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Background:No previous study has examined the effect of maternal hypothyroidism on a
broad spectrum of cardiovascular disease (CVD) endpoints in the offspring.

Methods: A nationwide population-based cohort study based on the linkage of several
Danish nationwide registries was conducted to explore whether maternal hypothyroidism
is associated with offspring’s CVD. Altogether 1,041,448 singletons born between the 1st
of January 1978 and the 31st of December 1998 were investigated from the age of 8
years to the 31st of December 2016. Exposure was maternal diagnosis of hypothyroidism
across lifespan and the outcome of interest was a CVD diagnosis in the offspring. Cox
regression models were performed to estimate the hazard ratios (HRs) of CVD.

Results: Offspring born to mothers with hypothyroidism had an increased risk of CVD
(hazard ratios (HR)=1.23, 95% confidence interval (CI): 1.12-1.35), and of several
subcategories of CVD including hypertension, arrhythmia, and acute myocardial
infarction in offspring. The magnitude of association was the most pronounced in an
exposure occur during pregnancy (HR=1.71, 95% CI: 1.10-2.67), which is consistent
across all the subgroup analysis, including sibling analysis.

Conclusions: Maternal hypothyroidism is associated with an increased risk of CVD in
offspring. Thyroid hormone insufficiency during pregnancy may predominantly contribute
to the observed associations; however, the effects of a shared genetic background and a
time-stable familial environment/lifestyle factors cannot be excluded.

Keywords: hypothyroidism, in utero exposure, nationwide cohort study, cardiovascular disease, register-based
INTRODUCTION

Cardiovascular disease (CVD) is the leading cause of death and disability worldwide (1, 2).
Although a number of environmental and genetic risk factors have been identified, the aetiology
of a large proportion of CVD remains to be elucidated, in particular those occurring at a younger
age (1, 3). An increasing body of evidence has supported the hypothesis of “foetal origins” of CVD,
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suggesting that adverse conditions in utero may play an
important role in the development of CVD later in life (4).

Hypothyroidism, an endocrine disorder characterized by
thyroid deficiency, is a common condition that can complicate
pregnancy, with a prevalence of 2%-5% (5). Thyroid hormones
are involved in multiple physical processes during intrauterine
life; however, the foetus does not produce thyroid hormones
until mid-gestation. Therefore, sufficient expression of maternal
thyroid hormones is crucial for foetal development (6). Overt
hypothyroidism is associated with multiple adverse pregnancy
outcomes, such as preterm birth, low birth weight,
and neurodevelopmental disorders (7–10). Maternal
hypothyroidism may also affect the development of the foetal
cardiovascular system (11, 12). Adequate maternal thyroid
function is necessary for the proper expression of both
structural and regulatory genes in cardiomyocytes of foetal rats
(11). Human study has also indicated an association between
maternal hypothyroidism and congenital heart disease (12).
Furthermore, study has also suggested a programming effect of
maternal thyroid function on blood pressure of offspring at the
age of 20 years (13). However, to our knowledge, no previous
study has examined the effect of maternal hypothyroidism on a
broad spectrum of CVD endpoints at elder ages.

We conducted a nationwide population-based cohort study to
examine the association between maternal hypothyroidism and
the risk of CVD in offspring using Danish registry data. In the
present study, we focused on CVD in adolescents and adults,
since the association with congenital heart disease has been
reported (12). The large sample size and the opportunity for a
long-term follow-up allowed us to examine effect of maternal
hypothyroidism occurring during pregnancy, as well as in other
time windows.
Frontiers in Endocrinology | www.frontiersin.org 2
MATERIAL AND METHODS

