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Abstract

Background Maternal hypothyroidism in pregnancy has been proposed to increase the risk of preeclampsia,

but uncertainties persist regarding the underlying causal mechanisms. Thus, it remains unclear if an increased risk
of preeclampsia in hypothyroid pregnant women is caused by the lack of thyroid hormones or by the autoimmunity
per se.

Methods We conducted a retrospective study of two pregnancy cohorts in the Danish population. The nationwide
cohort (n=1,014,775) was register-based and included all singleton pregnancies in Denmark from 1999-2015. The
regional cohort (n=14,573) included the biochemical measurement of thyroid stimulating hormone (TSH), thyroid
peroxidase antibodies (TPO-Ab), and thyroglobulin antibodies (Tg-Ab) (ADVIA Centaur XPT, Siemens Healthineers)
among pregnant women in The North Denmark Region from 2011-2015 who had a blood sample drawn in early
pregnancy as part of routine prenatal screening for chromosomal anomalies. The associations between diagnosed
and biochemically assessed hypothyroidism and a diagnosis of preeclampsia were evaluated using logistic regression
(adjusted odds ratio (@aOR) with 95% confidence interval (Cl)) adjusting for potential confounders, such as maternal
age, diabetes, and parity.

Results In the nationwide cohort, 2.2% of pregnant women with no history of hypothyroidism (reference group (ref.))
were diagnosed with preeclampsia, whereas the prevalence was 3.0% among pregnant women with hypothyroidism
(@aOR 1.3 (95% Cl: 1.2-1.4)) and 4.2% among women with newly diagnosed hypothyroidism in the pregnancy (aOR 1.6
(95% Cl: 1.3-2.0)). In the regional cohort, 2.3% of women with early pregnancy TSH < 2.5 mIU/L (ref.) were diagnosed
with preeclampsia. Among women with TSH>6 miU/L, the prevalence was 6.2% (aOR 2.4 (95% Cl: 1.1-5.3)). Consider-
ing thyroid autoimmunity, preeclampsia was diagnosed in 2.2% of women positive for TPO-Ab (>60 U/mL) or Tg-Ab
(>33 U/ml) in early pregnancy (aOR 0.86 (95% Cl: 0.6-1.2)).

Conclusions In two large cohorts of Danish pregnant women, maternal hypothyroidism was consistently associated
with a higher risk of preeclampsia. Biochemical assessment of maternal thyroid function revealed that the severity

of hypothyroidism was important. Furthermore, results did not support an association between thyroid autoimmunity
per se and preeclampsia.
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Background

Hypothyroidism is a common endocrine disorder and
constitutes a substantial burden of chronic disease in
pregnant women [1]. Hypothyroidism in women of
reproductive age is predominantly caused by autoim-
mune mechanisms, and thyroid peroxidase autoantibod-
ies (TPO-Ab) as well as thyroglobulin autoantibodies
(Tg-Ab) are the key markers of underlying thyroid auto-
immunity [2]. Uncertainties prevail regarding the clinical
management of subtypes of hypothyroidism in pregnant
women [1, 3]. It is well-established that overt hypothy-
roidism should be treated to prevent maternal and fetal
complications, however, the management of smaller
aberrations in maternal thyroid function is a matter of
debate [1, 4].

One of the concerns regarding undiagnosed and
untreated maternal hypothyroidism relates to the risk
of pregnancy complications [1]. Thyroid hormones play
a significant role for the normal function of the placenta
during a pregnancy and lack of thyroid hormones could
be a cause of placental dysfunction [5], which may lead
to adverse pregnancy outcomes such as preeclampsia and
intrauterine growth restriction [6]. Uncertainties per-
sist regarding the underlying causal mechanisms. Thus,
it remains unclear if an increased risk of preeclampsia
in hypothyroid pregnant women is caused by the lack of
thyroid hormones or by the autoimmunity per se.

