. However, currently used risk factors have questionable discriminative ability. We quantified the risk for
thyroid function test abnormalities for a subset of risk factors currently used in international guidelines.
Methods: We included prospective cohort studies with data on gestational maternal thyroid function and
potential risk factors (maternal age, body mass index [BMI], parity, smoking status, pregnancy through in vitro
fertilization, twin pregnancy, gestational age, maternal education, and thyroid peroxidase antibody [TPOAb] or
thyroglobulin antibody [TgAb] positivity). Exclusion criteria were pre-existing thyroid disease and use of
thyroid interfering medication. We analyzed individual participant data using mixed-effects regression models.
Primary outcomes were overt and subclinical hypothyroidism and a treatment indication (defined as overt
hypothyroidism, subclinical hypothyroidism with thyrotropin >10 mU/L, or subclinical hypothyroidism with
TPOAb positivity).
Results: The study population comprised 65,559 participants in 25 cohorts. The screening rate in cohorts using
risk factors currently recommended (age >30 years, parity ‡2, BMI ‡40) was 58%, with a detection rate for overt
and subclinical hypothyroidism of 59%. The absolute risk for overt or subclinical hypothyroidism varied <2%
over the full range of age and BMI and for any parity. Receiver operating characteristic curves, fitted using
maternal age, BMI, smoking status, parity, and gestational age at blood sampling as explanatory variables, yielded
areas under the curve ranging from 0.58 to 0.63 for the primary outcomes. TPOAbs/TgAbs positivity was
associated with overt hypothyroidism (approximate risk for antibody negativity 0.1%, isolated TgAb positivity
2.4%, isolated TPOAb positivity 3.8%, combined antibody positivity 7.0%; p < 0.001), subclinical hypothy-
roidism (risk for antibody negativity 2.2%, isolated TgAb positivity 8.1%, isolated TPOAb positivity 14.2%,
combined antibody positivity 20.0%; p < 0.001) and a treatment indication (risk for antibody negativity 0.2%,
isolated TgAb positivity 2.2%, isolated TPOAb positivity 3.0%, and combined antibody positivity 5.1%;
p < 0.001). Twin pregnancy was associated with a higher risk of overt hyperthyroidism (5.6% vs. 0.7%; p < 0.001).
Conclusions: The risk factors assessed in this study had poor predictive ability for detecting thyroid function
test abnormalities, questioning their clinical usability for targeted screening. As expected, TPOAb positivity
(used as a benchmark) was a relevant risk factor for (subclinical) hypothyroidism. These results provide insights
into different risk factors for gestational thyroid dysfunction.
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Introduction

Thyroid hormones regulate the increased metabolic
demand during pregnancy as well as fetal growth and

development.1 It is ubiquitously recognized that maternal
gestational overt hypothyroidism requires levothyroxine
treatment due to a high risk of adverse pregnancy out-
comes.2–4 Milder forms of gestational thyroid function test
abnormalities such as subclinical hypothyroidism and iso-
lated hypothyroxinemia are much more prevalent5 and have
also been associated with a higher risk of adverse pregnancy
outcomes, including pregnancy loss,6 placental abruption,7

pre-eclampsia,8,9 gestational diabetes,10,11 small for gesta-
tional age,12,13 preterm birth11,14,15 and adverse effects on
offspring neurodevelopment.16,17

Nonetheless, for milder forms of gestational thyroid
function test abnormalities the absolute risk differences for
adverse pregnancy outcomes are small, and randomized
controlled trials yielded mixed results on the effect of le-
vothyroxine treatment on pregnancy outcomes and offspring
neurodevelopment.18–23 Consequently, many international
guidelines recommend a targeted screening in high-risk
women for the detection of gestational thyroid dysfunction
rather than universal screening.2,3,24

For the targeted screening approach, it is recommended to
use both major established risk factors for hypothyroidism
such as thyroid antibody positivity (when known), history of
head or neck radiation and amiodarone or lithium use, as well
as more common characteristics such as age above 30 years,
body mass index [BMI] above 40 kg/m2, or multiple prior
pregnancies.2 Other factors such as smoking status and ma-
ternal education have also been associated with thyroid
function test abnormalities in the past but are not currently
included in any guidelines.25

