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Abstract

Objective: Thyroid disease in women of reproductive age is mainly of autoimmune origin, Key Words
and thyroid peroxidase antibodies (TPO-Ab) as well as thyroglobulin antibodies (Tg-Ab) TPO

are key markers. Adding to this, much focus in pregnancy is on euthyroid women who Tg

are thyroid antibody positive. Evidence to substantiate the cut-offs for the definition of TSH

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.

reference ranges

vV v.v. v Y

hypothyroidism

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 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

measurements were
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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).

704 9
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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)).

We then applied the established cut-offs in the full
cohortof pregnantwomen and calculated maternal median
TSH and fT4 with 95% Cl 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/m? 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 (7 =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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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).

TPO-Ab (U/mL) Tg-Ab (U/mL)
Percentiles Cut-off 95% Cl Cut-off 95% Cl
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

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-ADb positive and 13.3% were Tg-Ab positive with the
95th percentile cut-off. These figures changed to 9.7% and

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 (%) Median 95% ClI Median 95% ClI
<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 (%) Median 95% ClI Median 95% ClI
<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; PFrequency 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,

© 2022 The authors
Published by Bioscientifica Ltd.

https://etj.bioscientifica.com
https://doi.org/10.1530/ET}-22-0142

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0

©0K6]

InternaARAJEEERSR: Bioscientifica.com at 12/12/2022 01:13:06PM
via free access


https://doi.org/10.1530/ETJ-22-0142
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

e220142

%)
—
(]

=

=]
o
©
=
©
c
(]
v
—
(]
©
=
<
—
(%]

*fouanbauy ‘baiq

‘|]ans| Apogiaue paiyizeais ayy uiyim jje jo Aouanbalds (Z/9'€L = U) 10Yy0d 3y3 ulyim |je jo Aousnbauidp ‘Aesse yoea 10} Uo[IILIBP JO 1wl Y} dJe
Uya1iym (qy-81) Tw/n s pue (qQy-Odl) Tw/N 87 40 JJ0-1Nd 1SaMo| ay3 o) 3dadxa (| ajgeL 99s) sajiuadiad Ag paulap JJo-1nds ‘Aoueudaid ayy Suimojos wsiplolAyniadAy Jo -odAy jo yuswiiealy Joj pasn
s8nup jo suonddsaid pawaapad Jo/pue sisoudelp |e3dsoHq Adueudaud Alues ul a8ued aduauajal diydads-yaam Adueudaud pue poylaw ayy (wsiplolAyradAy) mojaq Jo (wsiploAyiodAy) anoge HS e

9'v-9°¢ 9'€ 0s 7 LL-C'8 L'6 LEL €e91l €C €€ 9'Ge-L'Le €€ 6cCE €0l 0]574" (43S
V'v-9'¢C €€ [4°) €11L-€8 L'6 LGl 0'€e-S'L (4 e 9'vZ-v'0¢ S'ce 0s€ Ay’ 65G1 L<
L'v-€¢C L€ €9 S'0L-8L L'6 PGl 0'€e-S'L (4 LE L'€c-¢6l L'le 8G€ " 9691 €e<
9'e-L¢ 8'¢C S €689 0'8 651l e-81L S'¢C (514 9'LZ-0'8L 861l €6€ Syl 8861 9¢<
L'e-6'L e 09 L'L79°G 9’9 291 €€-0¢ 9'C 9 £L'8l-L'Sl Ll [4474 0’8l 9s¥¢ [44S
L'e¢L'L (a4 89 09-9v 'S 991 ce-L'e 9'¢C €8 L'Sl-z’¢l a4’ 95¥ e 99LE 6l<
7'¢-S'L 6'l SL L'G-L'€ A% LZL £e-€¢ 8'¢C 801 LEL-9LL 9zl S6v £L'8¢C L16E Ll<
Z'L-80 o'l 76 9'0-€0 70 [474 L'v-¥'€ L'E 79¢ V'eE-L'C 0'€ 96¢ €L SIVAS) L1L>
'L-L0 60 8 9'0-€0 70 LE cr-ee 8¢ (Y43 €€-97¢ 0'€ 09¢ L'¥9 9.8 Sl>
12 %S6 (%) baud v 12 %S6 3(%) ba.4 u 1D %56 3(%) bau4 u 1D %56 3(%) bauy u n(%) ba.14 u >440-IND
quisipioAyliadAy 4are quisiproiAyjodAy J4azeq ewsiproiAyyiadAy LoueuSaad Ajaeg ewsiproiAyyodAy LoueuSaad Ajae3 (Tw/n) qy-81
0'Ss-L¢ L'E 14% LV71-80L L'cl (4" 6'€-6'L 8'¢C €e 0'0e-81¢ VLT (443 9'8 9/LL 18<
1'5-6'C 6'€ 8Y vl-vol el [4°)" L'v-1'¢C 0'€ LE L'6¢-Lv¢ S'9¢ Oge L6 12/44" 89<
LY=L'C 9'€ 6V 7'EL-6'6 Sl LS ov-L¢ 6'C (0% 8'LC-L'EC A4 143 0ol 09€l 65<
ov-€¢ L€ S S'0L-8L L6 091 ov-€¢ L€ S S'cec-L'8l 9'0¢ L9g 6'¢Cl JA<YAN 0S<
7'€-0'¢C L'C 09 ¢'8-09 L' 091 0S¢ [ L 7'8L-€'GL 891 L8E 991 S9¢¢ SP<
0'€-61 v'e 0L S'9-8"V 9'S 991 L'E-SC L€ 06 7'sl-6¢Cl L'vlL 9Ly 9'Le LY6C L<
9C-91 L¢ LL €6-6'¢ 9'v 691 6'€E-l'E Ve e€cl L'EL-0'LL ozl f474% 6'9¢ L/9€ 8E<
L'L-£0 60 6 9'0-€0 70 144 0v-8¢ S'€ eve 6'€E-l'E S'€ (9123 L'eL 100’0l 3¢€>
L'L-£0 60 L9 S'0-¢0 70 14 r-Ce L'E (944 8'€-6C €€ e S'ev 1949 87>
1D %S6 a(%) ba14 u 1D %S6 a(%) baJ4 u 1D %56 a(%) baJ4 u 1D %S6 a(%) bau4 u n(%) ba.4 u >430-1ND
quisipioaAyriadAy 1areq quisipioaAyrodAy 13req ewsiproiAyriadAy AoueusSaad Ajaeg  cwsiprosfyrodAy AoueusSaad Ajie3 (Tw/N) 9v-0dL

