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Abstract

Objective: The assessment of maternal thyroid function in early pregnancy is debated. It
is well-established that pregnancy-specific reference ranges preferably should be used.
We speculated if the use of repeated blood samples drawn in early pregnancy would

influence the classification of maternal thyroid function.

Methods: Pregnant women with repeated early pregnancy blood samples were
identified in the North Denmark Region Pregnancy Cohort. Each sample was used for
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the measurement of TSH, free T4 (fT4), thyroid peroxidase antibodies (TPO-Ab), and
thyroglobulin antibodies (Tg-Ab) (ADVIA Centaur XPT, Siemens Healthineers). Method-
and pregnancy week-specific reference ranges were used for the classification of

maternal thyroid function.

Results: Among 1466 pregnancies included, 89 women had TSH above the upper
reference limit in the first sample (median pregnancy week 8) and 44 (49.4%) of these
similarly had high TSH in the second sample (median week 10). A total of 47 women had
TSH below the lower reference limit in the first sample and 19 (40.4%) of these similarly
had low TSH in the second sample. Regarding women classified with isolated changes

in fT4 in the first sample, less than 20% were similarly classified as such in the second
sample. The percentage agreement between the samples was dependent on the level of

TSH in the first sample and the presence of TPO- and Tg-Ab.

Conclusion: In a large cohort of pregnant women, the classification of maternal thyroid
function varied considerably with the use of repeated blood samples. Results emphasize
a focus on the severity of thyroid function abnormalities in pregnant women.

Introduction

The diagnosis and treatment of thyroid disease during
pregnancy are debated and uncertainties exist regarding
the assessment of maternal thyroid function in early
pregnancy (1, 2). During a normal pregnancy, several
physiological changes in maternal thyroid function occur,
and it is well-established that these changes necessitate

pregnancy-specific reference ranges for thyroid function
tests in pregnant women (3). The use of trimester-specific
reference ranges is generally recommended (3, 4), but the
assessment in the first trimester is a particular challenge
because maternal TSH levels show considerable dynamics
within the early pregnancy (5, 6, 7). Recently, we reported
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the frequency of thyroid function abnormalities in the
North Denmark Region Pregnancy Cohort (NDRPC) from
a single early pregnancy blood sample using method- and
pregnancy week-specific reference ranges (8). Furthermore,
we found considerable variation in the classification
of thyroid function abnormalities in the NDRPC when
different analytical methods and thyroid function tests
were used, even when the reference ranges were method-
and pregnancy week-specific (7). A recent study reported
variation in the classification of maternal thyroid function
when blood samples were repeated in short time intervals
within the same day (9) and added to the knowledge on
physiological variability in thyroid function tests (10).
These findings led us to speculate if maternal thyroid
function abnormalities would persist with repeated
blood samples within some weeks in early pregnancy
and if the persistency would be related to the severity of
thyroid function abnormalities. Such results may have
implications for the clinical diagnosis of thyroid disease
in pregnant women and for the assessment of maternal
thyroid function in scientific outcome studies.

The NDRPC included a substantial number of
pregnancies in which the pregnant woman had a blood
sample drawn twice in the early pregnancy. For the
present study, we identified these pregnancies and aimed
to describe and compare the classification of maternal
thyroid function in each sample still using method- and
pregnancy week-specific reference ranges.

Materials and methods

Study design

This is a retrospective cohort study within the NDRPC.
The NDRPC was established from 2011-2015 and includes
a biobank of stored early pregnancy blood samples drawn
as part of the prenatal screening program for chromosomal
anomalies (6). After ethical approval,
measurements of maternal thyroid function and thyroid
autoantibodies were performed and results were linked
to information in the Danish nationwide registers
including the Medical Birth Register (11), the Danish
National Hospital Register (12), the Danish National
Prescription Register (13), and demographics available at
Statistics Denmark. As previously described (6, 8), data
linkage provided information on pregnancy week of
blood sampling, maternal age, origin, pre-pregnancy BMI,
parity, smoking status, and fetal gender, as well as hospital
diagnoses and redeemed prescriptions of drugs. The study
was approved by the North Denmark Region Committee

biochemical
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on Health Research Ethics (N-20150015) and the Danish
Data Protection Agency (J. no. 2008-58-0028).

