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Objectives: Thyroid autoimmunity is common in pregnant women and associated with thyroid dysfunction and
adverse obstetric outcomes. Most studies focus on thyroid peroxidase antibodies (TPOAbs) assessed by a
negative–positive dichotomy and rarely take into account thyroglobulin antibodies (TgAbs). This study aimed
at determining the association of TPOAbs and TgAbs, respectively, and interdependently, with maternal thyroid
function.
Methods: This was a meta-analysis of individual participant cross-sectional data from 20 cohorts in the
Consortium on Thyroid and Pregnancy. Women with multiple pregnancy, pregnancy by assisted repro-
ductive technology, history of thyroid disease, or use of thyroid interfering medication were excluded.
Associations of (log2) TPOAbs and TgAbs (with/without mutual adjustment) with cohort-specific
z-scores of (log2) thyrotropin (TSH), free triiodothyronine (fT3), total triiodothyronine (TT3), free
thyroxine (fT4), total thyroxine (TT4), or triiodothyronine:thyroxine (T3:T4) ratio were evaluated in a
linear mixed model.
Results: In total, 51,138 women participated (51,094 had TPOAb-data and 27,874 had TgAb-data). Iso-
lated TPOAb positivity was present in 4.1% [95% confidence interval, CI: 3.0 to 5.2], isolated TgAb
positivity in 4.8% [CI: 2.9 to 6.6], and positivity for both antibodies in 4.7% [CI: 3.1 to 6.3]. Compared
with antibody-negative women, TSH was higher in women with isolated TPOAb positivity (z-score in-
crement 0.40, CI: 0.16 to 0.64) and TgAb positivity (0.21, CI: 0.10 to 0.32), but highest in those positive
for both antibodies (0.54, CI: 0.36 to 0.71). There was a dose–response effect of higher TPOAb and TgAb
concentrations with higher TSH (TSH z-score increment for TPOAbs 0.12, CI: 0.09 to 0.15, TgAbs 0.08,
CI: 0.02 to 0.15). When adjusting analyses for the other antibody, only the association of TPOAbs
remained statistically significant. A higher TPOAb concentration was associated with lower fT4 ( p < 0.001)
and higher T3:T4 ratio (0.09, CI: 0.03 to 0.14), however, the association with fT4 was not significant when
adjusting for TgAbs ( p = 0.16).
Conclusions: This individual participant data meta-analysis demonstrated an increase in TSH with
isolated TPOAb positivity and TgAb positivity, respectively, which was amplified for individuals
positive for both antibodies. There was a dose-dependent association of TPOAbs, but not TgAbs, with
TSH when adjusting for the other antibody. This supports current practice of using TPOAbs in initial
laboratory testing of pregnant women suspected of autoimmune thyroid disease. However, studies on
the differences between TPOAb- and TgAb-positive women are needed to fully understand the spec-
trum of phenotypes.

Keywords: meta-analysis, pregnancy, thyroglobulin antibodies, thyroid, thyroid autoimmunity, thyroid per-
oxidase antibodies

Introduction

Thyroid autoimmunity in pregnant women is associ-
ated with altered thyroid function and adverse obstetric

outcomes (1–5). Whether the latter arises from a general
immune dysregulation or insufficient thyroid hormone pro-
duction, or both, is uncertain. Because thyroid hormones
regulate fetal development (1,6), maternal thyroid hormone
physiology and metabolism change during pregnancy (7).
This includes the pregnancy hormone human chorionic go-
nadotropin stimulating the thyrotropin (TSH) receptor to
increase thyroid hormone production. Also, estrogen-induced
increase in thyroxine (T4) binding globulin increases circu-
lating total thyroxine (TT4) to 150% of prepregnancy levels
by midgestation (7). Women with thyroid autoimmunity are
less likely to meet the increased demands for thyroid hor-
mone production during pregnancy (8).

Thyroid autoimmunity is the most common autoimmune
aberration in women of reproductive age, with a prevalence up
to 17% depending on population and cutoff for positivity (2,9).
A distinction between thyroid peroxidase antibodies (TPOAbs)
and thyroglobulin antibodies (TgAbs) is rarely applied and
most studies focus on TPOAbs. Up to 95% of patients with
Hashimoto’s thyroiditis have circulating TPOAbs, making this

the preferred laboratory marker for autoimmune hypothy-
roidism (10–12). Thus, the American Thyroid Association’
guidelines on thyroid and pregnancy recommend measurement
of TPOAbs to assess thyroid autoimmunity (9). However, in
some populations, TgAbs may be highly prevalent and could
be an equally sensitive marker of thyroid dysfunction. Unuane
et al. (13) found TgAbs associated with lower thyroid function
in infertile women, with isolated TgAbs in 5% of the women.
In a cohort of Danish pregnant women, the presence of either
antibody was associated with higher TSH concentrations,
however, only TgAb positivity was significantly associated
with lower free thyroxine (fT4) concentrations (14,15). Posi-
tivity for both antibodies had the highest association with
thyroid dysfunction (15). This was also the case in the First and
Second Trimester Assessment of Aneuploidy Risk (FaSTER)
trial of 9562 healthy pregnant women, finding higher TSH
concentrations in TgAb-positive women than antibody-
negative women, even higher in TPOAb-positive women, and
highest in women positive for both (16).

Studies investigating the role of thyroid autoimmunity
often focus on TPOAbs assessed by a dichotomous negative–
positive distinction, which may be too simplistic. Korevaar
et al. demonstrated a dose–response relationship of higher
TPOAb concentrations with higher TSH in healthy pregnant
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women (17). Similarly, Ashoor et al. (18) found a higher
proportion of healthy pregnant women with TSH above the
97.5th percentile among those positive for TPOAbs and
TgAbs, respectively; this proportion increased with higher
concentrations of either antibody (18).

