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Abstract

Objective: Thyroid disease in women of reproductive age is mainly of autoimmune origin, 
and thyroid peroxidase antibodies (TPO-Ab) as well as thyroglobulin antibodies (Tg-Ab) 
are key markers. Adding to this, much focus in pregnancy is on euthyroid women who 
are thyroid antibody positive. Evidence to substantiate the cut-offs for the definition of 
thyroid autoantibody positivity in early pregnant women is warranted.
Methods: Stored serum samples from 14,030 Danish pregnant women were used for the 
measurement of TPO-Ab, Tg-Ab, TSH, and free thyroxine (ADVIA Centaur XPT, Siemens 
Healthineers). Among all women, a reference cohort of 10,905 individuals was identified 
for the establishment of antibody cut-offs. Percentile cut-offs for TPO-Ab and Tg-Ab were 
determined using regression on order statistics (the reference cohort). The established 
cut-offs were then applied (the full cohort), and frequencies of early pregnancy as well as 
later diagnosis of hypothyroidism were evaluated.
Results: The highest established cut-offs (95th, 97.5th, and 99th percentiles) were 59, 
68, and 81 U/mL for TPO-Ab and 33, 41, and 52 U/mL for Tg-Ab. When the cut-offs were 
applied in the full cohort, 11.0, 10.2, and 9.7% were TPO-Ab positive, whereas 13.3, 12.3, 
and 11.2% were Tg-Ab positive. Antibody-positive women (TPO-Ab and/or Tg-Ab) had 
higher median TSH and were more likely to have hypothyroidism in early pregnancy and 
to be diagnosed with hypothyroidism during follow-up.
Conclusions: This large study established and evaluated pregnancy-specific cut-offs for 
TPO-Ab and Tg-Ab. The findings are important regarding the classification of exposure in 
pregnancy and assessment of thyroid autoimmunity per se.

Introduction

Hypo- and hyperthyroidism in women of reproductive 
age are predominantly autoimmune disorders (1, 2). 
Thyroid autoantibodies are key markers of underlying 
autoimmunity, and thyroid peroxidase antibodies 

(TPO-Ab) as well as thyroglobulin antibodies (Tg-Ab) 
are the hallmarks of autoimmune hypothyroidism (3). 
Hypothyroidism is a concern in women who become 
pregnant, because of the association with adverse outcomes 
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of pregnancy and child development (4, 5). The adverse 
effects of severe and untreated maternal hypothyroidism 
are evident from the historical description of cretinism 
in children born to mothers with hypothyroidism caused 
by severe iodine deficiency and are further supported by 
experimental findings (6). However, the scientific focus on 
pregnant women has moved beyond overt hypothyroidism 
toward smaller abnormalities in maternal thyroid function. 
Furthermore, the role of thyroid autoimmunity per se is 
considered, and treatment of euthyroid pregnant women 
who are positive for TPO-Ab is a debated topic (4, 5).

The biochemical methods used for the assessment 
of maternal thyroid function and autoantibodies are 
important determinants of patient management and 
risk stratification of pregnant women. The evaluation of 
maternal thyroid function in early pregnancy is challenged 
by the physiological alterations in thyroid function and 
binding proteins associated with the pregnant state (7). 
Thus, pregnancy- and method-specific reference ranges 
are needed for the assessment of TSH and T4 (5). TPO-Ab 
and, to some extent, Tg-Ab are frequently measured in 
pregnant women. However, the need for pregnancy- 
and method-specific reference ranges or cut-offs is less 
considered and less evident. Pregnancy is associated with 
marked suppression of the maternal immune system, and 
lower levels of antibodies may be expected, particularly in 
the second half of pregnancy (8, 9). In many observational 
studies and randomized controlled trials (RCTs), the non-
pregnant cut-offs recommended by the assay manufacturer 
are used for the classification of TPO-Ab- and Tg-Ab-
positive women (10, 11, 12, 13). One may speculate on the 
feasibility of using non-pregnant cut-offs in pregnancy, 
and evidence to substantiate the cut-offs for the definition 
of autoantibody positivity in early pregnant women is 
warranted.