Study Population
We constructed a population-based cohort by linking several
Danish population-based registries through the unique personal
identification number assigned to all residents. We included all
live singleton births born in Denmark from the 1st of January
1978 to the 31st of December 1998 identified from the Danish
Medical Birth Register (DMBR) (14). Follow-up commenced at
the age of 8 years and offspring born after 1998 were excluded to
make sure that study subjects of offspring could be followed for at
least 10 years at the end of follow-up (31st of December, 2016).
We also excluded offspring with congenital anomalies that may
have a higher risk of CVD due to congenital heart disease or
medical intervention to treat for other anomalies (15). Among
the 1,276,731 live births during the study period, we included
1,041,448 singleton births in the final study population after
excluding twins (33,984), offspring with congenital anomalies
(157,611), offspring emigrated (8,800) or died (6,614) before
their 8th birthday, and offspring who had a CVD diagnosis before
their 8th birthday (28,274) (Figure 1). All offspring were followed
from the age of 8 until onset of CVD, death, emigration, or
December 31, 2016, whichever came first. The longest follow-up
was 38 years. The study was approved by the Danish Data
Protection Agency (registration no. 2013-41-2569).

Ascertainment of Maternal
Hypothyroidism
We classified offspring as exposed, if their mothers had at least
one inpatient diagnosis of hypothyroidism (ICD-8 codes 243-
244, and ICD-10 codes E03 and E89.0) between 1977 and 2016 in
the Danish National Patient Registry (DNPR) (16), which
FIGURE 1 | Flow chart illustrating the identification of the study population.
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contained information on all hospital admissions in the country
since 1977. Outpatient diagnosis of maternal hypothyroidism
was only included in a subgroup of offspring born after 1996
since the register did not contain outpatient care information
until 1995. Exposed offspring were classified according to the
date of the first diagnosis of maternal hypothyroidism: before
conception, during pregnancy, up to five years after delivery, and
more than five years after delivery. The start date of pregnancy
was estimated by subtracting the gestational age from the date of
birth. Offspring from mothers that had no hospital record of
hypothyroidism in the DNPR were allocated to the unexposed
group. Paternal hypothyroidism was identified with the same
strategy in the DNPR.

Ascertainment of CVD
Cases of CVD were identified in the inpatient and outpatient
components of the DNPR, as well as in the Cause of Death
Registry, defined by International Classification of Diseases
(ICD) codes 390-459 (ICD-8) and I00-I78 (ICD-10). The dates
of the earliest diagnosis of any type of CVD were identified.
Furthermore, the most prevalent CVD subtypes were also
identified, i.e. hypertension, ischemic heart disease, arrhythmia
(including supraventricular arrhythmias and ventricular
arrhythmias), atrial fibrillation, stroke, and acute myocardial
infarction (for ICD codes see Supplementary Table 1). For the
sub-analysis with hypertension, we also considered prescriptions
of hypertensive medications from the Danish National
Prescription Registry (17) with the ATC codes C02, C03, C07,
C08, and C09; those with either a hospital record of hypertension
or with at least two anti-hypertensive prescriptions were
considered to have hypertension. The time of the first
diagnosis or first dispensed prescription, whichever came first,
was used to define the onset of hypertension.

Ascertainment of Covariates
We obtained information on maternal age at childbirth, parity,
the offspring’s date of birth, gender, gestational age, birth weight,
and Apgar score at five minutes from the DMBR (18).
Information on maternal cohabitation, maternal employment
and year of maternal education were obtained from the Danish
Civil Registration System (19) and the Integrated Database for
Longitudinal Labor Market Research (20). Maternal
comorbidities that have been reported to be associated with
both the exposure and outcome of interest, i.e. maternal CVD
and diabetes (ICD8: 249-250, ICD10: E10-E14), were also
retrieved from the DNPR.

We replaced missing and invalid values (<154 or >315 days)
of gestational age with the median of all the singleton live births.
Missing values on parity were imputed based on the number of
older siblings in the DMBR. In case of a missing value for
maternal cohabitation and education at conception, we used
information on these variables from the previous or the
subsequent three years, if available.