Measurement of TPOAbs has been the preferred screening
tool in the past decades and TgAb effects have remained
understudied (9). Identifying a relevant role of TgAbs in
pregnant women would lead to reconsideration of study de-
signs, guidelines, and clinical practice.

We aimed to determine and quantify the effect of TPOAbs
and TgAbs, respectively, and interdependently, on maternal
thyroid function.

Materials and Methods

Participants

This study was a meta-analysis of individual participant
cross-sectional data within the Consortium on Thyroid and
Pregnancy, an international collaboration between cohorts
with data on thyroid function in pregnant women (19).
The Consortium cohorts were identified by a systematic
literature search, invitations to participate through inter-
national peer-reviewed journals, and individual contacts

(4). Cohorts with thyroid antibody measurements that
participated in a study on birth weight (5) were invited as
were three cohorts that subsequently joined the Con-
sortium. All cohorts consented to this study. Briefly,
studies of thyroid function and autoimmunity during
pregnancy in the general population, or in cohorts without
selection based upon patient subgroups, were included and
individual participant data collected with a standardized
codebook (5).

Participants with TPOAb or TgAb measurements, and
TSH or fT4, measurements were eligible. Women with
multiple pregnancy, pregnancy by assisted reproductive
technology, history of thyroid disease, or use of thyroid in-
terfering medication were excluded.

Laboratory analyses

All cohorts analyzed thyroid function and autoantibodies
by immunoassays (Supplementary Table S1 provides assay
specifications). To account for interlaboratory variation, all
thyroid function measurements were standardized to cohort-
specific z-scores (20–23). The manufacturer cutoffs defined
TPOAb and TgAb positivity (Supplementary Table S1). One
exception was made in the Northern Finland Birth Cohort

FIG. 1. Flowchart. Based on 20
cohorts participating in the Con-
sortium on Thyroid and Pregnancy,
we excluded all women with
known thyroid disease or use of
thyroid interfering medication, with
multiple pregnancies, with preg-
nancies achieved with assisted re-
productive technology (in vitro
fertilization or intracytoplasmic
sperm injection), and women who
lacked data on both thyroid anti-
body measurements (TPOAbs and
TgAbs) and both TSH and fT4.
fT4, free thyroxine; TgAbs, thyro-
globulin antibodies; TPOAbs, thy-
roid peroxidase antibodies; TSH,
thyrotropin.
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Study where the manufacturer cutoff was questioned why
previous studies had used the 95th percentile of the cohort as
cutoff (24,25).

Statistical analyses

Pooled prevalence estimates for thyroid antibody positivity
were based on meta-analyses (R metafor package version 3.0-
2 using a random effects model with the function rma.glmm).

For dichotomous analyses of antibody positivity versus
antibody negativity, associations with TSH and fT4, respec-
tively, were investigated for the following: (i) Women posi-
tive for both TPOAbs and TgAbs, (ii) women with isolated
TPOAb positivity, and (iii) women with isolated TgAb posi-
tivity, compared with women negative for both antibodies.
Differences were estimated by linear models with z-score of
log-transformed thyroid variables as outcome within each
cohort and estimates integrated in a meta-analysis.

The associations between continuous TPOAb and TgAb
concentrations and cohort-specific z-scores of TSH, free tri-
iodothyronine (fT3), total triiodothyronine (TT3), fT4, total
thyroxine (TT4), and triiodothyronine (T3):T4 ratio were
investigated in linear dose–response models with z-score as
outcome and log2 antibody concentration as predictor. Be-
cause some women lacked information about exact concen-
trations below the cutoff, antibody concentrations below the
cutoff were included as a binary predictor (Supplementary
Fig. S1). The reported effect estimate was an increase in
mean z-score per doubling of antibody concentration above
the manufacturer’s cutoff. The models were developed for
each cohort and integrated in a final meta-analysis where
cohort differences were accounted for by including random
effects for all regression parameters in a linear mixed model.

Associations with TPOAbs and TgAbs were evaluated
with and without mutual adjustment and with and without
adjustment for potential confounders. To reduce model
complexity and isolate the effect of the antibodies, we ac-
counted for potential confounding factors by transforming
outcomes to cohort-specific adjusted z-scores. Adjusted
z-scores were derived from a linear model for the log-
transformed outcome and included potential confounders:
gestational age (linear), age (linear), body mass index (line-
ar), fetal sex (0/1), smoking (0/1), and parity (0, 1, 2, 3+) if
available. The model was based on data from antibody-
negative pregnancies. Subsequently, z-scores were computed
as ‘‘(observed-predicted)/residual_sd’’ where ‘‘observed’’
was the outcome on log scale and ‘‘predicted’’ was the pre-
dicted value from the linear model.

In the primary analyses, missing data for potential con-
founders were imputed by multilevel multiple imputation,
creating five data sets for pooled analyses as previously de-
scribed (4,26). Sensitivity analyses were as follows: complete
case analyses, excluding outliers more than three standard
deviations from the mean on log-scale, excluding the Northern
Finland Birth Cohort, using the manufacturer’s cutoff for the
Northern Finland Birth cohort, excluding cohorts without
TgAb-data, and using cohort-specific 95th-percentiles of an-
tibody concentration as cutoff for antibody positivity.