The aim of this study was to establish cut-offs for 
TPO-Ab and Tg-Ab in a large well-defined reference cohort 
of early pregnant women. Furthermore, the aim was to 
apply the different cut-off levels in a large, unselected 
cohort of early pregnant women to evaluate the frequency 
of antibody positivity and the concomitant frequency of 
early pregnancy hypo- and hyperthyroidism as well as later 
onset of maternal thyroid disease in the years following the 
pregnancy.

Materials and methods

The North Denmark Region Pregnancy Cohort (NDRPC) 
includes stored blood samples from 14,030 singleton 

Danish pregnant women from 2011 to 2015 (14). The blood 
samples were drawn in median pregnancy week 10 (range, 
4–20) as part of prenatal screening for chromosomal 
anomalies. Serum residues were stored at −80°C and used 
for the measurement of maternal thyroid function and 
autoantibodies after completed collection. The study 
was approved by the North Denmark Region Committee 
on Health Research Ethics (N-20150015) and registered 
according to the General Data Protection Regulation in the 
North Denmark Region (2015-034).

The biochemical analyses were performed in a routine 
hospital laboratory (Department of Clinical Biochemistry, 
North Denmark Regional Hospital, Denmark) that was 
accredited according to DS/EN ISO 15189, as previously 
described in detail (14). In brief, measurement of TSH, free 
T4 (fT4), TPO-Ab, and Tg-Ab was performed on an ADVIA 
Centaur XPT (Siemens Healthineers). Pregnancy week- and 
method-specific reference ranges for TSH have previously 
been established within the cohort (14) and were used for 
the identification of maternal hypo- and hyperthyroidism 
in early pregnancy (overt and subclinical abnormalities 
combined). The measurement range for TPO-Ab was 
28–13,000 U/mL and 15–2500 U/mL for Tg-Ab with the 
lower measurement range defined as the limit of detection 
(LoD). The cut-offs recommended by the manufacturer in 
non-pregnant adults were 60 U/mL for TPO-Ab and Tg-Ab.

The biochemical measurements were linked 
to information in Danish nationwide registers, as 
previously described (14, 15). Information on diagnosis 
and treatment of maternal thyroid disease was obtained 
from hospital diagnoses in the Danish National Hospital 
Register with information available from 1997 to 2018 
(16) and from redeemed prescriptions of levothyroxine 
(L-T4) and antithyroid drugs (ATD) in the Danish 
National Prescription Register from 1995 to 2020 (17). 
Maternal hyperthyroidism was defined as women who 
redeemed prescriptions of ATD and/or had hospital 
diagnosis of hyperthyroidism. Subsequently, women with 
hypothyroidism were identified as those who redeemed 
prescriptions of L-T4 and/or had a hospital diagnosis of 
hypothyroidism. Furthermore, women identified with 
hypothyroidism had no registration of thyroid surgery or 
radioiodine therapy, and thus, iatrogenic hypothyroidism 
was not included.

Onset of maternal hypo- or hyperthyroidism was 
defined by the first day of hospital contact or the first date 
of redeemed prescription, whichever came first, and the 
women were classified as having known (known at the time 
of blood sampling in pregnancy) or later diagnosed thyroid 
disease (first diagnosed and treated after the time of blood 
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sampling in pregnancy). Information obtained via linkage 
to the registers also included maternal age, origin, parity, 
pre-pregnancy BMI , smoking status in the first trimester 
of pregnancy, diabetes, and gestational age at birth. Most 
covariates were registered in the Medical Birth Register (18) 
and were only available for live births.

The present study included the full NRDPC cohort, 
and to ensure that each woman only participated once, the 
first blood sample drawn in the first pregnancy in the study 
period was assessed. From the full cohort of 14,030 women, 
we identified a reference cohort of 10,905 pregnant 
women for the establishment of cut-offs for TPO-Ab and 
Tg-Ab. A subgroup of 3125 women (22.3%) was excluded 
from the reference cohort because they had thyroid or 
other autoimmune diseases, used thyroid interfering 
medication, had abnormal TSH values in early pregnancy, 
and/or had values of TPO-Ab and/or Tg-Ab above the upper 
measurement ranges (Supplementary Fig. 1, see section on 
supplementary materials given at the end of this article). 
Abnormal TSH for this exclusion criteria was defined as 
TSH below 0.1 or above 2.9 mIU/L which are the lower and 
upper reference limits (2.5 and 97.5 percentiles) for TSH in 
first trimester of pregnancy previously established within 
the cohort (14).