Statistical Analysis
We first described the demographic characteristics of the study
population and calculated the age-specific CVD incidence rates
Frontiers in Endocrinology | www.frontiersin.org 3
for the exposed and the unexposed cohorts. We used Cox
proportional hazard models to examine the association
between maternal hypothyroidism and CVD, as well as the six
most prevalent subcategories of CVD, including hypertension,
ischemic heart disease, arrhythmia, atrial fibrillation, stroke, and
acute myocardial infarction. We further evaluated the risks
according to the time of the first diagnosis of maternal
hypothyroidism, i.e. before conception, during pregnancy, up
to five years after delivery, and more than five years after delivery.
Similar analyses were performed for hypertension, but not for
the other CVD subcategories, given the limited cases. Covariates
including year of birth, gender, parity, maternal age at childbirth,
education, and employment were adjusted for in the cox
regression model.

To examine the role of shared genetic and time-stable familial
environment/lifestyle factors, we performed parallel analyses
with paternal hypothyroidism, as well as a sibling analysis. The
latter was conducted among those with more than one sibling
using stratified Cox model cluster by identity of mother.

We conducted several sensitivity analyses to test the robustness
of our findings. First, we restricted the analyses to children born
between 1996 and 1998, who had an outpatient diagnosis of
maternal hypothyroidism to reveal any changes in the estimates
of the association. Second, to evaluate the effect of co-existing
diseases, we described the distribution of the comorbid diseases at
the first diagnosis of hypothyroidism and added the main co-
existing diseases as covariates in the Cox regression model where
appropriate. Third, we stratified the analyses by maternal CVD
and diabetes to see whether they play a major role in the observed
association. Fourth, to examine whether the effect could be
modified by maternal age at delivery and education, we
conducted stratified analyses according to these variables.
Stratified analyses on offspring’s gender and age of CVD
diagnosis were also performed to examine whether the
associations were gender or age-specific. Fifth, to examine the
potential mediating effect of adverse birth outcome, we added
preterm birth, birth weight, and Apgar score as covariates to
identify any changes in the estimates of the association. Finally, we
repeated the above analyses 1) using data without any replacement
for missing values; 2) among those with Danish origin; 3)
excluding mothers who were diagnosed with hyperthyroidism
before hypothyroidism, to test the stability of the results.

All analyses were conducted using the Survival package in R.
RESULTS

There were 11,281 study participants born to mothers with
hypothyroidism (1.1%). Table 1 shows the characteristics of
mothers and offspring according to exposure status. Compared
to the unexposed offspring, exposed offspring were more likely to
have higher birthweight, be born preterm, born to mothers who
were older, had a higher education, and had CVD (20.5% vs.
45.9%) or diabetes (2.6 vs. 11.9%).

During the follow-up, which was starting from 8 years,
102,394 offspring (9.8%) emigrated, 5,735 died (0.6%), and
August 2021 | Volume 12 | Article 739629
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30,860 were diagnosed with CVD, yielding a CVD incidence rate
of 25.9 per 1000 person-years. The median follow-up time was
18.2 years (interquartile range: 13.8 to 24.0 years), and the
median age at the first diagnosis of CVD was 23.2 years
(interquartile range: 18.8 to 28.5 years).

We observed consistently higher incidence rates of CVD in
the exposed group than the unexposed, despite the offspring’s
ages (Supplement Figure S1). Compared with the unexposed
offspring, the HR of CVD for the exposed was 1.23 (95%
confidence interval (CI), 1.12-1.35) after adjusting for year of
birth, sex, parity, maternal age at childbirth, education, and
employment. When we restricted the analyses to children born
between 1996 and 1998 who had outpatient diagnosis of
maternal hypothyroidism, the association remained (HR=1.41,
95% CI, 0.90-2.21), although the estimate was less accurate due
to the largely decreased sample size. The risks were similar for
several main CVD subcategories including hypertension,
arrhythmia, and acute myocardial infarction, as well as a
weaker association with ischaemic heart disease (Table 2).