To correct for multiple comparisons, p-values from
primary analyses were Bonferroni adjusted, while the re-
maining p-values were adjusted according to Benjamini
and Hochberg (27), which controls for false discovery rate.
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FIG. 2. Difference in TSH z-score according to thyroid antibody positivity. Forest plots illustrating the result of the
individual participant data meta-analysis of the increase in cohort-specific z-scores for TSH in women with isolated TPOAb
positivity (A), isolated TgAb positivity (B), and women who were both TPOAb and TgAb positive (C), compared with
women who were negative for both TPOAbs and TgAbs. CI, confidence interval; NFBC, Northern Finland Birth Cohort.
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Adjusted p/q-value <0.05 was considered statistically
significant. All statistical analyses and figures were made
in R-version 3.6.3 (28).

Ethics

All cohorts adhered to the legal requirements of the par-
ticipating countries, were approved by the local review
boards, and acquired participants’ informed consent unless
exemption was granted by ethics committees. Data were
treated according to the national data protection legislation.

Results

The final study population comprised 51,138 women, of
whom 51,094 had data on TPOAbs and 27,874 on TgAbs
(Fig. 1). Pooled prevalence estimates for antibody positivity
were 9.1% for TPOAbs (95% confidence interval, CI: 7.9 to
10.3, range across cohorts: 5.0–13.8%) and 9.5% for TgAbs
(CI: 6.2 to 12.8, range across cohorts: 4.3–16.6%). In the nine
cohorts with measurements of both antibodies (n = 27,874),
the pooled prevalence estimates for isolated TPOAb posi-
tivity were 4.1% [CI: 3.0 to 5.2], for isolated TgAb positivity
were 4.8% [CI: 2.9 to 6.6], and positivity for both antibodies
4.7% [CI: 3.1 to 6.3]. Supplementary Figure S2 illustrates the
correlation between TPOAbs and TgAbs, with correlations
ranging from 0.25 to 0.46.

Most cohorts originated from iodine-sufficient countries,
but the proportion of antibody-positive women ranged both
between the highest and lowest in iodine-sufficient and iodine-
deficient regions, respectively (Supplementary Table S2).
Demographic characteristics are summarized in Table 1.
Supplementary Tables S3 and S4 depict missing data by co-
hort, and cohort-specific characteristics are provided in Sup-
plementary Table S5 (demographics) and Supplementary
Table S6 (thyroid function).

Thyroid antibody positivity

TPOAb and TgAb positivity, respectively, was associated
with higher TSH concentrations (z-score increment with
TPOAb positivity 0.49 [CI: 0.38 to 0.60] and with TgAb
positivity 0.34 [CI: 0.22 to 0.47]).

In cohorts with data on both antibodies, distinguishing
between women with isolated TPOAbs (Fig. 2A), isolated
TgAbs (Fig. 2B), and those being positive for both (Fig. 2C),
the TSH concentration was higher in all subgroups compared
with women who were negative for both antibodies, with the
largest increment in women positive for both antibodies. These
findings remained consistent when TSH z-scores were adjusted
for potential confounders (isolated TPOAbs 0.39 [CI: 0.16 to
0.62], isolated TgAbs 0.26 [CI: 0.19 to 0.34], and positivity for
both 0.58 [CI: 0.43 to 0.74]). In women with dual antibody
positivity, fT4 concentration was lower compared with
antibody-negative women (-0.17, CI: -0.29 to -0.05). While
TPOAb-positive women had lower fT4 concentration than
TPOAb-negative women (-0.19, CI: -0.26 to -0.12), this was
not the case in TgAb-positive women compared with TgAb-
negative women (-0.06, CI: -0.18 to 0.06).

Thyroid antibody concentration

Among antibody-positive women, there was a significant
dose–response effect, with higher TPOAb concentrations

being associated with higher TSH concentrations—with and
without adjustment for confounders (Fig. 3A, B). Also,
higher TgAb concentrations were associated with higher
TSH concentration (Fig. 3C, D). Higher TPOAb concentra-
tions were associated with lower fT4 concentration both with
and without adjustment for confounders (Fig. 4A, B). How-
ever, higher TgAb concentrations were significantly associ-
ated with slightly lower fT4 concentration only when
adjusting for confounders (Fig. 4C, D).

When adjusting the linear mixed effect model analyses for
the presence of the other antibody, only higher TPOAb
concentrations remained significantly associated with higher
TSH concentrations (Table 2). A higher TPOAb concentra-
tion was associated with lower fT4 concentration, but not
significantly when adjusting for TgAbs (Table 2). Higher
TgAb concentrations had no significant association with fT4
concentration (Table 2).

Furthermore, a higher TPOAb concentration was associ-
ated with lower TT4 concentration (-0.08, CI: -0.10 to
-0.04) and higher T3:T4 ratio (0.09, CI: 0.03 to 0.14).
However, the association with lower TT4 concentration lost
significance when adjusting for TgAbs (-0.06, CI: -0.12 to
0.01). Supplementary Table S7 shows the remaining results
of the linear mixed effect model analyses for fT3, TT3, TT4,
and T3:T4 ratio, which showed no significant association
with TPOAb or TgAb concentrations.

Sensitivity analyses (Supplementary Table S8) for the
linear mixed effect model results were conducted but had
little effect on the results and none on the conclusions.

Discussion

In this individual participant data meta-analysis of 51,138
pregnant women, TSH concentrations were significantly
higher in women with isolated TPOAbs or TgAbs, which was
amplified in those who tested positive for both antibodies.
Among antibody-positive women, a higher TPOAb concen-
tration was associated with a higher TSH concentration,
which was independent of TgAb concentrations. In contrast,
while higher TgAb concentrations were also associated with
higher TSH, this was not significant when adjusting for
TPOAb concentrations. Only TPOAbs were associated with
lower fT4 in dichotomous and continuous analyses.