The distributions of TPO-Ab and Tg-Ab were highly left-
censored with 5529 (50.7%) and 7240 (66.4%) of the results 
below the assay-specific LoD (Fig. 1). Such data distribution 
necessitates a certain statistical method, and regression on 
order statistics (ROS) is recommended (19, 20). Thus, ROS 
was used for the establishment of percentile cut-offs (75th, 
80th, 85th, 90th, 95th, 97.5th, and 99th) with 95% CIs 
for TPO-Ab and Tg-Ab after log-transformation (log-probit 
regression).

We then applied the established cut-offs in the full 
cohort of pregnant women and calculated maternal median 
TSH and fT4 with 95% CI in early pregnancy. Furthermore, 
we estimated the frequency of maternal hypo- and 
hyperthyroidism in early pregnancy and the frequency of 
later diagnosis of hypo- and hyperthyroidism according to 
(a) the different cut-offs established and (b) stratified levels 
of TPO-Ab and Tg-Ab defined by the percentile cut-offs 
and LoD. For the stratified analyses, we used multivariate 
logistic regression to estimate the odds ratio (OR) with 
95% CI for hypothyroidism in early pregnancy as well as 
later diagnosis of hypo- and hyperthyroidism within each 
antibody percentile level compared with the reference 
group of women who had TPO-Ab or Tg-Ab below the 
assay-specific LoD.

In the main analysis, we adjusted for maternal age 
and pregnancy week of blood sampling, and we evaluated 
the combined outcome of later hypo- or hyperthyroidism 
considering the sample size. In sub-analyses, we reported 
the separate outcome of later hypothyroidism and 
hyperthyroidism, and we restricted analyses to live births 
and additionally included maternal origin, parity, BMI, 
smoking, and diabetes in the adjusted model.

Analyses were performed using STATA version 17 (Stata 
Corp).

Results

Study cohort

Altogether 14,030 singleton pregnant women were 
included in the study, and main characteristics of the 
study population showed that 52% were below the age of 
30 years, 88% were of Danish origin, and 12,881 women 
(91.2%) ended the pregnancy with live birth. Considering 
covariates registered only for live births, 50.3% were 
expecting their first child, 11.8% were smoking during the 
pregnancy, and 39.9% had a pre-pregnancy BMI above 25 
kg/m2 indicating overweight or obesity.

For each woman in the cohort, any diagnosis or 
treatment of maternal thyroid disease was assessed from 
1995 up until 2020 and revealed that 358 women (2.6%) 
had known thyroid disease (hyperthyroidism (n  = 168), 
hypothyroidism (n  = 131), and others (n  = 59)) at the time 
of blood sampling in the early pregnancy, whereas 436 
(3.1%) were diagnosed with thyroid disease in the years 
following the pregnancy (hyperthyroidism (n  = 169), 
hypothyroidism (n  = 213), and others (n  = 54)). Median 
follow-up after the pregnancy was 7.1 years, ranging 
from 5.3 to 9.5 years, and the time intervals to onset of 
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Figure 1
Frequency distribution of thyroid peroxidase antibodies (TPO-Ab) and 
thyroglobulin antibodies (Tg-Ab) in the reference cohort of 10,905 
pregnant women. LoD is the assay-specific limit of detection (28 U/mL 
(TPO-Ab) and 15 U/mL (Tg-Ab)).
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hypothyroidism or hyperthyroidism after the pregnancy 
were median 3.6 years and 2.3 years, respectively.