We observed a more pronounced association when the
exposure occurred during pregnancy (HR=1.71, 95% CI, 1.10-
2.67). No association was observed for exposure occurring before
pregnancy, or up to five years after pregnancy, probably due to
lack of statistical power. Notably, an association was also
observed for maternal hypothyroidism diagnosed more than
five years after delivery (HR=1.22, 95% CI, 1.11-1.35). Similar
patterns were observed for hypertension, the most common
subcategory of CVD in our study population (Table 3).

Parallel analyses with paternal hypothyroidism exposure also
suggested an increased risk for CVD (HR=1.21, 95% CI, 0.99-
1.49 for overall CV, and HR=1.25, 95% CI, 1.04-1.49 for
hypertension, Table 2).

In the comparison between siblings with and without
exposure of maternal hypothyroidism during pregnancy, we
included 313,905 families, corresponding to 709.474 offspring.
We observed similar associations as the main analysis (HR=1.73,
95% CI, 0.96-3.10 for overall CVD, and HR=2.01, 95% CI, 1.20-
3.36 for hypertension) (Table 4).

For the diagnosis of maternal hypothyroidism during
pregnancy, most of them (69%, Supplementary Table 2) were
given as a co-existing disease at childbirth-related medical
process, which indicate an equal chance for all pregnant
women, and are expected to produce less detection bias. For
TABLE 1 | Baseline characteristics of the study population according to
maternal hypothyroidism, n (%).

Characteristic Maternal
hypothyroidism

No maternal
hypothyroidism

(N=11,281) (N=1030,167)

Year of birth
1978-1982 3214 (28.5) 229,796 (22.3)
1983-1987 2650 (23.5) 216,111 (21.0)
1988-1992 2566 (22.7) 256,809 (24.9)
1993-1998 2851 (25.3) 327,451 (31.8)

Sex
Male 5746 (51.0) 521,034 (50.6)
Female 5520 (49.0) 508,178 (49.4)

Birth weight (g)
<2500 455 (4.0) 36,424 (3.5)
2500-3250 3532 (31.3) 313,479 (30.4)
3251-3999 5381 (47.7) 508,545 (49.4)
≥4000 1862 (16.5) 166,668 (16.2)
Unknown 51 (0.5) 5,051 (0.5)

Preterm birtha

Yes 503 (4.5) 38,420 (3.7)
No 10,778 (95.5) 991,747 (96.3)

Apgar score at 5 minutes
0-7 118 (1.0) 12,926 (1.3)
8-9 558 (4.9) 49,362 (4.8)
10 10,482 (93.0) 956,773 (92.8)
Unknown 123 (1.1) 11,106 (1.1)

Parity
1 5133 (45.6) 497,033 (48.2)
2 3972 (35.2) 367,252 (35.7)
≥3 2171 (19.2) 165,582 (16.1)
Unknown 5 (0.0) 300 (0.0)

Maternal age at childbirth (years)
12-19 412 (3.7) 33,214 (3.2)
20-24 2777 (24.6) 242,017 (23.5)
25-29 4098 (36.3) 407,976 (39.6)
30-34 2774 (24.6) 255,681 (24.8)
≥35 1220 (10.8) 91,279 (8.9)

Maternal education (years)
≤9 1537 (13.6) 176,750 (17.2)
10-14 3602 (31.9) 396,890 (38.5)
≥15 3934 (34.9) 302,811 (29.4)
Unknown 147 (1.3) 9088 (0.9)

Maternal smoking in the first trimester
(since 1991)
Yes 1292 (33.4) 131,505 (30.3)
No 2388 (61.7) 283,825 (65.3)
Unknown 191 (4.9) 19,352 (4.5)

Maternal employment
Not in the labour market 3774 (33.5) 286,313 (27.8)
Blue collar 1910 (16.9) 178,054 (17.3)
White collar 2837 (25.1) 313,690 (30.5)
Executive 1350 (12.0) 153,724 (14.9)
Unknown 28 (0.2) 28 (0.0)