Importantly, this study adds new insights into the associ-
ation of TgAbs with thyroid function variables in pregnant
women. The findings confirm those of the FaSTER trial; TSH
concentrations were increased among TgAb-positive women,
more so in TPOAb-positive women, and the most in women
with both antibodies (16). However, this study also explored
the association on a continuous scale demonstrating that
the dose–response effect of TgAb concentrations on TSH
concentrations was no longer significant when adjusting
for TPOAbs. This is in accordance with findings from the
U.S. National Health and Nutrition Examination Survey
(NHANES) III study (n = 13,344) investigating thyroid
function and autoimmunity in the nonpregnant US popula-
tion between 1988 and 1994. In NHANES III, both TPOAb
positivity and TgAb positivity were associated with increased
odds ratios of having a TSH >4.5 mIU/L, but more so in the
TPOAb-positive participants (odds ratio 8.4 vs. 1.8), while
the TSH concentration was not increased in TgAb-positive
participants when adjusting for TPOAb positivity (29).
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An important lesson learned from long-term follow-up
studies of nonpregnant populations is that despite high
prevalences of thyroid autoimmunity, only some individu-
als progress to overt thyroid disease, while others remain
euthyroid and even turn antibody negative (30,31). Com-
bined, these data indicate that women with a higher TPOAb
concentration have a higher risk of thyroid function test ab-
normalities during pregnancy.

There may be several explanations for this study’s
findings. Numerous factors are involved in the develop-

ment of thyroid autoimmunity. Thyroid autoimmunity is
the result of a loss of tolerance toward self-antigens in the
thyroid gland that elicit T and B cell responses. Although
TPOAbs and TgAbs often co-occur in patients with au-
toimmune thyroid disease and fluctuate in parallel, they
likely represent separate immunological mechanisms
(32,33). The higher TSH concentration in individuals
with TPOAbs is thought to reflect a reduced functional
thyroid reserve due to ongoing or past autoimmune re-
actions toward the thyroid gland. Thus, TPOAbs fix

FIG. 3. Change in TSH with increasing thyroid antibody concentration. Forest plots illustrating the result of the individual
participant data meta-analysis of the change in cohort-specific z-scores for TSH with every doubling of thyroid antibody
(log2) concentrations. (A) Crude effect of increasing TPOAb concentration on TSH z-scores. (B) Effect of increasing
TPOAb concentration on TSH z-scores adjusted for potential confounders. (C) Crude effect of increasing TgAb concen-
tration on TSH z-scores. (D) Effect of increasing TgAb concentration on TSH z-scores adjusted for potential confounders.
Potential confounders included in analyses were maternal age, gestational age at blood sampling, parity, smoking status,
BMI, and fetal sex. ABCD, Amsterdam Born Children and their Development; ALSPAC, Avon Longitudinal Study of
Parents and Children; BMI, body mass index; EFSOCH, The Exeter Family Study of Childhood Health; HAPPY, Holistic
Approach to Pregnancy and the first Postpartum Year.
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complement and cause a cytotoxic reaction damaging the
thyroid gland (33). During pregnancy, the thyroid gland
would therefore not be able to accommodate the in-
creased need of thyroid hormone production, resulting in
increased TSH concentrations.

Conversely, TgAbs cannot directly affect the autoimmune
pathogenic process, but some epitopes recognized by TgAbs
(possibly driven by thyroglobulin iodination) are also recog-
nized by TPOAbs (33–35). Differences in the epitopes of such
cross-reactive antibodies could explain why some TgAb-
positive individuals develop overt thyroid disease, while others
remain euthyroid (33,36). Thus, TgAbs may theoretically be
able to trigger an immune reaction with TPOAb production and
cytotoxicity toward the thyroid gland, and ultimately an increase
in TSH. Nevertheless, TPOAb-mediated cytotoxic thyrocyte
destruction is a likely explanation for this and other studies
showing that TPOAb-positive women were more likely to have
high TSH concentrations and that the higher TSH concentration

found with higher TgAbs was no longer significant when cor-
rected for TPOAbs. However, this does not explain why women
with isolated TgAb positivity also had higher TSH concentra-
tions, although to a smaller extent. Historical studies illustrated
that hereditary dispositions determined differences in TgAb
immunoglobulin subtypes with different complement fixing
capabilities, but further mechanistic studies would be needed to
clarify this.

Although a higher TSH among TPOAb-positive women
was a consistent finding across cohorts, there was a markedly
higher TSH among TPOAb-positive women in the Exeter
Family Study of Childhood Health (EFSOCH) study. Be-
cause samples in EFSOCH were drawn at 28 weeks of ges-
tation, this could reflect an inability of the thyroid gland to
meet the pregnancy-related increased demands for thyroid
hormone production, which could be more evident in late
pregnancy (8). Also, pregnancy ameliorates thyroid antibody
concentrations by physiological changes in the immune

FIG. 3. (Continued).
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system needed to sustain pregnancy with the fetal semiallo-
graft (37). Thus, thyroid antibody concentrations decrease
during pregnancy (8,38,39) and in cohorts with samples
drawn in late pregnancy, women who are (still) thyroid an-
tibody positive may represent a more severe phenotype.

Also, differences in regional iodine intake could affect the
findings. In the Chen cohort, samples were mainly drawn in
late pregnancy, but TPOAb-positive women did not show the
same high TSH as in the EFSOCH cohort. This likely reflects
differences in iodine availability (EFSOCH being from an
iodine-deficient and Chen from an iodine-sufficient region),
where a lower iodine availability could exacerbate the inability

to compensate the increased thyroid hormone production de-
mands. Although the present study demonstrated an associa-
tion between thyroid autoimmunity and higher TSH across
cohorts, the extent of this association is likely to differ ac-
cording to gestational age at blood sampling and varying re-
gional iodine availability.