Established cut-offs

The reference cohort included 10,905 pregnant women 
from the full cohort. Within the reference cohort, 
percentile cut-offs for TPO-Ab and Tg-Ab were established 
using ROS (Table 1). Results showed that the cut-offs for 
the antibodies differed. Tg-Ab cut-offs were in general 
lower than cut-offs for TPO-Ab. When comparing the cut-
offs established using ROS with the cut-offs that would 
appear from simply calculating the percentiles, similarities 
were seen for the lowest percentiles, whereas for the 95th 

percentile and upwards, simple use of centiles revealed 
higher values very different from the cut-offs found using 
ROS (Supplementary Table 1). The cut-offs found using 
ROS did not considerably change when women were 
included in the reference cohort irrespective of their early 
pregnancy TSH, when TSH was within the pregnancy-week 
specific reference ranges, or when restricted to live births 
(Supplementary Table 1).

The established cut-offs (Table 1) were then applied in 
the full cohort (n  = 14,030) of pregnant women (Table 2). 
As expected, the frequency of being antibody positive 
decreased with increasing percentile cut-off, and 11% were 
TPO-Ab positive and 13.3% were Tg-Ab positive with the 
95th percentile cut-off. These figures changed to 9.7% and 

Table 1 Established percentile cut-offs for thyroid peroxidase antibodies (TPO-Ab) and thyroglobulin antibodies (Tg-Ab) using 
regression on order statistics (ROS) within the reference cohort (n  = 10,905).

Percentiles
TPO-Ab (U/mL) Tg-Ab (U/mL)

Cut-off 95% CI Cut-off 95% CI

75th 37.83 37.82–37.85 17.40 17.39–17.40
80th 40.86 40.84–40.88 19.42 19.41–19.43
85th 44.70 44.67–44.72 22.08 22.06–22.10
90th 50.04 49.99–50.08 25.94 25.90–25.98
95th 59.15 59.08–59.22 32.95 32.87–33.03
97.5th 68.39 68.28–68.49 40.55 40.42–40.68
99th 80.95 80.80–81.10 51.61 51.40–51.82

Table 2 Early pregnancy TSH and free T4 levels among individuals in the full cohort (n  = 14,030) with thyroid peroxidase 
antibodies (TPO-Ab) or thyroglobulin antibodies (Tg-Ab) below or above the established cut-offs.

TPO-Ab (U/mL) TSH (mIU/L) Free T4 (pmol/L)
Cut-offa n Freq (%)b Median 95% CI Median 95% CI

≤28 6843 48.8 1.06 1.04–1.09 15.71 15.66–15.76
≤38 10,131 72.2 1.06 1.04–1.08 15.88 15.84–15.92
>38 3899 27.8 1.30 1.26–1.34 16.28 16.20–16.36
>41 3158 22.5 1.36 1.32–1.41 16.22 16.11–16.30
>45 2464 17.6 1.46 1.42–1.53 16.04 15.93–16.17
>50 1947 13.9 1.58 1.52–1.63 15.81 15.71–15.92
>59 1545 11.0 1.73 1.67–1.79 15.61 15.46–15.71
>68 1425 10.2 1.77 1.72–1.88 15.56 15.37–15.67
>81 1354 9.7 1.81 1.73–1.93 15.53 15.35–15.66
Tg-Ab (U/mL) TSH (mIU/L) Free T4 (pmol/L)
Cut-offa n Freq (%)b Median 95% CI Median 95% CI

≤15 8882 63.3 1.04 1.03–1.06 15.95 15.90–16.01
≤17 9887 70.5 1.05 1.30–1.06 15.96 15.91–16.01
>17 4143 29.5 1.35 1.31–1.39 16.03 15.95–16.11
>19 3379 24.1 1.41 1.37–1.45 15.91 15.82–16.01
>22 2655 18.9 1.51 1.46–1.55 15.78 15.69–15.87
>26 2172 15.5 1.58 1.54–1.64 15.64 15.54–15.73
>33 1870 13.3 1.64 1.58–1.69 15.57 15.46–15.67
>41 1726 12.3 1.68 1.62–1.74 15.55 15.42–15.66
>52 1567 11.2 1.69 1.62–1.77 15.56 15.41–15.66