However, altogether these risk factors poorly distinguish
women at high risk of gestational thyroid disease. Their
combined use has been associated with the screening of 55–
78% of women, while detection rates vary from 75% to 85%
for women with overt hypothyroidism and 54–60% for wo-
men with subclinical hypothyroidism.26–28

The suboptimal differentiating potential of current risk
factors can at least partially be attributed to the characteristics
of the studies from which these were derived, since in those
studies (1) risk factors were identified in nonpregnant popu-
lations, (2) risk factors were identified for thyrotropin (TSH)
and free thyroxine (fT4) concentrations, rather than more
clinically relevant thyroid dysfunction states, and (3) there
was considerable between-study heterogeneity in methods
and populations hampering the generalization of results to
guidelines.2,3,24

To provide more homogeneous results that are better
suitable for incorporation into clinical guidelines, we per-
formed an individual participant data meta-analysis to study
risk factors for thyroid dysfunction in pregnancy. As a
benchmark, we additionally studied the association of thyroid
antibody positivity with different thyroid dysfunction states
in pregnancy.

Methods

This study was conducted within the Consortium on
Thyroid and Pregnancy (https://www.consortiumthyroid
pregnancy.org), an international research collaboration that
aims to study gestational thyroid (dys)function, physiology,
determinants, and clinical risk profiles. There was no indi-
cation for additional approval of the Institutional Review
Board, as all cohort studies included have obtained approval
separately already by local review boards.

For this study, we followed the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses for Individual
Patient Data guidelines and preregistered our study protocol
(PROSPERO CRD42023422290; Supplementary Appendix
S1). Cohorts included in the consortium were identified
through a rolling systematic literature review, as described
previously,14 or were included after responding to our public
invitations.29–32

Included in this study were prospective population-based
cohort studies without selection criteria related to health
status, with data available on potential risk factors and
TSH, fT4, thyroid peroxidase antibody (TPOAb) and/or
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thyroglobulin antibody (TgAb) status during pregnancy.
Quality of the studies and risk of bias were assessed
using the Newcastle-Ottawa scale.33 Exclusion criteria
were pre-existing thyroid disease and medication usage
affecting thyroid function test results. We analyzed multiple
gestation pregnancies and pregnancy achieved through
in vitro fertilization techniques (IVF) as a separate risk
factor, but in analyses of other risk factors these women
were excluded.

Definition of risk factors

Risk factors assessed in this study were those specified in
the 2017 American Thyroid Association (ATA) guidelines
for the diagnosis and management of thyroid disease during
pregnancy2 (if available in our data set) or those described in
literature.25,34–37

Risk factors assessed were maternal age, BMI, smoking
status (nonsmoking or quit after pregnancy was known vs.
continued smoking), parity (nulliparous, 1, 2, or ‡3 births
after 20 weeks of gestation), maternal education level (de-
fined according to the International Standard Classification of
Education38 as low [ISCED 0–2], medium [ISCED 3–4], or
high [ISCED 5–8]), gestational age at time of thyroid func-
tion testing in weeks, TPOAb and/or TgAb status (cutoff
defined per cohort according to assay manufacturer), multiple
gestation, pregnancy through IVF and iodine status (suffi-
cient vs. mild-to-moderate-deficiency39).

Iodine status was based on urinary iodine concentration
(sufficient 150–250 lg/L, mild-to-moderate deficient 50–
150 lg/L), either measured in the cohort or reported by na-
tional or international reports on iodine status at the study site
and during the time of participants inclusion.

Definition of outcomes

The primary outcomes were a treatment indication or
consideration, defined according to the 2017 ATA guide-
lines2 and thyroid function test abnormalities (overt and
subclinical hypothyroidism, isolated hypothyroxinemia,
overt and subclinical hyperthyroidism). Secondary outcomes
were continuous thyroid function test measurements (TSH
and fT4). Trimester-specific reference intervals used to de-
fine thyroid function test abnormalities were defined in a

cohort-specific manner based on the 2.5th and 97.5th per-
centiles in TPOAb negative women.