Strengths and limitations

This study provides important new insight into the asso-
ciations between TPOAbs and TgAbs and thyroid function
during pregnancy, which can guide clinical practice and

FIG. 4. Change in fT4 with increasing thyroid antibody concentration. Forest plots illustrating the result of the individual
participant data meta-analysis of the change in cohort-specific z-scores for fT4 with every doubling of thyroid antibody (log2)
concentrations. (A) Crude effect of increasing TPOAb concentration on fT4 z-scores. (B) Effect of increasing TPOAb
concentration on fT4 z-scores adjusted for potential confounders. (C) Crude effect of increasing TgAb concentration on fT4
z-scores. (D) Effect of increasing TgAb concentration on fT4 z-scores adjusted for potential confounders. Potential con-
founders included in analyses were maternal age, gestational age at blood sampling, parity, smoking status, BMI, and fetal sex.
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FIG. 4. (Continued).

Table 2. Association of Thyroid Peroxidase Antibodies and Thyroglobulin Antibodies

with Thyroid Function in Pregnant Women

Exposure (log2)

Outcome
(adjusted
z-scores) n Coefficient SE 95% CIL 95% CIU p

Adjusted
p-value

TPOAb without adjusting for TgAb TSH 45,968 0.13 0.01 0.11 0.15 <0.001 <0.001
TgAb without adjusting for TPOAb TSH 26,634 0.09 0.02 0.05 0.13 <0.001 <0.001
TPOAb adjusting for TgAb TSH 26,591 0.10 0.03 0.04 0.16 <0.001 <0.001
TgAb adjusting for TPOAb TSH 26,591 0.05 0.03 0.00 0.10 0.07 0.28
TPOAb without adjusting for TgAb fT4 46,106 -0.07 0.01 -0.09 -0.04 <0.001 <0.001
TgAb without adjusting for TPOAb fT4 26,721 -0.07 0.03 -0.14 -0.003 0.04 0.16
TPOAb adjusting for TgAb fT4 26,682 -0.04 0.03 -0.09 0.01 0.12 0.46
TgAb adjusting for TPOAb fT4 26,682 -0.05 0.04 -0.12 -0.02 0.18 0.71

CIL, confidence interval lower limit; CIU, confidence interval upper limit; fT4, free thyroxine; SE, standard error; TgAb, thyroglobulin
antibodies; TPOAb, thyroid peroxidase antibodies; TSH, thyrotropin.
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studies of adverse pregnancy outcomes. To our knowledge,
this is the largest to-date individual participant data-based
study of thyroid function and autoimmunity in pregnant
women. An advantage of the large number of individual
participants’ data was the opportunity to perform detailed
analyses of the dose–response effect of increasing thyroid
antibody concentrations, especially that of TgAbs, with sta-
tistical power to detect even small effects despite differences
in cohort characteristics and analytical methods. The findings
support the current practice of using TPOAbs in the initial
laboratory testing of pregnant women suspected of autoim-
mune thyroid disease, but in cases of suspected autoimmune
thyroiditis in women who are TPOAb negative, the mea-
surement of TgAbs may still be of value.

Comparing data from multiple cohorts allowed us to in-
vestigate if the association of TPOAbs and TgAbs with thy-
roid function differed between populations (e.g., different
laboratory methods, population iodine status) (40,41). Al-
most all included studies showed similar trends with higher
TSH and lower fT4 among antibody-positive women. In the
meta-analyses, we were able to overcome possible between-
cohort differences by developing cohort-specific z-scores
adjusted for confounders.

However, there are limitations to this study. First, the study
was based on a data collection within the Consortium on
Thyroid and Pregnancy and was not exhaustive in terms of
pregnancy cohorts with thyroid antibody measurements, and
not all cohorts had data on all exposures and/or outcomes.
Only nine cohorts had TgAb measurements reducing the
statistical power in analyses involving TgAbs. Second, the
study was cross-sectional, not allowing for follow-up mea-
surements of thyroid antibody concentration and monitoring
of thyroid (dys)function as pregnancy progressed. Third, the
study was based on established cohorts, and cross-laboratory
validation of the antibody measurements was not possible,
and neither was a detailed evaluation of the cohorts’ labo-
ratory quality control measures. Fourth, assays used for fT4
measurements are known to be prone to interference from
anti-T4-antibodies, which occur more often in individuals
with TPOAbs and TgAbs. This could affect the findings re-
lated to fT4.

Finally, the study results demonstrate associations be-
tween thyroid antibodies and thyroid function, but do not
provide insight into the mechanisms causing these findings or
whether TgAbs or TPOAbs were associated with adverse
pregnancy outcomes.

Conclusions

In this individual participant data meta-analysis, both
isolated TPOAb positivity and TgAb positivity were associ-
ated with higher TSH, and TSH was higher in women posi-
tive for both antibodies. Higher TPOAb concentrations were
dose dependently associated with higher TSH, which was
unaltered after adjustment for TgAbs. Although a similar
effect was found for higher TgAb concentrations, this was not
significant when controlling for TPOAbs. The findings likely
reflect a greater extent of cytotoxic destruction of the thyroid
gland by TPOAbs, whereas (isolated) TgAbs possibly indi-
cate an early, less destructive, and potentially reversible
phase of autoimmune thyroiditis. The findings support the
current practice of using TPOAbs in the initial laboratory

testing of pregnant women suspected of autoimmune thyroid
disease. However, further studies into the differences be-
tween TPOAb-positive and TgAb-positive individuals, as
well as mechanistic studies, are needed to fully understand
the spectrum of phenotypes.