Study population

All pregnant women in Denmark are offered prenatal
screening for chromosomal anomalies that includes a
blood sample drawn in pregnancy weeks 9-14 followed by
obstetric ultrasound in weeks 12-15 (14). In some cases,
the blood sample drawn as part of the screening program
is repeated at the time of obstetric ultrasound to ensure
the correct timing of the sample within the recommended
weeks of pregnancy. As a result, the NDRPC includes a
subgroup of pregnant women withrepeated blood sampling
in the early pregnancy (n =1466) in addition to the large
group of women with a single blood sample from the early
pregnancy (n = 14,169). Multiple pregnancies (n =321) and
women receiving medical treatment for thyroid disease in
the pregnancy prior to blood sampling (n =196) were not
included. None of the women in the repeated samples
cohort started medical treatment for thyroid disease in the
pregnancy weeks between the repeated blood samples.

Thyroid function and autoimmunity

Serum residues from the blood samples were stored
at —80°C until biochemical analyses of TSH, free T4
(fT4), thyroid peroxidase antibodies (TPO-Ab), and
thyroglobulin antibodies (Tg-Ab). The analyses were
performed in 2015-2016 in a routine hospital laboratory
using ADVIA Centaur XPT (Siemens Healthineers) as
previously described (6). Maternal thyroid function was
classified in each sample using method- and pregnancy
week-specific reference ranges for TSH and fT4 (defined
as the 2.5th-97.5th percentiles) established within the
NDRPC (6). As recommended (3), the reference ranges
were established among TPO- and Tg-Ab negative
women with no known thyroid or other autoimmune
disease. Stratification by week of pregnancy was used
to account for the physiological dynamics in maternal
thyroid function within the first trimester, but specific
adjustment for maternal human chorionic gonadotropin
levels or other determinants was not performed. Overall,
abnormal maternal thyroid function was defined when
TSH or fT4 was outside the method- and pregnancy week-
specific reference ranges. Biochemical hyperthyroidism or
hypothyroidism was then defined by TSH below or above
the reference ranges, respectively. Isolated changes in fT4
were defined by abnormal fT4 and TSH within the week-
specific reference ranges. Further classification of overt
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(abnormal TSH and fT4) and subclinical (isolated abnormal
TSH) abnormalities was defined by the combined use of
TSH and fT4. After the classification of maternal thyroid
function in each blood sample, women with repeated
blood sampling were grouped according to the combined
classification of maternal thyroid function (normal vs
abnormal) in samples 1 and 2. Thus, a group of women
(n=1215) had similar classification (samples agree) and
the remaining (n =251) had non-similar classification
(samples disagree) across the repeated samples. Finally,
results of maternal thyroid autoantibodies were included
in the evaluation, and cut-off values of 60 U/mL given by
the manufacturer for TPO- and Tg-Ab were applied.

Statistical analyses

Continuous variables were described by the median and
interquartile range (IQR), whereas categorical variables
were described by the number (n) and frequency (%).
Percentage agreement in the classification of maternal
thyroid function and thyroid autoimmunity between the
first (sample 1) and second blood sample (sample 2) was
calculated with a 95% CI using the binomial exact model
with sample 1 as the reference sample. Mann-Whitney

Thyroid function using repeated
blood samples
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Utestand chi-squared test were used to compare continuous
and categorical variables, respectively, between unpaired
groups. Wilcoxon signed-rank test and McNemar’s test
were used for the comparison of paired continuous and
categorical variables, respectively, between samples 1 and 2
within the repeated samples cohort. Statistical analyses
were performed using Stata 16.1 (StataCorp LLC, College
Station, TX, USA) with a 5% level of significance.

Results

Altogether, 15,635 singleton pregnancies were included in
the study as part of the single sample cohort (n = 14,169) or
therepeated samples cohort (n =1466) (Table 1). Pregnancy
week of blood sampling was within the recommended
weeks in the single sample cohort, whereas sample 1 in
the repeated samples cohort as expected was drawn too
early (Table 1). Considering maternal characteristics,
women with repeated samples tended to be younger, had
slightly higher pre-pregnancy BMI, and were more often
nulliparous and smoking (Table 1). On the other hand,
maternal characteristics were similar among women with
repeated samples when stratified in groups according to

Table 1 Maternal characteristics of women with either a single or repeated early pregnancy blood sample (n = 15,635).