Maternal cohabitation at childbirth
Single 4688 (41.6) 443,751 (43.1)
Cohabitating 6579 (58.3) 585,293 (56.8)
Unknown 0 (0.0) 56 (0.0)

Maternal diabetes
Yes 1347 (11.9) 27,259 (2.6)
No 9934 (88.1) 1002,908 (97.4)
Maternal CVDa

Yes 5181 (45.9) 211,133 (20.5)
No 6100 (54.1) 819,034 (79.5)

(Continued)
TABLE 1 | Continued

Characteristic Maternal
hypothyroidism

No maternal
hypothyroidism

(N=11,281) (N=1030,167)

Paternal age at childbirth (years)b

13-24 1494 (13.2) 121,600 (11.8)
25-29 3624 (32.1) 347,149 (33.7)
30-34 3459 (30.7) 330,680 (32.1)
≥35 2635 (23.4) 224,816 (21.8)
August
 2021 | Volume 12
CVD, cardiovascular diseases.
aDefined as a gestational age ≤258 days.
bThere are 5944 (0.57%) fathers with missing CPR number.
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maternal hypothyroidism occurring after delivery, a large
percentage was identified with a co-existing diagnosis of the
digestive system (10.88%), the genitourinary system (10.74%) or
neoplasm (7.22%) (Supplementary Table 2). We added these
co-existing diseases as covariates in the analysis of exposure after
delivery, the association decreased slightly but remain
statistically significant (Table 3).

We observed decreased associations between maternal
hypothyroidism exposure and CVD in the strata of offspring
with maternal CVD (Figure 2) and Diabetes (Supplementary
Figure S2), but no such decreases were observed for the exposure
during pregnancy. Stratification analyses by maternal age at
delivery, maternal education, the offspring’s gender, and age at
CVD diagnosis did not show evidence of effect modification by
these factors, except that offspring who had CVD diagnosed
before the age of 17 seemed more likely to be born to mothers
with hypothyroid diagnosed before conception (Supplementary
Figures S3–S6).

Adding preterm birth, birth weight, and Apgar score at five
minutes as covariates did not change the associations
substantially, even for those exposed during pregnancy. Using
data without any missing value replacement, restricting the
Frontiers in Endocrinology | www.frontiersin.org 5
analysis to mothers of Danish origin, and excluding mothers
(68) who were diagnosed with hyperthyroidism before
hypothyroidism, yielded similar results as the main analyses
(data not shown).
DISCUSSION

In this population-based cohort study, we observed an
association between maternal hypothyroidism and an increased
risk of CVD in offspring from adolescence to mid-adulthood.
The most consistent association was observed for offspring
exposed to maternal hypothyroidism during pregnancy, which
was also supported by sibling analysis. Notably, a weaker
association was also observed among offspring born to fathers
who had a diagnosis of hypothyroidism across their lifespan, as
well as to mothers who developed hypothyroidism more than
five years after delivery.

Earlier studies have documented an association between
maternal hypothyroidism and an increased risk of congenital
heart diseases (13). Two prospective studies have also examined
associations between maternal hypothyroidism and
TABLE 2 | Hazard ratios and 95% confidence intervals for offspring’s CVD according to exposure of maternal and paternal hypothyroidism.

No. of events Incidence rate (1/1000 person-years) HR (95% CI)

Crude Adjustedb

Maternal hypothyroidisma

CVD
Unexposed 30411 24.29 1.00 (reference) 1.00 (reference)
Exposed 449 32.73 1.29 (1.18,1.42) 1.23 (1.12,1.35)

Hypertension (identified through. patient registry)
Unexposed 5937 5.41 1.00 (reference) 1.00 (reference)
Exposed 105 8.57 1.51 (1.25,1.84) 1.39 (1.14,1.69)