'S1J0-1ND PaYSI|gLISD Y1 aAoge (qy-81) saipogiue ulingo|8o4Ayy 4o (qy-OdL) saipognue asepixotad plodAyl YIm pue (Z/9'cl = u) aseasip ploJAy)
UMOUY oU Ylim uawom Suowe wsiploAyuadAy Jo -odAy Jo sisouselp Jaie| se ||am se Aoueudaud Ajues ur wisipiosAyiodAy |eatwaydolq [eulalew jo ALousnbal{ € ajqel

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0

©0e)

InteryaHRRAGHESASE: Bioscientifica.com at 12/12/2022 01:13:06PM

via free access

© 2022 The authors

Published by Bioscientifica Ltd.

https://etj.bioscientifica.com

https://doi.org/10.1530/ET)-22-0142



https://doi.org/10.1530/ETJ-22-0142
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

e220142

%)
—_
(]
=
=
o
e
=
©
=
(]
v
—_
(]
e
=
<
—
(%]

fousnbauy ‘bauy ‘ones sppo paisnipe ‘yoe
‘Buidwes poojq jo yaam Aueudaid pue aSe |eutalew papnjdul [9pow paisnipys [|9A3] Apoqiaue paiylesis ayl ulyum |je jo Aouanbaudp ‘Aesse yoea Joy
U0132333p JO JWl| 3Y3 ale Yarym ‘(qy-S1) Tw/N SL pue (qv-OdL) TW/N 82 JO }J0-1Nd 31samo| 3y} 4oy 3dadxa (| a|qe  89s) sa|inuadiad Agq pauyap S|aAs| 4o-1nD» Aoueudaid ayy Suimoljoy wsiploAyniadAy

1o wisiploJAyiodAy jo Juswiealy o) pasn s8nup Jo suondiidsaid pawaspal Jo/pue sisouselp [e3dsoHq ‘Aoueudaud Aies ul a8ues adualajal diypads-yeam AdueuSaad pue poylaw ayl aAoge HSe