Overt hypothyroidism was defined as TSH above the
97.5th percentile and fT4 below the 2.5th percentile. Sub-
clinical hypothyroidism was defined as TSH above the
97.5th percentile and an fT4 within the normal range (2.5th–
97.5th percentile). Overt hyperthyroidism was defined as
TSH below the 2.5th percentile and an fT4 above the 97.5th
percentile. Subclinical hyperthyroidism was defined as a
TSH below the 2.5th percentile and an fT4 within the nor-
mal range. Isolated hypothyroxinemia was defined as an fT4
below the 2.5th percentile and a TSH within the normal
range.

We defined the trimesters as <13 weeks, 13–27 weeks, and
>27 weeks of gestation. A treatment indication was defined as
either overt hypothyroidism, subclinical hypothyroidism
with TSH >10 mU/L, or subclinical hypothyroidism with
TPOAb positivity. Since TPOAb status is part of the defini-
tion of a treatment indication, for the association of TPOAb
positivity with a treatment indication we alternatively defined
treatment indication as either overt hypothyroidism or TSH
>10 mU/L (regardless of TPOAb status) to avoid any self-
fulfilling definitions that include the exposure. The associa-
tion of TPOAb positivity with subclinical hypothyroidism
was studied separately.

Treatment indications for hyperthyroidism were outside
the scope of this study, since gestational hyperthyroidism is
often considered physiological, and we do not have data
available to differentiate between gestational transient thy-
rotoxicosis and Graves’ hyperthyroidism.2

A treatment consideration was defined as a TSH between
2.5 mU/L and the upper reference limit with concomitant
TPOAb positivity or subclinical hypothyroidism without
TPOAb positivity.2 No analyses on the association between a
treatment consideration and thyroid antibodies were per-
formed, since antibody status is part of the definition of a
treatment consideration. For cohorts with repeated mea-
surements, we used the first available sample for each
trimester.

Statistical analyses

We used generalized logistic mixed regression models
with a random intercept for each cohort to study the associ-
ation of the exposures with thyroid function test abnormali-
ties (compared with euthyroidism defined as TSH and fT4
between the 2.5th and 97.5th percentile) and a treatment in-
dication or consideration. We calculated cohort-specific TSH
and fT4 SD-scores to make values comparable between co-
horts/assays while retaining interindividual differences and
used linear mixed effect regression models with a random
intercept for each cohort to study the association of the ex-
posures with TSH and fT4.

All models were adjusted for maternal age, maternal ed-
ucation level, BMI, smoking, parity, gestational age at blood
sampling, and fetal sex. We used multilevel multiple impu-
tation for missing data on covariates creating five imputed
data sets for pooled analyses.40 In case of systematically
missing data for an exposure within a cohort, that cohort was
excluded from the analysis for that specific exposure. To
assess the predictive ability of combined risk factors to dis-
criminate women with thyroid hypofunction from normal

FIG. 1. Study flowchart.
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subjects, we calculated receiver operating characteristic
(ROC) curves.

ROC models were fitted using significant explanatory
variables. TPOAb/TgAb status was excluded from the
models to be able to assess both the direct predictive effects
and indirect predictive effects through thyroid autoimmunity.
All statistical analyses were performed using R statistical

software41 version 4.2.1 (packages lme4, mice, micemd, and
sjPlot42–45). More detailed information on statistical analysis
and a list of sensitivity analyses can be found in the Sup-
plementary Data S1.

Results

Study population

The final study population comprised 65,559 women from
25 cohorts (Fig. 1), characteristics of whom are shown in
Table 1. Of the total study population, the prevalence of thyroid
function test abnormalities was 0.4% for overt hypothyroidism,
3.2% for subclinical hypothyroidism, 2.2% for isolated hy-
pothyroxinemia, 1.4% for subclinical hyperthyroidism, and
0.9% for overt hyperthyroidism (Table 1). The prevalence was
1.7% for a treatment indication and 3.2% for a treatment
consideration (Supplementary Table S1). Cohort-specific
prevalence of thyroid dysfunction, detailed maternal demo-
graphics, and information on missing values per cohort are
presented in Supplementary Tables S1–S3.

Maternal age. Higher maternal age was associated with a
higher risk of subclinical hypothyroidism (absolute risks varied
from*3.3% to 4.8% for maternal age between 20 and 40 years;
Fig. 2), treatment indication (absolute risks varied from *1.1%
to 2.2% for maternal age between 20 and 40 years; Fig. 2) and
treatment consideration (absolute risks varied from *4.0% to
5.6% for maternal age between 20 and 40 years; Fig. 2).