This study aimed to evaluate the association between
maternal hypothyroidism in early pregnancy and out-
come of preeclampsia in Danish pregnant women with
the use of a nationwide register-based cohort and a
regional biobank. More specifically, the aim was to evalu-
ate the role of abnormal maternal thyroid function as
opposed to abnormal maternal thyroid autoimmunity
and to consider the severity of maternal hypothyroidism
in the associations observed.

Methods

We conducted a retrospective study of two cohorts
with linkage to information in nationwide registers.
The nationwide cohort (2=1,014,775) included all sin-
gleton births in Denmark from 1999 to 2015 who were
registered in the Danish Medical Birth Register (MBR)
[7]. The regional cohort (n=14,573) included pregnant
women in the North Denmark Region from June 2011
to January 2015 who had a blood sample drawn in early
pregnancy (median pregnancy week 10) as part of rou-
tine prenatal screening for chromosomal anomalies.
Thus, the samples were drawn for non-thyroidal reasons,
were stored in a biobank, and later used for the measure-
ment of a series of thyroid parameters [8]. In this study,
the first blood sample during each pregnancy in the study
period was included among pregnancies with an outcome
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of singleton birth. The study was approved by the North
Denmark Region Committee on Health Research Eth-
ics (N-20150015) and registered according to the Gen-
eral Data Protection Regulation in the North Denmark
Region (2015-34; 2016-76).

Information on all births in Denmark was obtained
from the MBR including maternal age, parity, smoking in
pregnancy, pre-pregnancy body mass index (BMI), gesta-
tional age at birth, gender of the child, birth year, birth
weight as well as paternal age. Information on the diag-
noses of disease was assessed from the Danish Nation-
wide Hospital Register [9] which contains all in- and
outpatient visits to Danish hospitals coded according to
the 10th International Classification of Disease (ICD-
10) from 1994 an onwards. Information on redeemed
prescriptions of drugs coded according to the Anatomi-
cal Therapeutic Chemical Classification System (ATC)
was obtained from the Danish Nationwide Prescription
Register [10]. Hypothyroidism was defined as a hospital
diagnosis of hypothyroidism (ICD-10: all EO3 codes) and/
or two redeemed prescriptions of thyroid hormone ther-
apy (ATC: HO3AAO01, HO3AA02) up until five years after
birth of the child. Onset of maternal hypothyroidism was
defined by the time of the first hospital diagnosis or the
first redeemed prescription which ever came first and
categorized as before the pregnancy, in the pregnancy,
and after the pregnancy.

Preeclampsia was defined as a hospital diagnosis of
preeclampsia (ICD-10: all O14 codes) and/or eclampsia
(ICD-10: all O15 codes) that was registered from preg-
nancy week 20 until 30 days after birth of the child in
the pregnancy under study. In a sub-analysis, gestational
hypertension (ICD-10: all O13 codes, all O16 codes) was
evaluated as well as the severity of preeclampsia (severe
(ICD-10: O14.1-14.2; all O15 codes) or moderate (ICD-
10: 014.0)). If more than one of these diagnoses were
registered in the pregnancy, the most severe diagnosis
was included according to the following hierarchy: severe
preeclampsia, moderate preeclampsia, and gestational
hypertension. Diabetes was considered as a co-variate in
the analyses and defined as one or more of the following
registrations up until five years after birth of the child: A
hospital diagnosis of diabetes mellitus (ICD-10: all E10-
E14 codes) and/or gestational diabetes (ICD-10: all 024
codes) and/or two redeemed prescriptions of antidiabet-
ics (ATC: A10).

The blood samples in the regional cohort were drawn
in median pregnancy week 10 (range 4-20), and serum
residues were stored at -80 °C until measurement of
thyroid-stimulating hormone (TSH), thyroid peroxidase
antibodies (TPO-Ab) and thyroglobulin antibodies (Tg-
Ab) on an ADVIA Centaur XPT (Siemens Healthineers,
Erlangen, Germany) in 2015-2016 [8]. Method- and
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pregnancy-specific cut-offs for TPO-Ab and Tg-Ab were
previously established within the cohort (TPO-Ab: 60 U/
mL and Tg-Ab: 33 U/mL) [11] and used for classification
of thyroid autoantibody positive women. The severity of
maternal hypothyroidism was assessed from categories of
maternal TSH.