Repeated samples cohort

Single sample cohort All Samples agreea Samples disagreeb
All pregnancies (n) 14,169 1466 1215 251
Week of blood sampling
(median, IQR)
Sample 1 10 9-11 8 7-8 8 8-8 8 7-8
Sample 2 - - 12 11-13 12 11-13 11 11-12
Age in years (median, IQR) 29.9 26.6-33.5 28.4 25.6-32.0 28.3 25.5-31.9 28.8 26.1-32.1
Origin< (n, %)
Born in Denmark 12,523 88.6 1308 89.2 1083 89.1 225 89.6
Not born in Denmark 1609 11.4 158 10.8 132 10.9 26 10.4
All birthsd (n) 12,948 1450 1202 248
Pre-pregnancy BMl in 23.7 21.3-27.4 24.1 21.2-28.7 24.1 21.3-28.4 24.3 21.1-29.8
kg/m2c (median, IQR)
Parityc(n, %)
Nulliparous 5939 46.1 742 51.3 626 52.3 116 47.0
Multiparous 6955 53.9 703 48.7 572 47.7 131 53.0
Smoking in
pregnancyc< (n, %)
No smoking 11,417 88.6 1238 85.8 1028 85.9 210 85.0
Smoking 1465 1.4 205 14.2 168 141 37 15.0
Fetal genderc (n, %)
Female 6326 48.9 708 48.9 587 48.8 121 49.0
Male 6615 51.1 741 51.1 615 51.2 126 51.0

aSimilar classification of maternal thyroid function (normal or abnormal) in samples 1 and 2; PNon-similar classification of maternal thyroid function in
samples 1 and 2; ‘Women with missing information not included; origin (n = 37), pre-pregnancy BMI (n = 65), parity (n =59) smoking (n = 73), and fetal
gender (n =8); dinformation on maternal pre-pregnancy BMI, parity, smoking, and fetal gender was only available for births (live births and stillbirths).

IQR, interquartile range.
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the combined classification of abnormal maternal thyroid
function across the samples (Table 1). Median TSH was
1.09 (IQR: 0.64-1.65) mIU/L and fT4 was 16.0 (IQR: 14.7-
17.3) pmol/L in the single sample cohort. In the repeated
samples cohort, median TSH was 1.34 (IQR: 0.88-1.93)
mlU/L and 1.12 (IQR: 0.69-1.74) mIU/L and fT4 was 15.8
(IQR: 14.6-17.1) pmol/L and 16.1 (IQR: 14.8-17.3) pmol/L
in samples 1 and 2, respectively. When medians of TSH
and fT4 in the repeated samples were compared, TSH was
higher (P < 0.001) and £T4 was lower (P < 0.001) in sample 1
compared to sample 2.

Considering the classifications of maternal
thyroid function abnormalities and markers of thyroid
autoimmunity, the frequencies were overall similar in the
cohorts (Table 2). Within the repeated samples cohort,
a higher frequency of TPO- and/or Tg-Ab positive as well
as Tg-Ab positive women in sample 1 was observed in
comparison to sample 2 (Table 2). When the percentage
agreement between samples 1 and 2 was assessed, the
overall agreement was less than 40% meaning that only
two in five women classified with abnormal thyroid
function in sample 1 had persistent abnormal thyroid
function in sample 2 (Table 2). More specifically, less than
50% of women classified with hyper- or hypothyroidism in
sample 1 similarly had such thyroid function abnormality
in sample 2, and the percentage agreement for the
classification of isolated changes in fT4 in samples 1 and 2

Thyroid function using repeated 11:2 €210055
blood samples

was less than 20%, whereas, for the classification of being
TPO- or Tg-Ab positive, the percentage agreement was
nearly 90% (Table 2).

Characteristics and biochemical results for women in
the repeated samples cohort who were classified with either
hyperthyroidism (7 =47) or hypothyroidism (n=89) in
sample 1 were subsequently described when stratified by
the combined classification in samples 1 and 2 (Table 3).
Maternal age, pre-pregnancy BMI, and pregnancy week of
blood sampling did not differ between agreement groups
(samples agree vs samples disagree), but differences were
observed regarding the biochemical results of thyroid
function tests (Table 3). Thus, TSH was lower and fT4 was
higher among women classified with hyperthyroidism in
both samples, whereas TSH was higher and fT4 was lower
among women classified with hypothyroidism in both
samples (Table 3).