aCut-off defined by percentiles (see Table 1) except for the lowest cut-off of 28 U/mL (TPO-Ab) and 15 U/mL (Tg-Ab), which are the limit of detection for 
each assay; bFrequency of all within the full cohort (n  = 14,030).
Freq, frequency.
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11.2% for TPO-Ab and Tg-Ab, respectively, when the 99th 
percentile cut-off was used (Table 2). For both antibodies, 
TSH increased and fT4 decreased with increasing percentile 
cut-off. The 95% CI for median TSH was overlapping when 
considering the 95, 97.5th and 99th percentile for TPO-Ab. 
A similar but less consistent trend was seen for Tg-Ab 
(Table 2).

Applied cut-offs

The cut-offs were then applied among women with no 
known thyroid disease (n  = 13,672), and the frequencies 
of early pregnancy hypo- or hyperthyroidism as well as 
later diagnosed hypo- or hyperthyroidism were evaluated 
(Table 3). With increasing applied percentile cut-off, the 
frequency of early pregnancy hypothyroidism increased, 
for example, the frequency was 12.0% among women with 
TPO-Ab above the 75th percentile (38 U/mL) and 25.4% 
among women with TPO-Ab above the 95th percentile (59 
U/mL) (Table 2). On the other hand, no such trend was seen 
for hyperthyroidism (Table 3). Considering later onset of 
hypo- and hyperthyroidism, registrations of diagnosis and 
treatment were more frequent with increasing percentile 
cut-off for both antibodies and for both thyroid function 
abnormalities; however, the trend was markedly more 
pronounced for hypo- as compared to hyperthyroidism 
(Table 3).

To evaluate in further detail the feasibility of the 
different percentile cut-offs, stratifications were performed 
with levels of TPO-Ab and Tg-Ab according to the different 
percentiles (Table 4). Again, TSH was increasing with 
increasing levels of the antibodies, and multivariate 
analyses revealed that TPO-Ab levels above 59 U/mL (95th 
percentile) were associated with a significantly higher risk 
of early pregnancy hypothyroidism as well as later hypo- or 
hyperthyroidism as compared to the reference group with 
non-detectable antibodies (values below LoD). For Tg-Ab, 
nearly all levels were significantly associated with early 
pregnancy hypothyroidism as compared to the reference 
group, but the risk estimate was higher with increasing 
Tg-Ab percentiles (Table 4). Considering Tg-Ab and later 
development of hypo- or hyperthyroidism, levels above 41 
IU/L (97.5th percentile) were associated with a significantly 
higher risk (Table 4).

The findings from the multivariate analyses did not 
considerably change when restricting analyses to live 
births and adjusting for additional maternal covariates 
(Supplementary Table 2). When considering later 
development of hypo- and hyperthyroidism separately, 
numbers were small in the stratified analyses; however, 

a similar trend was seen especially for outcomes of 
hypothyroidism (Supplementary Table 3).

Finally, we evaluated the frequency of combined 
TPO-Ab and/or Tg-Ab using the different percentiles cut-
offs (Supplementary Tables 4 and 5). These analyses showed 
higher maternal TSH with increasing percentile cut-offs 
and substantiated that irrespective of the percentile cut-
off applied, women with the presence of both TPO-Ab 
and Tg-Ab had the highest median TSH (Supplementary 
Table 4). For outcomes of early pregnancy and later 
hypothyroidism, results showed that the frequency of 
maternal hypothyroidism increased when increasing the 
percentile cut-off applied (Supplementary Table 5). On 
the other hand, such a trend was not seen for outcomes of 
maternal hyperthyroidism (Supplementary Table 6).

Discussion

In a large cohort of Danish pregnant women, we 
established cut-offs for TPO-Ab and Tg-Ab using the 
appropriate statistical method to overcome the highly 
left-censored distributions of the thyroid autoantibodies. 
It was a key finding that the cut-offs for TPO-Ab and 
Tg-Ab were not interchangeable, and thus, regardless of 
the selected percentile, cut-offs for Tg-Ab were lower than 
those for TPO-Ab and lower than the method-specific 
cut-off recommended in non-pregnant adults. When 
the established cut-offs were applied to the full cohort of 
pregnant women, the frequency of Tg-Ab-positive women 
was higher than TPO-Ab. Each of the autoantibodies 
was associated with maternal hypothyroidism in early 
pregnancy and with later onset of thyroid disease in the 
mother and the risk increased with increasing percentile 
cut-off.