L'vl-L'8 L'LL L'SL-G"LL €€l L8l 0CL-¥'8 ool 9'Ge-l'le €'ec 6¢CE VL1197 L9°1 oLl 0'¢S<
L'91-0'S L8 691-€9 L0l 91 8'8-7'€E 'S £0C-6'8 L'vl L 89'L-€E’L 61l evl 0¢s-L'Ly
09-8°0 [y €/-8°0 6'C 14 -0l L¢ 'LL-9¢C 8'S 8 ov'L-0L°L vl LEL O'Ly-L'ee
6'€-8°0 8l 6'17-0'L a4 L 9'9-1'¢ S €91-9'8 ocL 13 LY'L-9CL LE'L [4r4 0'€E-19¢
9C-9°0 €l €¢e-L0 L'l 8 €e-9'L (a4 8'8-C'¥ 9 6¢ LZ'1-v0"L Ll 891 0'9¢-l'¢ce
1'¢-9°0 L°L 8C-80 9'l Ll vl L'l 9'9-¢'¢ 8V 123 6L L-€0’L oLl oLL 0¢ce-l'el
€¢C-L0 €l 6C-6'0 L' €l Sc¢l 8’ 0'L-L'€E 'S 6€ 9L'L-¢0’L oLl LG/ o6l-LLL
1'¢-80 €l L0l L'l Ll 8'L-6'0 [ 0'5-9¢ 9'€ 9€ SLL-v0°L 60°'L 166 0'LL-1'Sl
9 19 9=l 7'l 6Ll ‘J9Y J9Y €¢-9¢ 0'€ 09¢ 90'L-€0’L 70°L 7948 0'§L>

1D %S6 ad0oe 1D %56 p(%) ba14 u 1D %56 adoe 1D %56 p(%) ba.4 u 1D %56 Uuelpaiy u >S[9A9] JJO-IND
quisiproaAyyiadAy 1o wsipioiAyyodAy sa3eq ewsiploiAyrodAy Aoueusaud Ajie3 (/N1W) HSL (Tw/n) qy-8L
86L-LLL [y L'8L-EVL 79l €61l €€EL-1'6 L'LL 0'0€-8'v¢ VLT (443 88'L-¢L’L 8L'L 9Ll 0'L8<
0'0¢-0% 6'8 L'0¢-¢'¥ €01l L ’8-8'L 6'¢ 6'lC-C’S 8Ll 8 LY'1-98°0 L'l 89 0°'18-1'89
6'6-8°L v 60L-6"L 'S 9 9'L-S'C 7'y v'oc-v'L 6'Cl Sl r'1L-86°0 8Ll 9Ll 0'89-1'65
€¢-80 9L 6'¢-6'0 0'¢C 3 0¢-L0 'L S'9-¢€'¢ (0874 9l LZ'1-80°1L Ll L6€ 0'65-1°LS
L'¢-v0 60 9'C¢-v'0 'L 9 6'L-L0 'L 0'9-1v'¢ 6'¢ 0¢ ¢ L-e0’L Ll 805 0'05-L'aY
ce-LlL 6'l 8'¢-¢'L a4 91 el 9'l L'L-9°€ L' 13 0C'L-v0°L [ 289 0'Sr-L'Ly
1'¢-9°0 L'L S'C-L'0 7l ol 9'L-L0 Ll (A4 9'c 9¢ €LL-g0’L L0°L veL 0'Ly-1'8€
L'1-60 [ ozl Sl 0S S'L-6'0 'L 9'v-C’€ 6'¢ el 60°L-¢0’L 90'L ovee 0'8E-1'8¢
J9d J9 9'1-0"1L €l 98 ‘Jod ‘J9d 8'€-6'C €€ e 60°L-70"L 90°'L 1949 0'8¢>

1D %56 B 1D %56 p(%) baud u 1D %56 BT 1D %S6 »(%) baq u 1D %S6 uelpan u >S[9A3] 40-IND
quisip1oaAylriadAy 10 wsiproafyzodAy 1azeq ewusiproiAyzodAy AoueuSaad Ajie3 (I/N1W) HSL (qw/n) qv-0d.L

'S}J0-IND

paysi|qe1sa ay} Agq paulyap s|aAd| palyiiesis ulyiim (qy-81) saipogiue uijngo|8o.4Ay 4o (qy-0dl) seipoqiue asepixodad ploJAyl yum pue (z/9'cl = u) aseasip ploJAy)
UMOUY OU UYim uawom Suowe wsiplotAyriadAy Jo -odAy jo sisoudelp Jaie| se ||am se Loueudaid Ajues ul wsiplosAyrodAy jo Aouanbauy syl pue HS] |eusale|N ¥ alqel

This work is licensed under a Creative Commons

Attribution-NonCommercial-NoDerivatives 4.0

Interﬂg i

©06)

ARG Bioscientifica.com at 12/12/2022 01:13:06PM

via free access

© 2022 The authors

Published by Bioscientifica Ltd.

https://etj.bioscientifica.com

https://doi.org/10.1530/ET)-22-0142



https://doi.org/10.1530/ETJ-22-0142
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

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/Lbutbelow 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-AD 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-AD 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-AD,
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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