The associations between maternal hypothyroidism
and outcome of preeclampsia were evaluated using multi-
variate logistic regression (adjusted odds ratio (aOR) with
95% confidence intervals (95% CI)). The adjusted model
included sex of the child, parity, origin, smoking in preg-
nancy, and diabetes (dichotomous variables) as well as
pregnancy week of blood sampling, birth year of the child
and maternal (continuous variables). In a sub-analysis, we
evaluated the association with paternal hypothyroidism
since we hypothesized that any underlying autoimmune
or genetic component would be reflected in associations
with both maternal and paternal hypothyroidism.

Statistical analyses were performed using STATA ver-
sion 17.0 (Stata Corp LLC, College Station, Texas, USA).

Results

Altogether 1,014,775 pregnancies were included in the
nationwide cohort and 14,573 in the regional cohort
(Table 1). As expected, the two cohorts differed on cer-
tain maternal characteristics such as smoking in preg-
nancy and frequency of diabetes which is compatible
with the time trend during the 17 years of inclusion in
the nationwide cohort. When a sub-cohort of the nation-
wide study population was identified to match the years
of inclusion in the regional cohort, the differences lev-
elled out (Table 1). However, it was a characteristic that
women in the regional cohort were younger, less often of
non-Danish origin, and more often obese (Table 1).

In the nationwide cohort, 2.2% of pregnant women
with no history of hypothyroidism were diagnosed with
preeclampsia, whereas the frequency was 3.0% among
women with hypothyroidism (Table 2). This overall asso-
ciation revealed a significant higher risk of preeclamp-
sia among women with hypothyroidism in crude and
adjusted analyses. Further, a higher risk was observed
irrespective of when maternal hypothyroidism was first
diagnosed in relation to the pregnancy, however, with
a trend towards the highest risk of preeclampsia when
maternal hypothyroidism was first time diagnosed in the
pregnancy (Table 2). Considering the severity of preec-
lampsia, maternal hypothyroidism increased the risk of
severe as well as moderate preeclampsia (Table 3). How-
ever, no significant association with gestational hyper-
tension was seen (Table 3). Most women identified with
hypothyroidism had redeemed prescriptions of Levothy-
roxine (96%) and redeemed more than one prescription
in the study period (99%). Overall, results did not change
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when analyses were restricted to women with redeemed
prescriptions or to women with a minimum of two
prescriptions.

The findings that maternal hypothyroidism associ-
ated with a risk of preeclampsia irrespective of whether
maternal thyroid disease was known in pregnancy or
later diagnosed led to considerations on the underlying
mechanisms. No association with paternal hypothyroid-
ism was seen in the nationwide cohort (Table 4) or with
levels of thyroid autoantibodies among women in the
regional cohort (Table 5). On the other hand, high lev-
els of maternal TSH (> 6 mIU/L) associated with a higher
risk of preeclampsia (Fig. 1). Altogether 147 women
received treatment with Levothyroxine in the pregnancy,
and in 14 women the treatment was started in the preg-
nancy in median pregnancy week 11 (range 4—24). More
specifically, 26 pregnant women (20.2%) with TSH>6
mlU/L received treatment with Levothyroxine at the
time of blood sampling in early pregnancy. When analy-
ses were performed with the additional adjustment for
medical treatment in early pregnancy, an increased risk
of preeclampsia among women with TSH>6 mIU/L was
found, however, the association did not reach statistical
significance (aOR 2.05 (95% CI: 0.92-4.60)).

Discussion

Principle findings

In a large nationwide cohort of 1,014,775 pregnancies,
women with hypothyroidism more frequently developed
preeclampsia, and especially if hypothyroidism was first
time diagnosed in the pregnancy. The association was
substantiated in a regional cohort of 14,573 pregnancies
with biochemical assessment of thyroid parameters in
early pregnancy. In this case, elevated maternal TSH (>6
mlU/L) associated with a higher risk of preeclampsia,
whereas no association with thyroid autoantibodies was
found.