In addition, higher maternal age was associated with a
higher risk of isolated hypothyroxinemia (absolute risks
varied from *1.2% to 2.8% for maternal age between 20 and
40 years; Supplementary Fig. S1). Sample sizes per analysis
and effect estimates for modeled associations are presented in
Supplementary Tables S4 and S5.

Maternal BMI. A higher BMI was associated with a
higher risk of overt hypothyroidism (absolute risk varied
from *0.5% to 0.8% for BMI between 20 and 40 kg/m2;
Fig. 2) while no association with subclinical hypothyroidism
and the risk of a treatment indication or consideration was
found (Fig. 2). Moreover, a higher BMI was associated with a
higher risk of isolated hypothyroxinemia (absolute risk var-
ied from *1.1% to 4.2% for BMI between 20 and 40 kg/m2;
Supplementary Fig. S1).

Parity. A higher parity was associated with a lower risk
of subclinical hypothyroidism (absolute risk varied from
*3.9% to 3.2% between nulliparity and parity ‡3; Fig. 3) and
treatment consideration (absolute risk varied from *4.8% to
3.3% between nulliparity and parity ‡3; Fig. 3). A higher
parity was also associated with a higher risk of isolated hy-
pothyroxinemia (absolute risk varied from *1.7% to 2.3%
between nulliparity and parity ‡3; Supplementary Fig. S2),
subclinical hyperthyroidism (absolute risk varied from
*1.4% to 2.6% between nulliparity and parity ‡3; Supple-
mentary Fig. S2) and overt hyperthyroidism (absolute risk
varied from *0.7% to 1.2% between nulliparity and parity
‡3; Supplementary Fig. S2).

Smoking status. Active smoking was associated with a
lower risk of subclinical hypothyroidism (*3.8% vs. 2.6%;
Fig. 3), treatment indication (*1.7% vs. 1.3%; Fig. 3) and

Table 1. Characteristics of the Total

Study Population

Maternal characteristics N = 65,559

Age (years) 29.4 (5.3) [N = 64,893]
Gestational age (weeks) 12.4 (6.1–35.9) [N = 65,559]
BMI (kg/m2) 24.1 (4.6) [N = 53,409]
Parity

0 31,920 (51.3%)
1 19,288 (31.0%)
2 6910 (11.1%)
‡3 4116 (6.6%)

Active smoking
Non/past smoker 55,359 (89.9%)
Current smoker 6234 (10.1%)

Maternal educationa

Primary 10,483 (23.6%)
Secondary 19,796 (44.6%)
Higher 14,075 (31.7%)

Maternal test results

TSH (mU/L) 1.2 (0.1–4.2) [N = 65,178]
fT4 (pmol/L) 14.0 (7.9–21.9) [N = 65,309]
TPOAb positivity 5015 (8.6%) [N = 58,401]
TgAb positivity 2822 (8.4%) [N = 33,403]

Overt hypothyroidism 261 (0.4%)
Subclinical hypothyroidism 1894 (3.2%)
Isolated hypothyroxinemia 1297 (2.2%)
Subclinical

hyperthyroidism
842 (1.4%)

Overt hyperthyroidism 533 (0.9%)
Treatment indicationb 1000 (1.7%)
Treatment considerationb 1786 (3.3%)

Pregnancy and child characteristics

Pregnancy through IVF 534 (1.3%) [N = 40,097]
Twin pregnancy 621 (1.6%) [N = 38,251]
Fetal sex

Female 25,185 (50.8%)
Male 24,363 (49.2%)

Descriptive statistics of all included women, denoted as the mean
(SD), median (95% range) or count (percentage) as appropriate.
Descriptive characteristics per cohort and detailed descriptions of
missing data are shown in the Supplementary Data.

aDefined according to modified International Standard Classifica-
tion of Education classification.

bA treatment indication was defined according to the 2017
American Thyroid Association guidelines as either overt hypothy-
roidism, subclinical hypothyroidism with TSH >10 mU/L, or
subclinical hypothyroidism with TPOAb positivity. A treatment
consideration was defined as a TSH between 2.5 mU/L and the
upper reference limit with concomitant TPOAb positivity or
subclinical hypothyroidism without TPOAb positivity.