The autoimmune etiology of thyroid disease and the 
presence of thyroid autoantibodies have been known and 
considered for decades. Thus, TPO-Ab and often Tg-Ab have 
long been used as markers of underlying autoimmunity 
in patients with newly diagnosed hypothyroidism (3). 
Currently used methods for the measurement of these 
autoantibodies are mainly automatic immunoassays, the 
methods are not standardized, and assay principles are not 
completely similar. Thus, results obtained with one method 
may not be comparable with results from another method 
(21, 22). Consequently, cut-offs are not interchangeable 
between the available methods emphasizing the 
need for method-specific cut-offs. The importance of 
considering the local assay used for the measurement of 
these thyroid autoantibodies is illustrated, for example, 
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in the management of patients with differentiated 
thyroid carcinoma. In this patient group, the risk of 
misclassification when using a uniform guideline-defined 
cut-off for Tg-Ab was recently illustrated (23).

Pregnant women constitute another high-risk patient 
group in which case the thyroid autoantibodies are used 
for other reasons than simply defining the autoimmune 
origin of hypothyroidism. The focus in pregnancy has 
mainly been on TPO-Ab, and a substantial number of 
observational studies and RCTs have evaluated the risk of 
adverse pregnancy outcomes in euthyroid women who 
were TPO-Ab positive (10, 11, 12, 13). Accordingly, clinical 
guidelines recommend that maternal TSH in pregnancy is 
considered in relation to TPO-Ab and that treatment may 
be considered in women who are positive for TPO-Ab and 
have TSH above 2.5 mIU/L but below the pregnancy-specific 
upper reference limit (5). As previously reviewed in detail, 
the evidence to support this recommendation emerges 
from a limited number of small RCTs, whereas larger RCTs 
have shown no effect of treatment (6). Considering the 
biochemical methods used for the measurement of TPO-Ab 
and the cut-offs applied in the published RCTs, it varies 
considerably even within studies, and most often the cut-
off recommended by the manufacturer was applied. One 
may speculate whether this could influence the definition 
of exposure in the studies and partly explain the divergent 
results. Another thought is that even if method-specific 
cut-offs are used, it varies considerably how the cut-offs are 
defined and established.

In the present study, we used a specific statistical 
method to establish the percentile cut-offs because more 
than 50% of the samples had concentrations of TPO-Ab 
and/or Tg-Ab that were below the assay-specific LoD. In 
different scientific fields, for example, microbiology, it 
has long been considered how to deal with such results 
in the statistical analyses (24). We used ROS, which is a 
recommended method and considered superior to other 
strategies for example, imputation of values below the 
detection limit (19, 20). Our sub-analyses illustrated the 
necessity of using an appropriate statistical method, 
particularly for the most extreme percentile cut-offs. 
Thus, we found inappropriately high cut-offs for the 95th 
percentile and upwards, when we simply calculated the 
percentiles with no a priori statistical handling of the data, 
in line with a previous report (25). For TPO-Ab, we found 
that the 95th percentile cut-off in early pregnancy was 
59 U/mL and approximated the cut-off recommended 
by the manufacturer (60 U/mL), whereas, for Tg-Ab, the 
same percentile cut-off was 33 U/mL and thereby almost 
half the value of the cut-off was recommended by the 

manufacturer. Notably, also the 99th percentile for Tg-Ab 
was below 60 U/mL in our study. It is in line with findings 
from non-pregnant individuals that the cut-off for Tg-Ab is 
often found to be lower than that of TPO-Ab (22, 26).