Interpretation

The risk of adverse pregnancy outcomes in women
with hypothyroidism has long been a matter of clini-
cal and scientific focus. From early reports [12], a focus
has been on a risk associated with overt and subclini-
cal hypothyroidism. In a recent systematic review and
data meta-analysis, it was found that maternal subclini-
cal hypothyroidism was associated with a higher risk of
developing preeclampsia [13]. Maternal overt hypothy-
roidism was not specifically investigated in this study,
and women with known thyroid disease were excluded
from the analyses, but higher maternal TSH associated
with a risk of preeclampsia in continuous analyses [13].
Furthermore, TPO-Ab positivity was not a risk factor for
preeclampsia in this large study. Overall, our results add
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Table 1 Characteristics of the nationwide cohort and the regional cohort

Nationwide cohort Nationwide sub-cohort Regional cohort
1999-2015 2011-2015 2011-2015
n % n % n %

Pregnancies 1,014,775 274,849 14,573
Child characteristics
Sex®

Girl 493,739 48.7 133,714 48.7 7,119 48.9

Boy 520,598 51.3 140,945 51.3 7,449 51.1
Preterm birth®

Yes 34,033 34 8,894 3.2 490 3.4

No 980,742 96.6 265,955 96.8 14,083 96.6
Low birth weight®¢

Yes 36,121 3.6 9,687 3.6 538 3.8

No 969,787 96.4 262,236 96.4 13,750 96.2
Outcome

Live birth 1,011,146 99.6 273,919 99.7 14,526 99.7

Stillbirth 3,629 0.4 930 0.3 47 0.3
Maternal characteristics
Age

< 25 years 129,997 12.8 34,533 12.6 2,251 15.5

25-35 years 745,527 73.5 196,033 71.3 10,595 72.7

> 35 years 139,251 13.7 44,283 16.1 1,727 11.8
Parity?

Nulliparous 445,976 44.5 127,350 46.6 6,737 46.4

Multiparous 555,221 55.5 145,902 53.4 7,780 53.6
Origin®

Born in Denmark 858,811 84.7 222,721 81.1 12,919 88.6

Not born in Denmark 155,726 15.3 51,952 18.9 1,654 11.4
Smoking in pregnancy?®

Smoking 158,482 16.0 31,295 11.5 1,683 11.6

Non-smoking 834,786 84.0 240,574 88.5 12,820 88.4
Diabetes

Yes 56,906 5.6 22,397 8.1 1,306 9.0

No 957,869 94.4 252,452 91.9 13,267 91.0
Pre-pregnancy BMI¢

< 18.5 kg/m? 29,222 4.4 11,977 4.4 586 4.0

18.5-24.9 kg/m? 420,665 62.4 167,117 61.7 8,144 56.2

>25.0 kg/m? 223,911 33.2 91,842 33.9 5,775 39.8

Abbreviations: BMI body mass index
@ Missing values not included (sex of the child n = 438; birth weight n = 8,867; parity n = 13,578; origin n = 238; smoking n = 21,507)

b Gestational age at birth < 37 full weeks and zero days (37+0). “Birth weight < 2500 grams. “Data only available from 2004 and onwards (Missing values BMI n =
340,977)
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Table 2 Maternal hypothyroidism and the risk of preeclampsia in the nationwide cohort

Exposed Preeclampsia Crude Adjusted?
n n % OR OR 95% ClI
No hypothyroidism 991,696 21,664 2.2 Ref. Ref.
Hypothyroidism 23,079 680 3.0 1.36 1.25 1.16-1.36
Before the pregnancy 10,420 279 2.7 1.23 1.15 1.02-1.31
In the pregnancy 2,015 85 4.2 1.97 1.63 1.31-2.04
After the pregnancy 10,644 316 3.0 1.37 1.27 1.13-1.43

Abbreviations: OR odds ratio, Cl confidence interval, ref. reference group
2 Adjusted model included: birth year and sex of the child, maternal age, parity, origin, smoking, and diabetes

Table 3 Maternal hypothyroidism and the severity of preeclampsia as well as gestational hypertension in the nationwide cohort

Exposed Preeclampsia Crude Adjusted?
n n % OR OR 95% Cl

Severe preeclampsia

No hypothyroidism 991,696 5,197 0.5 Ref. Ref.