BMI, body mass index; fT4, free thyroxine; IVF, in vitro
fertilization; TgAb, thyroglobulin antibodies; TPOAb, thyroperox-
idase antibodies; TSH, thyrotropin.
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treatment consideration (*4.4% vs. 3.7%; Fig. 3). In addition,
active smoking was also associated with a higher risk of iso-
lated hypothyroxinemia (*1.9% vs. 2.4%; Supplementary
Fig. S2) and a lower risk of overt hyperthyroidism (*0.7% vs.
0.4%; Supplementary Fig. S2).

Pregnancy through IVF or twin pregnancy. There was no
association between a pregnancy through IVF and thyroid
function test abnormalities (Fig. 4 and Supplementary Fig. S3).
No association was identified between a twin pregnancy and
overt or subclinical hypothyroidism, or treatment indication or

FIG. 2. Association of maternal age and BMI with the risk of thyroid function test abnormalities. A treatment indication
and consideration were defined according to the 2017 American Thyroid Association guidelines. BMI, body mass index.

FIG. 3. Association of parity and maternal smoking status with thyroid function test abnormalities. A treatment indication
and consideration were defined according to the 2017 American Thyroid Association guidelines.
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consideration (Fig. 4). A twin pregnancy was associated with a
higher risk of isolated hypothyroxinemia (*2.0% vs. 3.5%;
Supplementary Fig. S3), subclinical hyperthyroidism (*1.2%
vs. 3.0%; Supplementary Fig. S3), and overt hyperthyroidism
(*0.5% vs. 5.7%; Supplementary Fig. S3).

Thyroid autoimmunity. TPOAb positivity was associated
with a higher risk of overt hypothyroidism (*0.2% vs. 4.2%;
Fig. 5), subclinical hypothyroidism (*2.2% vs. 17.6%;
Fig. 5), and treatment indication (*0.2% vs. 3.9%, with
treatment indication alternatively defined as either overt hy-
pothyroidism or TSH >10 to avoid that the exposure is part of
the outcome; Fig. 5). Moreover, TPOAb positivity was as-
sociated with a higher risk of isolated hypothyroxinemia and
overt hyperthyroidism (approximate absolute risk differences
<1%; Supplementary Fig. S4).

Considering both TPOAb and TgAb, any thyroid autoim-
munity was associated with a higher risk of overt hypothy-
roidism (approximate risk for women negative for TPOAbs
and TgAbs 0.1%, isolated TgAb positivity 2.4%, isolated
TPOAb positivity 3.8%, and TPOAb and TgAb positivity
7.0%; Fig. 5), subclinical hypothyroidism (approximate risk
for women negative for TPOAbs and TgAbs 2.2%, isolated
TgAb positivity 8.1%, isolated TPOAb positivity 14.2%, and
TPOAb and TgAb positivity 20.0%; Fig. 5), and a treatment
indication (absolute risk for TPOAb and TgAb negative
women 0.2%, isolated TPOAb positivity 3.0%, isolated
TgAb positivity 2.2%, and TPOAb and TgAb positivity
5.1%; Fig. 5).

In addition, any thyroid autoimmunity was associated with
a higher risk of isolated hypothyroxinemia, overt and sub-
clinical hyperthyroidism (approximate absolute risk differ-
ences <1%; Supplementary Fig. S4).

ROC curves, screening, and detection rates. To assess
the predictive effect of combined significant risk factors, ROC
curves were calculated using maternal age, BMI, smoking
status, parity, and gestational age at blood sampling as ex-
planatory variables. Associated areas under the curve (AUC)
were 0.63 [95% confidence interval (CI) 0.60–0.67] for overt
hypothyroidism and 0.58 [CI 0.57–0.60] for subclinical hy-
pothyroidism. The AUCs for a treatment indication and con-
sideration were 0.63 [CI 0.62–0.65] and 0.58 [CI 0.57–0.60],
respectively (Fig. 6). The screening rate in all cohorts com-
bined using risk factors currently recommended (maternal age
>30 years, parity ‡2, and BMI ‡40) was 58%, with a detection
rate for overt and subclinical hypothyroidism of 59%.