Subsequently, the percentage agreement between
samples 1 and 2 was evaluated according to the level of TSH
in sample 1 (Fig. 1). Notably, the percentage agreement
was dependent on the level of TSH in a U-shaped manner
(Fig. 1). For the classification of hyperthyroidism, the
percentage agreement increased from 40 to 80% with
decreasing TSH in sample 1 (Fig. 1). For the classification of
hypothyroidism, the percentage agreement increased from
50 to 100% with increasing TSH in sample 1 (Fig. 1) and
from nearly 70 to 100% when evaluated among women

Table 2 Frequencies of abnormal maternal thyroid function and thyroid autoimmunity in the blood samples and the percentage

agreement across repeated samples.

Single sample cohort

Repeated samples cohort (n = 1466)

(n =14,169) Sample 12 Sample 22 Samples 1 and 2b Agreement
n %¢ n %¢d n %d n %¢d %e 95% CI
Abnormal thyroid 2072 14.6 222 15.1 203 13.9 87 5.9 39.2 32.7-45.9
functionf
Hyperthyroidism 516 3.6 47 3.2 47 3.2 19 1.3 40.4 26.4-55.7
Overt 203 1.4 18 1.2 24 1.6 8 0.5 44.4 21.5-69.2
Subclinical 313 2.2 29 2.0 23 1.6 5 0.3 17.2 5.8-35.8
Hypothyroidism 843 6.0 89 6.1 80 5.5 44 3.0 49.4 38.7-60.2
Overt 139 1.0 11 0.8 10 0.7 5 0.3 45.5 16.7-76.6
Subclinical 704 5.0 78 5.3 70 4.8 32 2.2 41.0 30.0-52.7
Isolated high fT4 221 1.6 36 2.5 34 23 7 0.5 19.4 8.2-36.0
Isolated low fT4 492 3.5 50 34 42 2.9 9 0.6 18.0 8.6-31.4
TPO- and/or Tg-Ab 2048 14.5 208 14.2 188 12.8 182 12.4 87.5 82.2-91.7
positive
TPO-Ab positive 1489 10.5 135 9.2 128 8.7 119 8.1 88.1 81.5-93.1
Tg-Ab positive 1441 10.2 156 10.6 140 9.5 138 9.4 88.5 82.4-93.0

aFor each classification of maternal thyroid function, the frequencies in sample 1 and sample 2 were compared using McNemar's test: P < 0.05 for TPO-
and/or Tg-Ab positive as well as Tg-Ab positive women; bSimilar classification of abnormal thyroid function in samples 1 and 2 (samples agree);
cProportion of all within the single sample cohort;dProportion of all within the repeated samples cohort; eProportion of samples with similar classification
in samples 1 and 2 classified as such in sample 1 (percentage agreement); 'Defined as TSH or fT4 outside the method- and pregnancy week-specific

reference ranges.

fT4, free T4; Tg-Ab, thyroglobulin antibodies; TPO-Ab, thyroid peroxidase antibodies.
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in different cohorts, suggesting that the use of uniform
trimester-specific reference ranges may be too simple
(5, 6, 7). In line with these results, we observed different
levels of median TSH and fT4 between samples 1 and 2
in the repeated samples cohort and we accounted for
these weekly dynamics in maternal thyroid function by
the application of method- and pregnancy week-specific
reference ranges established within the cohort (6).
Furthermore, the indirect measurement of free thyroid
hormones using automatic immunoassays is prone to
flaws given the pregnancy-related alterations in binding
proteins (15, 16) and stress the importance of method-
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and pregnancy-specific reference ranges (3). Among a
subgroup of women in the NDRPC, we recently measured
a series of thyroid function tests using another analytical
method (Cobas 8000, Roche Diagnostics), and pregnancy
week-specific reference ranges for this analytical method
were established (7). When the different method-specific
reference ranges were used to classify maternal thyroid
function, the classification varied with the analytical
method and the type of thyroid function test (7). In
accordance with the present study, the variation was most
pronounced for theidentification ofisolated changesin fT4
(7). Thus, in our previous investigation and in the present