A strength of our study was the large study population 
which allowed for the establishment of a series of 
percentile cut-offs. Furthermore, the linkage to Danish 
nationwide registers provided the opportunity to assess 
later diagnosis and treatment of thyroid disease among 
all women studied. No uniform definition exists for 
the choice of percentile when establishing cut-offs. We 
attempted to compare the frequency of early pregnancy 
and later diagnosed hypo- and hyperthyroidism when 
the different cut-offs were applied, and major differences 
were observed. Thus, when the 95th percentile cut-off was 
applied, one in four of TPO-Ab positive women and one in 
five of Tg-Ab positive women had hypothyroidism in the 
early pregnancy (as opposed to 3% of the pregnant women 
with non-detectable antibodies). Furthermore, one in ten 
of TPO-Ab as well as Tg-Ab positive women were diagnosed 
with hypothyroidism during follow-up (as opposed to 0.5% 
of women with non-detectable antibodies). For TPO-Ab, 
it appeared in our study as if the risk of early pregnancy 
hypothyroidism and later hypo- and hyperthyroidism 
markedly increased when using a 95th percentile cut-off or 
higher, whereas, for Tg-Ab, the trend was less clear. It is a 
difficult task to determine the most appropriate percentile 
cut-off, and our study was observational and descriptive 
with no ‘gold standard’ for comparison. A previous cohort 
study of pregnant women evaluated different percentile 
cut-offs for TPO-Ab and concluded that the 92nd percentile 
was the appropriate cut-off; however, the corresponding 
TPO-Ab concentration was not reported (27). The study 
methodology was not entirely comparable to our report, 
for example, the study pooled data from three different 
biochemical methods, and the statistical handling of 
samples with non-detectable TPO-Ab likely differed (27).

As specified above, the main focus in pregnant women 
has been on TPO-Ab; however, Tg-Ab is also considered 
(10, 11). For example, it has been proposed that Tg-Ab 
adds to the detection of thyroid autoimmunity in women 
consulting fertility treatment as opposed to TPO-Ab alone 
(10). In our cohort, Tg-Ab positivity was more frequent 
than for TPO-Ab, which is food for thought. We speculate 
on the role of iodine fortification that was implemented 
in Denmark in the year 2000 (11, 26). Continuous 
monitoring of iodine intake and thyroid autoimmunity 
in the Danish population is crucial to evaluate the effect, 
especially since the level of iodine added to salt was 
increased from July 2019. Considering women who are 
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positive for either TPO-Ab or Tg-Ab alone in our cohort, 
early pregnancy and later developed hypothyroidism 
were more frequent with increasing percentile cut-offs; 
however, they were consistently more frequent with 
TPO-Ab than with Tg-Ab.

We studied a large cohort with concomitant 
measurements of thyroid function as well as TPO-Ab and 
Tg-Ab which allowed for multiple stratification; however, 
the number of women was limited in some of the sub-
analyses. The women were included because they had a 
blood sample drawn as part of routine prenatal screening 
for chromosomal anomalies. The rate of participation in 
the program is high (28), and thus, the risk of selection bias 
is considered low. We used stored biobank samples with a 
maximum storage time of 5 years, and thyroid function 
parameters as well as antibodies are considered stable for 
long-term storage (29, 30). The validity of information 
obtained from the Danish nationwide health registers is 
considered high (16); however, a risk of misclassification 
of hypo- and hyperthyroidism and covariates exists. 
Furthermore, later onset of hypo- and hyperthyroidism 
was indirectly defined from registrations of diagnosis 
and treatment, and thus, no information on individual 
thyroid status at initiation of treatment was available. The 
end of follow-up was defined by the registration period; 
however, individual follow-up after the pregnancy varied 
in length, because the women gave birth during a 5-year 
period.

In conclusion, this large cohort study established 
cut-offs for TPO-Ab and Tg-Ab in early pregnancy using a 
recommended method for handling highly left-censored 
data. Cut-offs for Tg-Ab were markedly lower than TPO-Ab, 
and the findings are important to inform clinical and 
scientific practice. Results emphasize the importance of 
using method-specific cut-offs for thyroid autoantibodies. 
Further large studies using different methods for TPO-Ab 
and Tg-Ab in pregnant women are warranted to corroborate 
and extend the findings and to evaluate if pregnancy-
specific cut-offs are preferable.
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