Authors’ Contributions

S.B., U.F.-R., A.D., and T.I.M.K. designed the study. S.B.,
U.F.-R., J.L.F., and Y.X. developed the statistical analysis
plan, which was discussed and adjusted in collaboration with
T.I.M.K. and A.D. T.I.M.K. and A.D. were in charge of co-
hort identification and data collection for this study as part of
the Consortium on Thyroid and Pregnancy. L.-M.C., T.M.,
G.A., F.T., S.J.B., M.V., S.I., E.N.G., P.T., F.G., B.V., A.H.,
L.M., E.O., R.K., E.K.A., S.M., K.H., L.C., J.B., A.P., A.L.-B.,
L.B., R.P.P., E.N.P., S.M.N., L.C., T.G.V., P.V.P., J.P.W.,
K.H.N., E.S., X.L., and V.J.M.P. contributed substantially to
the establishment and data collection of the cohorts included
in this study, or the supervision and critical appraisal of this
study. S.B., J.L.F., Y.X., and U.F.-R. were responsible for the
statistical analyses. S.B. drafted the first version of the article,
which was critically discussed and approved by all the
coauthors.

Acknowledgments

The authors acknowledge all the hard work put into the
original gathering of the included cohorts and the contribu-
tion by the many pregnant women participating in the studies.
They appreciate the debates about immunological mecha-
nisms involved in thyroid autoimmunity with Prof. Claus
Henrik Nielsen.

Author Disclosure Statement

The following authors have disclosures not related to or
influencing this research project: S.B.’s research salary was
funded by Rigshospitalet’s Research Foundation and Syge-
sikring Danmark. U.F.-R.’s research salary was funded by
Kirsten and Freddy Johansen’s Foundation. E.K.A. is a
consultant for Veracyte, Inc., and Roche Diagnostics. S.M.
was supported by the Arkansas Biosciences Institute, the
major research component of the Arkansas Tobacco Settle-
ment Proceeds Act of 2000, and by the US Department of
Veterans Affairs Health Services Research & Development
Service of the VA Office of Research and Development,
under Merit review award number 1I21HX003268-01A1 (the
content of this study is solely the responsibility of the authors
and does not necessarily represent the official views of the
Department of Veterans Affairs or the US Government).

S.M.N. has received support from Roche Diagnostics,
Access Fertility, Modern Fertility, Ferring Pharmaceuticals,
TFP, and Merck. P.V.P.’s work is supported by the Ministry
of Health Care of Russian Federation: Governmental funding
research number 121031100288-5. Part of S.J.B.’s salary was
subsidized by Sonic Health (Douglass Hanly Moir Pathology
in Sydney). All other authors have nothing to disclose.

Funding Information

The present study was kindly supported by Kirsten and
Freddy Johansen’s Foundation, Beckett’s Foundation, and
Rigshospitalet’s Research Foundation, and the Netherlands

838 BLIDDAL ET AL.

D
ow

nl
oa

de
d 

by
 K

in
gs

 C
ol

le
ge

 L
on

do
n 

fr
om

 w
w

w
.li

eb
er

tp
ub

.c
om

 a
t 1

0/
30

/2
3.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 



Organization for Scientific Research (grant 401.16.020). In-
formation on funding for the original cohort studies is in-
cluded in Supplementary File S1. The funding sources had no
influence on the study design, interpretation of the findings,
or on the preparation of this article.

Supplementary Material

Supplementary File S1
Supplementary Figure S1
Supplementary Figure S2
Supplementary Table S1
Supplementary Table S2
Supplementary Table S3
Supplementary Table S4
Supplementary Table S5
Supplementary Table S6
Supplementary Table S7
Supplementary Table S8

References

1. Korevaar TIM, Medici M, Visser TJ, Peeters RP 2017
Thyroid disease in pregnancy: new insights in diagnosis
and clinical management. Nat Rev Endocrinol 13:610–622.

2. Bliddal S, Feldt-Rasmussen U 2014 TPOAbs as a risk
factor in pregnancy. In: Smyth P (ed) Thyroid International.
Merck KGgA, Darmstadt, Vol. 3, pp 1–20.

3. He X, Wang P, Wang Z, He X, Xu D, Wang B 2012 Thyroid
antibodies and risk of preterm delivery: a meta-analysis of
prospective cohort studies. Eur J Endocrinol 167:455–464.

4. Korevaar TIM, Derakhshan A, Taylor PN, Meima M, Chen
L, Bliddal S, Carty DM, Meems M, Vaidya B, Shields B,
Ghafoor F, Popova PV, Mosso L, Oken E, Suvanto E,
Hisada A, Yoshinaga J, Brown SJ, Bassols J, Auvinen J,
Bramer WM, Lopez-Bermejo A, Dayan C, Boucai L, Va-
feiadi M, Grineva EN, Tkachuck AS, Pop VJM, Vrijkotte
TG, Guxens M, Chatzi L, Sunyer J, Jimenez-Zabala A,
Riano I, Murcia M, Lu X, Mukhtar S, Delles C, Feldt-
Rasmussen U, Nelson SM, Alexander EK, Chaker L,
Mannisto T, Walsh JP, Pearce EN, Steegers EAP, Peeters
RP 2019 Association of thyroid function test abnormalities
and thyroid autoimmunity with preterm birth: a systematic
review and meta-analysis. JAMA 322:632–641.