Figure 2
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classification of TPO-Ab positive (A) or Tg-Ab-
positive (B) hypothyroidism between samples 1
and 2 stratified by level of TSH in sample 1.
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Tg-Ab positive hypothyroidism in samples 1 and 2
(samples agree) out of all samples classified as
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such in sample 1. UL, upper pregnancy week-
specific reference limits; *100% agreement, no
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Implication

Overt thyroid disease should be treated to prevent
maternal and fetal complications (3). On the other hand,
recommendations regarding slightly elevated TSH in
pregnant women with or without the presence of TPO-Ab
are less clear and treatment may be considered in some cases
(3). Much focus regarding thyroid function in pregnant
women has been on the role of smaller abnormalities in
maternal thyroid function including TSH within the upper
reference range and isolated changes in fT4 as well as the
role of thyroid autoimmunity per se (2, 3). Although many
observational studies have found associations between
smaller abnormalities in maternal thyroid function and
adverse pregnancy and child outcomes (3), these findings
are in contrast to the results of large, randomized controlled
trials (RCTs) (21, 22, 23, 24, 25, 26, 27, 28). Notably, the
classification of maternal thyroid function in the vast
majority of observational studies and in the RCTs relied
on a single blood sample (21, 22, 23, 24, 25, 26, 27, 28).
Considering the variation observed in our study and in the
study by Lewandowsky et al. (9), one may speculate on the
definition of exposure and randomization to treatment
based on smaller abnormalities in maternal thyroid function
and if this contributes to the finding of lack of treatment
effect. Adding to this, the dependency on the level of TSH
and the presence of TPO- and Tg-Ab observed in our study
substantiate a clinical and scientific focus on marked thyroid
function abnormalities in pregnant women (2).

Methodological comments

Our study was designed within a large birth cohort, and
the inclusion of a substantial number of pregnant women
with repeated blood samples from the early pregnancy
was unique. Moreover, the selection of participants was
performed from blood samples drawn as part of the Danish
prenatal nationwide screening program for chromosomal
anomalies in which the participation rate is high (14).
The biochemical analyses of TSH, fT4, and the thyroid
autoantibodies were performed retrospectively in the years
following pregnancy termination and thereby unrelated to
any clinical practice regarding diagnosis or monitoring of
maternal thyroid disease during pregnancy. Furthermore,
the main cause for the drawing of a repeated blood sample
in relation to the screening program is to ensure that the
timing of the blood sampling is within the recommended
weeks of pregnancy (14). Thus, the selection of women with
arepeated blood sample is likely non-differential according
to the classification of maternal thyroid function, but

Thyroid function using repeated 11:2 €210055
blood samples

some differences were observed in maternal characteristics
and in the frequencies of thyroid function abnormalities
between the single sample and the repeated samples
cohort and risk of selection bias cannot be excluded. On
the other hand, no differences were observed in maternal
characteristics between agreement groups (samples agree
vs samples disagree) within the repeated samples cohort.
Regarding thyroid function and autoimmunity, only
differences in the frequencies of TPO- and/or Tg-Ab as well
as Tg-Ab positive women were observed between samples
1 and 2 in the repeated samples cohort. We speculate if
this reflects the use of antibody cut-offs that were not
established among pregnant women specifically. Our
study was based on consecutively collected blood samples
stored in a biobank, and thyroid function tests as well as
autoantibodies are known to be stable for decades after
frozen storage (29). Regarding the individual dynamics in
thyroid function tests between the first and the second
sample, we acknowledge the statistical phenomenon of
regression towards the mean (30). However, even though
regression towards the mean may be present, our aim was
not, and our data are not designed to add to this discussion.
Furthermore, this should not change the disparity in the
classification observed and the implication of our findings.

Conclusion

Accurate diagnosis of thyroid function abnormalities in
pregnant women is important in clinical and scientific
practice. When method- and pregnancy-specific reference
rangeswere established and usedinalarge cohortof pregnant
women, the classification of abnormal thyroid function in
early pregnancy varied considerably across repeated blood
samples. The agreement was lowest for smaller thyroid
function aberrations while increasing TSH and the presence
of thyroid autoantibodies improved the agreement. Results
substantiate a focus on the severity of thyroid dysfunction
and call for further investigations on the method of thyroid
function assessment in pregnant women.
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