Hypertension (identified through. patient registry and prescription registry)
Unexposed 36363 29.33 1.00 (reference) 1.00 (reference)
Exposed 661 48.30 1.61 (1.49,1.73) 1.47 (1.36,1.59)

Ischaemic heart disease
Unexposed 2413 2.20 1.00 (reference) 1.00 (reference)
Exposed 42 3.45 1.49 (1.10,2.03) 1.34 (0.98,1.82)

Arrhythmia
Unexposed 10817 8.14 1.00 (reference) 1.00 (reference)
Exposed 155 10.78 1.27 (1.08,1.48) 1.22 (1.04,1.44)

Atrial fibrillation
Unexposed 1603 1.36 1.00 (reference) 1.00 (reference)
Exposed 23 1.82 1.25 (0.83,1.88) 1.20 (0.79,1.81)

Stroke
Unexposed 3169 2.61 1.00 (reference) 1.00 (reference)
Exposed 41 2.74 1.13 (0.83,1.53) 1.04 (0.76,1.43)

Acute myocardial infarction
Unexposed 489 0.49 1.00 (reference) 1.00 (reference)
Exposed 13 1.18 2.25 (1.30,3.90) 2.02 (1.16,3.50)

Paternal hypothyroidisma

CVD
Unexposed 30768 24.37 1.00 (reference) 1.00 (reference)
Exposed 92 31.94 1.28 (1.05,1.58) 1.21 (0.99,1.49)

Hypertension
Unexposed 36904 29.51 1.00 (reference) 1.00 (reference)
Exposed 120 41.11 1.42 (1.18,1.70) 1.25 (1.04,1.49)
August 2021 | Volume 12
CVD, cardiovascular disease; HR, hazard ratio; CI, confidence intervals.
amaternal(paternal) diagnosis of hypothyroidism across lifespan.
badjusted for year of birth, sex, parity, maternal age at childbirth, maternal education, and maternal employment.
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hypertension (13, 21). In the study by Rytter et al., offspring of
subclinical hypothyroid mothers had higher systolic blood
pressure and a tendency towards higher diastolic blood
pressure at the age of 20 (13). Our results added to the
evidence that maternal hypothyroidism is associated with a
wider spectrum of CVD other than hypertension in the offspring.

The consistent findings on the increased risk of CVD
following in utero exposure to maternal hypothyroidism in our
study suggested that thyroid hormone deficiency during in utero
development might predispose offspring to an adverse
Frontiers in Endocrinology | www.frontiersin.org 6
cardiovascular development. Thyroid hormones are involved in
multiple physical processes, particularly during the intrauterine
life. The foetus wholly relies on maternal thyroxin until the onset
of foetal thyroid hormone secretion at 14-18 gestational weeks,
which coincides with important developmental events, including
cardiovascular development (6). Experimental studies in mice
have shown that thyroid hormones are involved in the
development of specific hypothalamic centres governing
cardiovascular function (22). Animal models of maternal
hypothyroidism have also revealed a variety of anomalies,
TABLE 3 | Hazard ratios and 95% confidence intervals for offspring’s CVD according to maternal hypothyroidism in different exposure windows.

No. of events Incidence rate
(1/1000 person-years)

HR (95% CI)

Crude Adjustedb

CVD
Unexposed 30411 24.29 1.00

(reference)
1.00

(reference)
Exposeda 449 32.73 1.29

(1.18,1.42)
1.23

(1.12,1.35)
During Pregnancy 19 38.95 1.60

(1.02,2.50)
1.71

(1.10,2.67)
Only Before Conception 12 18.66 1.09

(0.62,1.92)
1.23

(0.69,2.18)
Only During First 5 Years after Delivery 11 18.77 0.92

(0.51,1.65)
0.90

(0.49,1.66)
Only More Than 5 Years after Delivery 407 33.56 1.30

(1.18,1.43)
1.22

(1.11,1.35)
Only More Than 5 Years after Delivery (with additional adjustment for
co-existing diseasec)

1.19 (1.04,1.37)