Additional results and sensitivity analyses

Gestational age at blood sampling and maternal educa-
tion. Higher gestational age at blood sampling was associ-
ated with a lower risk of overt hypothyroidism (absolute risks
varied from *0.9% to 0.1% between week 6 and 36; Sup-
plementary Fig. S5). Gestational age was also nonlinearly
associated with all other states of thyroid dysfunction, with
higher risks of overt hyperthyroidism (Supplementary
Fig. S5) and treatment indication at week 10–12 and a lower
risk of subclinical hypothyroidism and a treatment consid-
eration between week 10 and 12 (Supplementary Fig. S6).
Maternal education was associated with subclinical hypo-
thyroidism, isolated hypothyroxinemia, and overt hyperthy-
roidism (approximate absolute risk differences <1%;
Supplementary Fig. S5).

TPOAb sensitivity analyses and adjustments. The as-
sociation of maternal age with subclinical hypothyroidism

FIG. 4. Association of pregnancy through IVF and twin pregnancy with thyroid function test abnormalities. A treatment
indication and consideration were defined according to the 2017 American Thyroid Association guidelines. IVF, in vitro
fertilization.
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was no longer statistically significant after adjusting for
TPOAb status ( p = 0.30; Supplementary Fig. S7). Adjust-
ment for TPOAb positivity did not change any other asso-
ciations (Supplementary Figs. S7–S10). Associations
between risk factors and TSH/fT4 were in line with analyses
on thyroid dysfunction states and are presented in Supple-
mentary Figures S11 and S12.

The association of TSH SD-scores with gestational age at
blood sampling significantly differed according to TPOAb
status (Supplementary Fig. S13). TPOAb positivity was as-
sociated with a positive increase of TSH SD-scores between
week 10 and 15 of gestation, while the absence of TPOAb
positivity was associated with a decrease of TSH SD-scores
during this period. For TPOAb positive women fT4 SD-
scores were lower, especially in early pregnancy (Supple-
mentary Fig. S13).

Risk of thyroid dysfunction per combination of risk fac-
tors. We stratified the incidence of outcomes per risk factor
and per combination of risk factors in Supplementary
Tables S6–S12. The absolute risks varied from 0.5% to 0.8%
for overt hypothyroidism and from 3.4% to 4.6% for sub-
clinical hypothyroidism in the presence of single or double
risk factors (Supplementary Tables S6 and S7). The absolute
risks varied from 1.7% to 2.3% for a treatment indication and
from 3.7% to 4.1% for a treatment consideration (Supple-
mentary Tables S8 and S9).

The risks for isolated hypothyroxinemia varied from 2.1%
to 15.9% in the presence of single or double risk factors and
was especially high in women with both a high BMI and age
>35 years (absolute risks varying from 9.2% to 11.6%) and for

women with a high BMI and parity ‡3 (absolute risks varying
from 10.2% to 15.9%; Supplementary Table S10). Sensitivity
analyses showed no interaction effect between maternal age
and BMI ( p = 0.70) and between BMI and parity ( p = 0.36).

Thyroid autoantibody positivity per thyroid dysfunction
state. Thyroid autoantibody positivity per thyroid dys-
function state is presented in Supplementary Table S13. Of
all women classified as overt hypothyroidism, 80.1% were
positive for TPOAb and/or TgAb. Out of all women classified
as subclinical hypothyroidism, 44.2% were positive for
TPOAb and/or TgAb (Supplementary Table S13).

Iodine status. No difference in the mean prevalence of a
thyroid function abnormalities was found between cohorts with
a mild-to-moderate iodine-deficient status and cohorts with a
sufficient iodine status (Supplementary Table S14). Iodine
status and trimester-specific reference intervals per cohort can
be found in Supplementary Tables S15 and S16.

Discussion

Identifying and quantifying risk factors for gestational
thyroid function test abnormalities may improve targeted
screening strategies. In this study, we show that higher ma-
ternal age, higher BMI, nulliparity, and nonsmoking status
are associated with a higher risk of gestational thyroid dys-
function or thyroid function test abnormalities for which
treatment is indicated or should be considered. However, the
absolute difference in the risk of thyroid dysfunction for these
risk factors was limited, questioning their added benefit for
targeted screening.