Hypothyroidism 23,079 173 0.8 1.43 1.29 1.10-1.51
Moderate preeclampsia

No hypothyroidism 991,696 14,922 1.5 Ref. Ref.

Hypothyroidism 23,079 462 2.0 1.34 1.25 1.13-1.38
Gestational hypertension

No hypothyroidism 991,696 8,750 0.9 Ref. Ref.

Hypothyroidism 23,079 277 1.2 1.36 1.11 0.98-1.26

Abbreviations: OR odds ratio, C/ confidence interval, ref. reference group
@ Adjusted model included: birth year and sex of the child, maternal age, parity, origin, smoking, and diabetes

Table 4 Paternal hypothyroidism and the risk of preeclampsia in the nationwide cohort

Exposed? Preeclampsia Crude Adjusted®
n n % OR OR 95% Cl
No hypothyroidism 987,993 21,643 2.2 Ref. Ref.
Hypothyroidism 3,151 74 2.4 1.08 1.12 0.89-1.41

Abbreviations: OR odds ratio, C/ confidence interval, ref. reference group
2 Pregnancies exposed to maternal hypothyroidism not included in this analysis. Missing information regarding fatherhood n = 552

b Adjusted model included: birth year and sex of the child, paternal age, origin, and diabetes
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Table 5 Maternal autoimmunity and the risk of preeclampsia in the regional cohort
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Exposed Preeclampsia Crude Adjusted?
n n % OR OR 95% Cl

Maternal TPO- or Tg-Ab®

Negative 12,131 305 2.5 Ref. Ref.

Positive 2,442 53 2.2 0.86 0.86 0.63-1.16
Maternal TPO-Ab®

Negative 12,967 317 2.4 Ref. Ref.

Positive 1,606 41 2.6 1.05 1.02 0.73-1.44
Maternal Tg-Ab®

Negative 12,585 319 2.5 Ref. Ref.

Positive 1,988 39 2.0 0.77 0.76 0.54-1.08

Abbreviations: OR odds ratio, C/ confidence interval, ref. reference group

@ Adjusted model included: pregnancy week of blood sampling, birth year and sex of the child, maternal age, parity, origin, body mass index, smoking, and diabetes

b Cut-off for thyroid autoantibody positivity: TPO-Ab > 60 U/mL and Tg-Ab > 33 U/mL

Preeclampsia (%)

10

aOR1.19
95% Cl (0.82-1.72)

aOR 1.06
95% Cl (0.49-2.31)

aOR 2.39
95% Cl (1.09-5.26)

T Reference
n=13,244 n =963 n=237 n=129
<2.5 2.5-3.99 4.0-5.99 26.0
TSH (mIU/L)

Fig. 1 Adjusted odds ratios (aOR) with 95% confidence intervals (95% Cl) on the association between maternal thyroid-stimulating hormone (TSH)
and the risk of preeclampsia in the regional cohort. The adjusted model included pregnancy week of blood sampling, birth year, sex of the child,
maternal age, parity, origin, body mass index, smoking, and diabetes
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to the existing summarized evidence [13] corroborating
an association with maternal hypothyroidism, and not
with thyroid autoantibodies per se. Furthermore, results
of our study substantiate the level of maternal TSH asso-
ciated with a higher risk of preeclampsia and turn the
focus towards severe maternal hypothyroidism.

Characteristic of the existing literature on maternal
hypothyroidism and the risk of preeclampsia is a hetero-
geneity in the studies regarding exposure and outcome
assessment and definition. All studies were observational
in design; however, it varies whether exposure and out-
come are assessed from diagnosis or biochemical assess-
ment. A strength of our study was the combined use of
two pregnancy cohorts and thereby the assessment of the
association between maternal hypothyroidism and preec-
lampsia using two different designs that were giving simi-
lar results.