5. Derakhshan A, Peeters RP, Taylor PN, Bliddal S, Carty
DM, Meems M, Vaidya B, Chen L, Knight BA, Ghafoor F,
Popova PV, Mosso L, Oken E, Suvanto E, Hisada A,
Yoshinaga J, Brown SJ, Bassols J, Auvinen J, Bramer WM,
Lopez-Bermejo A, Dayan CM, French R, Boucai L, Va-
feiadi M, Grineva EN, Pop VJM, Vrijkotte TG, Chatzi L,
Sunyer J, Jimenez-Zabala A, Riano I, Rebagliato M, Lu X,
Pirzada A, Mannisto T, Delles C, Feldt-Rasmussen U,
Alexander EK, Nelson SM, Chaker L, Pearce EN, Guxens
M, Steegers EAP, Walsh JP, Korevaar TIM 2020 Asso-
ciation of maternal thyroid function with birthweight: a
systematic review and individual-participant data meta-
analysis. Lancet Diabetes Endocrinol 8:501–510.

6. Krassas GE, Poppe K, Glinoer D 2010 Thyroid function
and human reproductive health. Endocr Rev 31:702–755.

7. Glinoer D, De NP, Bourdoux P, Lemone M, Robyn C, Van
SA, Kinthaert J, Lejeune B 1990 Regulation of maternal
thyroid during pregnancy. J Clin Endocrinol Metab 71:
276–287.

8. Glinoer D, Riahi M, Grun JP, Kinthaert J 1994 Risk of
subclinical hypothyroidism in pregnant women with
asymptomatic autoimmune thyroid disorders. J Clin En-
docrinol Metab 79:197–204.

9. Alexander EK, Pearce EN, Brent GA, Brown RS, Chen H,
Dosiou C, Grobman WA, Laurberg P, Lazarus JH, Mandel
SJ, Peeters RP, Sullivan S 2017 2017 Guidelines of the
American Thyroid Association for the diagnosis and man-
agement of thyroid disease during pregnancy and the
postpartum. Thyroid 27:315–389.

10. Prentice LM, Phillips DI, Sarsero D, Beever K, McLachlan
SM, Smith BR 1990 Geographical distribution of subclin-
ical autoimmune thyroid disease in Britain: a study using
highly sensitive direct assays for autoantibodies to thyro-
globulin and thyroid peroxidase. Acta Endocrinol (Copenh)
123:493–498.

11. McLachlan SM, Rapoport B 2014 Breaking tolerance to
thyroid antigens: changing concepts in thyroid autoimmu-
nity. Endocr Rev 35:59–105.

12. Feldt-Rasmussen U, Hoier-Madsen M, Bech K, Blichert-
Toft M, Bliddal H, Date J, Danneskiold-Samsoe B, Hege-
dus L, Hippe E, Hornnes PJ 1991 Anti-thyroid peroxidase
antibodies in thyroid disorders and non-thyroid autoim-
mune diseases. Autoimmunity 9:245–254.

13. Unuane D, Velkeniers B, Anckaert E, Schiettecatte J,
Tournaye H, Haentjens P, Poppe K 2013 Thyroglobulin
autoantibodies: is there any added value in the detection of
thyroid autoimmunity in women consulting for fertility
treatment? Thyroid 23:1022–1028.

14. Bliddal S, Boas M, Hilsted L, Friis-Hansen L, Tabor A,
Feldt-Rasmussen U 2016 The role of antithyroglobulin
antibodies in comparison with thyroid peroxidase auto-
antibodies in pregnant Danish women. Presented at the
ETA Annual Meeting 2016, Copenhagen, Denmark. DOI:
10.1159/isbn.978-3-318-05916-8.

15. Bliddal S, Boas M, Hilsted L, Friis-Hansen L, Tabor A,
Feldt-Rasmussen U 2015 Thyroid function and autoim-
munity in Danish pregnant women after an iodine fortifi-
cation program and associations with obstetric outcomes.
Eur J Endocrinol 173:709–718.

16. Lambert-Messerlian G, McClain M, Haddow JE, Palomaki
GE, Canick JA, Cleary-Goldman J, Malone FD, Porter TF,
Nyberg DA, Bernstein P, D’Alton ME 2008 First- and
second-trimester thyroid hormone reference data in preg-
nant women: a FaSTER (First- and Second-Trimester
Evaluation of Risk for aneuploidy) Research Consortium
study. Am J Obstet Gynecol 199:62–66.

17. Korevaar TIM, Pop VJ, Chaker L, Goddijn M, de Rijke
YB, Bisschop PH, Broeren MA, Jaddoe VWV, Medici M,
Visser TJ, Steegers EAP, Vrijkotte TG, Peeters RP 2017
Dose-dependency and a functional cut-off for TPO-
antibody positivity during pregnancy. J Clin Endocrinol
Metab 103:778–789.

18. Ashoor G, Kametas NA, Akolekar R, Guisado J, Nicolaides
KH 2010 Maternal thyroid function at 11–13 weeks of
gestation. Fetal Diagn Ther 27:156–163.

19. Korevaar TI, Taylor PN, Dayan CM, Peeters RP 2016 An
invitation to join the consortium on thyroid and pregnancy.
Eur Thyroid J 5:277.

20. Bliddal S, Feldt-Rasmussen U, Boas M, Faber J, Juul A,
Larsen T, Precht DH 2014 Gestational age-specific refer-
ence ranges from different laboratories misclassify pregnant
women’s thyroid status: comparison of two longitudinal
prospective cohort studies. Eur J Endocrinol 170:329–339.