FIG. 5. Association of thyroid autoimmunity with thyroid function test abnormalities. A treatment indication and con-
sideration were defined according to the 2017 American Thyroid Association guidelines. Analyses with TPOAb and TgAb
were performed in a subset with data on both autoantibodies. *Since TPOAb positivity is part of the definition of a treatment
indication, treatment indication was alternatively defined as either overt hypothyroidism or TSH >10 mU/L. TgAb, thy-
roglobulin antibodies; TPOAb, thyroperoxidase antibodies.
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We studied TPOAb positivity as a benchmark for clini-
cally meaningful risk, and also provide data on TgAb posi-
tivity, showing that isolated TgAb positivity is a risk factor
for overt and subclinical hypothyroidism as well as for a
treatment indication, but not to the same extent as TPOAb
positivity.

International guidelines recommend using targeted
screening approaches to identify gestational thyroid dys-
function. Although we reached statistical significance to show
that maternal age, BMI, parity, and smoking status are risk

factors for gestational thyroid dysfunction, the small absolute
risk differences implicate that there is no clinically meaningful
difference that could improve screening efforts.46 This is
supported by the ROC curves and the corresponding AUCs
(ranging from 0.58 to 0.63; Fig. 6). Pragmatically, omitting the
use of these highly prevalent risk factors from a targeted
screening algorithm would result in less women screened.

In this study, at least one of the three studied risk factors
(maternal age >30 years, parity ‡2, or BMI ‡40) was present
in 58% of all women, while the detection rate for overt and

FIG. 6. Receiver operating characteristic curves. Visualization of discriminatory ability of significant explanatory variables;
maternal age, BMI, smoking status, parity, and gestational age at blood sampling. TPOAb/TgAb status were not included in
the models to be able to assess both the direct predictive effects and indirect predictive effects through thyroid autoimmunity.
A treatment indication and consideration are defined according to the 2017 American Thyroid Association guidelines. (A)
Overt hypothyroidism; (B) Subclinical hypothyroidism; (C) Treatment indication; (D) Treatment consideration.
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subclinical hypothyroidism was only 59%. These rates are
comparable with previous studies.26–28 These data aid the
general discussion on the harms and benefits of (targeted)
screening. On one hand, omitting these risk factors from a
targeted screening approach could result in reduced benefits
by lower detection of gestational hypothyroidism. On the
other hand, it would result in reduced harms due to both a
lower detection of mild thyroid function test abnormalities
(for which it remains unknown if levothyroxine treatment is
warranted) and less overdiagnosis and/or overtreatment. The
results of this study do not aid policy makers in re-
commending for or against universal or targeted screening.
Instead, the results of this study suggest the reconsideration
of risk factors for targeted screening and stimulate identifi-
cation of more relevant risk factors.

Currently, known TPOAb positivity has been included in
both obstetric and endocrinology guidelines as an indication
for gestational screening for thyroid dysfunction, while no
consensus has been reached on known TgAb positivity.2,3,24

As expected, TPOAb positivity was associated with a
meaningful higher risk of (subclinical) hypothyroidism
(Fig. 5). Vice versa, out of all women with overt hypothy-
roidism 68.1% was positive for TPOAbs and 35.0% of wo-
men with subclinical hypothyroidism were TPOAb positive
(Supplementary Table S13).

It was previously shown that in pregnancy, both TPOAb-
positivity and TPOAbs on a continuous scale are indepen-
dently associated with TSH and fT4 concentrations.47 TgAb
positivity and concentration, respectively, were also inde-
pendently associated with higher TSH concentrations but the
association between TgAbs and TSH and fT4 concentrations
were no longer significant after adjusting for TPOAbs.47

Based on this study, there seems little added value of adding
TgAb positivity on top of known TPOAb positivity as an
indication for thyroid function testing in pregnancy since the
vast majority of women with TgAb positivity were also
TPOAb positive (Supplementary Table S13).

Moreover, only 2.2% of women with isolated TgAb pos-
itivity had a treatment indication according to the 2017 ATA
guidelines (data not shown).2 Our results do support current
recommendations that in case of (known pre-existing)
TPOAb positivity, for instance as assessed during a fertility
program, additional testing for gestational thyroid function
should be performed. In the odd case that there is known pre-
existing TgAb positivity but an unknown TPOAb status, the
large overlap between positivity for both antibodies would be
an argument in favor of also testing gestational thyroid
function in these cases.