The first cohort that we investigated was a large nation-
wide and register-based cohort. Nationwide health reg-
isters in Denmark provide unique opportunities for
identification of all pregnant women and linkage to
information on exposure and outcome. In the nation-
wide cohort, we found that maternal hypothyroidism
associated with a higher risk of preeclampsia, and this
association has also been found in other large register-
based birth cohorts [14—16]. Such register-based designs
provide large cohorts and many exposed pregnancies;
however, the exposure is indirectly assessed from reg-
istrations of hospital diagnoses and redeemed pre-
scriptions of drugs, and we can only speculate on the
underlying mechanisms of the associations observed. A
pertinent question regarding hypothyroidism in preg-
nant women is on the differential pathogenic role of
abnormal thyroid function and thyroid autoantibod-
ies as the dominant cause of hypothyroidism is autoim-
mune disease in women of this age span. To elaborate
further on these differential components in the register-
based design we evaluated results according to the reg-
istered onset of maternal hypothyroidism and according
to paternal hypothyroidism. If autoimmune mechanisms
are dominant factors in the higher risk of preeclampsia
association with hypothyroidism, we would expect an
association with maternal hypothyroidism irrespective
of when the disorder was diagnosed in relation to the
pregnancy under study. Furthermore, we would expect
an association with paternal hypothyroidism as a marker
of an autoimmune and genetic component. We found an
association between maternal hypothyroidism and preec-
lampsia both when maternal hypothyroidism was first
time registered before, during and after the pregnancy,
however, the association was most pronounced when
maternal hypothyroidism was newly diagnosed in the
pregnancy. On the other hand, no association between
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paternal hypothyroidism and preeclampsia was seen.
Thus, our findings in the register-based cohort were not
completely clear but pointed towards an association with
abnormal maternal thyroid function rather than thyroid
autoimmunity. This hypothesis would align with a high
risk among women newly diagnosed with hypothyroid-
ism in the pregnancy because euthyroidism is not imme-
diately obtained. Furthermore, we previously showed that
the frequency of having abnormal thyroid function in the
pregnancy is high among women with known hypothy-
roidism (likely insufficiently treated) and among women
first diagnosed after the pregnancy (likely undiagnosed
and untreated in the pregnancy) [17].

To extend the register-based findings from our and
previous studies, a more direct assessment of mater-
nal thyroid function and thyroid autoimmunity in preg-
nancy is warranted to substantiate the hypothesis. Thus,
we included a second cohort in the present study which
was a regional pregnancy cohort with blood samples
from early pregnant women stored in a biobank and used
for measurement of TSH and thyroid autoantibodies. In
the regional cohort, we found that women with TSH>6
mlIU/L in early pregnancy had a higher risk of preec-
lampsia, and these results corroborated our initial find-
ings from the register-based cohort on the association
between maternal hypothyroidism and preeclampsia.
A similar association between maternal hypothyroid-
ism and outcome of preeclampsia has been presented in
other cohort studies with biochemical assessment of TSH
in early pregnancy [18, 19]. The definition of hypothy-
roidism in pregnant women and hereby the level of TSH
associated with adverse outcomes and a need for treat-
ment is a matter of debate [1, 3]. We previously evaluated
the consistency in maternal biochemical hypothyroid-
ism with repeated blood samples among women in the
regional cohort [20] and found that maternal TSH>6
mlIU/L was associated with consistent hypothyroid-
ism whereas smaller abnormalities in maternal TSH less
often persisted with repeated blood sampling [20]. Fur-
thermore, we found for other adverse outcomes of preg-
nancy [21] and child development [22] that markedly
elevated maternal TSH was the main risk factor.