THYROID AUTOIMMUNITY AND FUNCTION IN PREGNANCY 839

D
ow

nl
oa

de
d 

by
 K

in
gs

 C
ol

le
ge

 L
on

do
n 

fr
om

 w
w

w
.li

eb
er

tp
ub

.c
om

 a
t 1

0/
30

/2
3.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 



21. Wang R, Nelson JC, Weiss RM, Wilcox RB 2000 Accuracy
of free thyroxine measurements across natural ranges of
thyroxine binding to serum proteins. Thyroid 10:31–39.

22. Fereidoun A, Ladan M, Atieh A, Hossein D, Maryam T,
Sahar A, Hedayati M 2013 Establishment of the trimester-
specific reference range for free thyroxine index. Thyroid
23:354–359.

23. Thienpont LM, Van UK, Poppe K, Velkeniers B 2013
Determination of free thyroid hormones. Best Pract Res
Clin Endocrinol Metab 27:689–700.

24. Mannisto T, Surcel HM, Bloigu A, Ruokonen A, Harti-
kainen AL, Jarvelin MR, Pouta A, Vaarasmaki M, Suvanto-
Luukkonen E 2007 The effect of freezing, thawing, and
short- and long-term storage on serum thyrotropin, thyroid
hormones, and thyroid autoantibodies: implications for
analyzing samples stored in serum banks. Clin Chem 53:
1986–1987.

25. Mannisto T, Surcel HM, Ruokonen A, Vaarasmaki M,
Pouta A, Bloigu A, Jarvelin MR, Hartikainen AL, Suvanto
E 2011 Early pregnancy reference intervals of thyroid
hormone concentrations in a thyroid antibody-negative
pregnant population. Thyroid 21:291–298.

26. Audigier V, White IR, Jolani S, Debray TPA, Quartagno
M, Carpenter J, van Buuren S, Resche-Rigon M 2018
Multiple imputation for multilevel data with continuous
and binary variables. Stat Sci 33:160–183.

27. Benjamini Y, Hochberg Y 1995 Controlling the false dis-
covery rate—a practical and powerful approach to multiple
testing. J R Stat Soc Ser B 57:289–300.

28. R Core Team 2021 R: a language and environment for
statistical computing. Available at https://www r-project
org (accessed April 11, 2022).

29. Hollowell JG, Staehling NW, Flanders WD, Hannon WH,
Gunter EW, Spencer CA, Braverman LE 2002 Serum TSH,
T(4), and thyroid antibodies in the United States population
(1988 to 1994): National Health and Nutrition Examination
Survey (NHANES III). J Clin Endocrinol Metab 87:489–
499.

30. Mazziotti G, Premawardhana LD, Parkes AB, Adams H,
Smyth PP, Smith DF, Kaluarachi WN, Wijeyaratne CN,
Jayasinghe A, de Silva DG, Lazarus JH 2003 Evolution of
thyroid autoimmunity during iodine prophylaxis—the Sri
Lankan experience. Eur J Endocrinol 149:103–110.

31. Vanderpump MP, Tunbridge WM, French JM, Appleton D,
Bates D, Clark F, Grimley EJ, Hasan DM, Rodgers H,
Tunbridge F 1995 The incidence of thyroid disorders in the
community: a twenty-year follow-up of the Whickham
Survey. Clin Endocrinol (Oxf) 43:55–68.

32. Weetman AP 2013 The immunopathogenesis of chronic
autoimmune thyroiditis one century after hashimoto. Eur
Thyroid J 1:243–250.

33. McLachlan SM, Rapoport B 2004 Why measure thyro-
globulin autoantibodies rather than thyroid peroxidase au-
toantibodies? Thyroid 14:510–520.

34. Ruf J, Ferrand M, Durand-Gorde JM, Carayon P 1992
Immunopurification and characterization of thyroid auto-
antibodies with dual specificity for thyroglobulin and
thyroperoxidase. Autoimmunity 11:179–188.

35. Ruf J, Feldt-Rasmussen U, Hegedus L, Ferrand M, Carayon
P 1994 Bispecific thyroglobulin and thyroperoxidase au-
toantibodies in patients with various thyroid and autoim-
mune diseases. J Clin Endocrinol Metab 79:1404–1409.

36. Estienne V, Duthoit C, Costanzo VD, Lejeune PJ, Rotondi
M, Kornfeld S, Finke R, Lazarus JH, Feldt-Rasmussen U,
Franke WG, Smyth P, D’Herbomez M, Conte-Devolx B,
Persani L, Carella C, Jourdain JR, Izembart M, Toubert
ME, Pinchera A, Weetman A, Sapin R, Carayon P, Ruf J
1999 Multicenter study on TGPO autoantibody prevalence
in various thyroid and non-thyroid diseases; relationships
with thyroglobulin and thyroperoxidase autoantibody pa-
rameters. Eur J Endocrinol 141:563–569.

37. Abu-Raya B, Michalski C, Sadarangani M, Lavoie PM
2020 Maternal immunological adaptation during normal
pregnancy. Front Immunol 11:575197.

38. Feldt-Rasmussen U, Hoier-Madsen M, Rasmussen NG,
Hegedus L, Hornnes P 1990 Anti-thyroid peroxidase anti-
bodies during pregnancy and postpartum. Relation to
postpartum thyroiditis. Autoimmunity 6:211–214.

39. Weetman AP 2010 Immunity, thyroid function and pregnan-
cy: molecular mechanisms. Nat Rev Endocrinol 6:311–318.

40. Pedersen IB, Knudsen N, Carlé A, Vejbjerg P, Jorgensen T,
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