The results of this study also provide a physiological
perspective. A higher maternal age was associated with a
higher risk of overt and subclinical hypothyroidism, but this
was primarily mediated through TPOAb positivity, which is
in line with population-based studies and fits with the cu-
mulative risk of thyroid autoimmunity during aging.48,49 We
also found that a higher BMI was associated with higher TSH
and lower fT4 concentrations, which adds to mixed results
published so far.50–52 Multiple hypotheses have been postu-
lated for the potential bidirectional association of thyroid
function tests with BMI and obesity, including a role for
leptin, which indirectly stimulates TSH secretion and altered
deiodinase expression and activity in obese individuals
leading to changes in thyroid function tests, suggesting an

effect of BMI on thyroid function. Other hypothesis includes
a decreased energy expenditure in individuals with relatively
low fT4 concentrations possibly leading to weight gain,
suggesting an effect of thyroid function on BMI.53,54

Another noteworthy result is the association of increasing
parity with a lower risk for subclinical hypothyroidism and a
treatment consideration, which seems primarily driven by
lower TSH values in women with higher parity (Supple-
mentary Figs. S11 and S12). It could be hypothesized that
changes in either TPOAb or human chorionic gonadotropin
(hCG) are responsible for these findings, but results were
consistent after adjusting for TPOAb in our study and pre-
vious research on the association between parity and hCG
demonstrated lower hCG concentrations with increasing
parity.55,56 The recommendation by the 2017 ATA guidelines
to screen women with parity ‡2 was based on a postpartum
cohort, which could explain this discrepancy.2

Interestingly, smoking was associated with lower fT4 se-
rum concentrations, a lower risk of subclinical hypothy-
roidism, and a higher risk of isolated hypothyroxinemia.
These results are in line with other population-based studies
that found lower fT4 concentrations in smoking individuals,
lower thyroid autoimmunity, and a lower risk of hypothy-
roidism, although results are heterogeneous.37,57,58 And
while a protective effect of smoking may be suggested here, it
is unlikely that such an effect would persist if clinical end-
points would be taken into account.59 Moreover, smoking in
pregnancy has previously been associated with an increased
risk of other forms of thyroid dysfunction such as Graves’
disease and postpartum thyroiditis.36,60

Another relevant result is that twin pregnancy was asso-
ciated with overt and subclinical hyperthyroidism. In sub-
group analyses, this association was only present during early
pregnancy (8–14 weeks), which is in line with the results of a
recent Chinese study61 and coincides with the hCG peak at
the end of the first trimester that is more prominent in mul-
tiple pregnancies.62,63 To what extent the higher risk of hy-
perthyroidism in twin pregnancies also translates to the risks
of pregnancy complications remains to be elucidated.

In this study, we were able to assess the association of
multiple risk factors with thyroid function test abnormalities
in a homogenous way using a unique set of prospective co-
horts worldwide. Owing to data availability, we were not able
to study all known or potentially relevant risk factors. For
instance, a family or personal history of thyroid disease and
other autoimmune disorders are potentially relevant risk
factors to take into account in practice, but these could not be
assessed in this study. We were not able to assess the impact
of iodine status within a population due to lack of data.

Because of the fixed percentiles used to define reference
limits, the prevalence of thyroid dysfunction cannot differ
much between populations. As a result, upstream factors such
as the effect of iodine deficiency could be masked in our
study and results should be interpreted with care. Another
relevant pitfall in individual participant data meta-analyses
such as this study is the overinterpretation of statistically
significant results. We should caution in promptly interpret-
ing the clinical relevance of statistically significant results,
which we aimed to communicate in this discussion.

In conclusion, the risk factors assessed in our study were
associated with inadequate predictive ability to discriminate
women with gestational thyroid dysfunction from euthyroid
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women, questioning their value in targeted screening. Thy-
roid antibodies, especially TPOAbs, were associated with a
more relevant risk profile for overt and subclinical hypo-
thyroidism, supporting the current recommendations on
routine gestational screening in women with known thyroid
autoimmunity.

Taken together, the results of this study provide new in-
sights into different risk factors for gestational thyroid dys-
function, which can be considered in the development of
clinical guidelines and in medical practice and invite further
research to identify risk factors for gestational thyroid dys-
function that would be more effective in targeted screening
approaches.
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