An important clinical perspective is whether the treat-
ment of maternal hypothyroidism in pregnancy would
reduce the risk of developing preeclampsia. Via linkage
to the nationwide health registers in Denmark, we had
the possibility to identify women in the regional biobank
who had known and treated biochemical hypothyroid-
ism in the early pregnancy sample and those who had
undetected hypothyroidism left untreated in the preg-
nancy. We found a non-significant higher risk of preec-
lampsia even if the analyses were adjusted for treatment
with Levothyroxine. In contrast, other studies showed
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that women with hypothyroidism who received Levo-
thyroxine in pregnancy did not have a higher frequency
of preeclampsia [16, 19]. The evaluation of treatment is,
however, difficult in a retrospective, observational design,
and even if we identified women treated, we do not know
about the duration of abnormal thyroid function in the
pregnancy because the biobank assessment relied on a
single sample. Thus, the lack of treatment effect seen in
our study may relate to the small sample size or reflect
the fact that thyroid function was abnormal in critical
parts of the pregnancy also among women treated. The
risk of insufficient treatment among women with hypo-
thyroidism who becomes pregnant is a concern [17], and
more studies on the timing of treatment and the dura-
tion of abnormal thyroid function in relation to adverse
outcomes among women with hypothyroidism are war-
ranted to extend the findings.

Besides the severity of hypothyroidism, the role of
thyroid autoimmunity in relation to adverse pregnancy
outcomes remains controversial [1, 3]. This led us to eval-
uate thyroid autoantibodies (TPO-Ab and Tg-Ab) among
pregnant women in the regional cohort, and we did not
observe that the thyroid autoantibodies associated with
an increased risk of preeclampsia. This finding is in
accordance with previous studies and with our hypoth-
esis and findings in the register-based cohort [18, 19, 23].

The underlying mechanisms for an association between
hypothyroidism and preeclampsia are still to be eluci-
dated. One theory considers an imbalance in circulating
angiogenic factors which in turn is thought to influence
the development of preeclampsia and other pregnancy
complications [24-26]. Placental dysfunction has been
associated with elevated levels of the antiangiogenic fac-
tor soluble fms-like tyrosine kinase-1 (sFlt-1), which
antagonize the effect of angiogenic signaling from placen-
tal growth factor and vascular endothelial growth factor
[24-26]. Sparse evidence is available on the association
between levels of thyroid hormones and placental mark-
ers, but increasing levels of sFlt-1 in pregnant women
with subclinical hypothyroidism has been proposed [27,
28]. More studies are needed to evaluate whether the
adverse impact of maternal hypothyroidism in pregnancy
could be mediated via alterations in placental biomarkers
and thereby in placental function.

Methodological comments

A large nationwide cohort was studied via the use of
Danish nationwide health registers and the validity of
these register data is considered high [9, 10]. Levothy-
roxine is a disease-specific treatment of hypothyroidism
which requires a prescription. Thus, the combination of
hospital diagnoses and redeemed prescriptions of drugs
ensured that hypothyroid women managed and treated
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in general practice were also included in the study. We
cannot exclude misclassification of exposure or outcome
in the nationwide cohort, and that this misclassification
could be differential if a diagnosis of hypothyroidism
increases the clinical awareness of the detection of preec-
lampsia or vice versa. However, we additionally studied
the regional cohort which was a retrospective biobank
and thereby thyroid function was assessed after the preg-
nancy and independent of clinical practice. The severity
of maternal hypothyroidism was categorized according to
maternal TSH in the regional cohort where a high level
of TSH>6 mIU/L associated with a higher risk of preec-
lampsia, but numbers in this sub-group were too small to
stratify and evaluate associations in further subdivision
into perspectives such as severity of preeclampsia, status
of thyroid autoimmunity, and treatment with Levothy-
roxine. The inclusion criterion of the regional cohort was
that the pregnant women had a blood sample drawn in
early pregnancy as part of prenatal screening for chro-
mosomal anomalies, and in this screening program the
rate of participation is high [29]. The blood samples were
stored at -80 °C for a maximum of five years until further
analysis, and the measured thyroid function parameters
and thyroid autoantibodies are known to be stable for
long-term frozen storage [30].

Conclusions

In two large cohorts of Danish pregnant women, mater-
nal hypothyroidism was associated with a higher risk of
preeclampsia. Biochemical assessment of maternal thy-
roid function revealed that the severity of hypothyroid-
ism was important. Furthermore, results did not support
an association between thyroid autoimmunity per se and
preeclampsia.
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