Hypertension (identified through patient registry and prescription registry)
Unexposed 36363 29.33 1.00 (

reference)
1.00

(reference)
Exposeda 661 48.30 1.61

(1.49,1.73)
1.47

(1.36,1.59)
During Pregnancy 24 44.22 1.67

(1.12,2.50)
1.81

(1.21,2.69)
Only Before Concept 15 30.12 1.15

(0.69,1.90)
1.36

(0.81,2.26)
Only During 0-5 Years after Delivery 17 30.08 1.17

(0.73,1.88)
1.39

(0.87,2.24)
Only More Than 5 Years after Deliveryc 605 49.86 1.63

(1.51,1.77)
1.47

(1.35,1.59)
August 2
021 | Volume 12
CVD, cardiovascular disease; HR, hazard ratio; CI, confidence intervals.
amaternal diagnosis of hypothyroidism across lifespan.
badjusted for year of birth, sex, maternal parity, maternal age at childbirth, maternal education, and maternal employment.
cIncludes neoplasms, circulatory, digestive, and genitourinary diseases.
TABLE 4 | Hazard ratios and 95% confidence intervals for offspring’s CVD according to maternal hypothyroidism during pregnancy in a sibling-matched analysis.

No. of events Incidence rate (1/1000 person-years) HR (95% CI)

Crude Adjustedb

CVDs
Unexposed 19786 25.69 1.00 (reference) 1.00 (reference)
Exposeda 13 41.28 1.75 (1.02,3.04) 1.73 (0.96,3.10)

Hypertension (identified through patient registry and prescription registry)
Unexposed 23089 32.46 1.00 (reference) 1.00 (reference)
Exposeda 15 53.16 1.79 (1.08,2.97) 2.01 (1.20,3.36)
CVD, cardiovascular disease; HR, hazard ratio; CI, confidence intervals.
amaternal diagnosis of hypothyroidism during pregnancy.
badjusted for: year of birth, sex, parity, maternal age at childbirth.
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which are involved in cardiac function, including the renin-
angiotensin system, beta-adrenergic system, and endothelial
functions (23, 24). Additionally, epigenetic mechanisms are
also plausible since maternal hypothyroidism has been
observed to cause histone modifications and alteration in DNA
methylation (25, 26).

Hypothyroidism is associated with later occurrence of CVD
in human adults (27, 28). which made us hypothesize that the
two diseases may share similar personal genetic backgrounds.
This hypothesis provides an explanation to our findings
including: 1) weak associations were also observed among
those with only paternal exposure, as well as among those with
maternal hypothyroidism exposure more than 5 years after
delivery; and 2) a decreased risk was observed in the stratum
with maternal CVD. However, it cannot be excluded that shared
familial environmental factors for hypothyroidism and CVD
may also play a role.

Maternal hypothyroidism can result in adverse birth
outcomes in offspring (29). Hence, it is plausible that the
association between maternal hypothyroidism and risk of CVD
in offspring is mediated in part through increased risks of adverse
birth outcomes, which are independently associated with
increased risk for CVD in later life. However, this hypothesis
was not supported since the estimates corresponding to the
association between maternal hypothyroidism and CVD did
not change substantially, when we added preterm birth, birth
weight, and Apgar score as covariates in our multivariate model.

The present study has a number of strengths. The large
population-based study with virtually complete follow-up
makes bias due to non-response or loss to follow-up unlikely.
Due to the large sample size, we were able to examine less
frequent outcomes such as CVD in adolescents and young adults.
Additionally, we were able to evaluate the possible genetic effects
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through the inclusion of paternal hypothyroidism as a negative
control and stratification by maternal CVD comorbidities.

We acknowledge several important limitations. First, we
identified exposed subjects through inpatient record of
hypothyroidism in the main analyses. Since the symptoms of
hypothyroidism can be mild and unspecific, our study might be
overrepresented by more severe hypothyroid cases and cases
with other co-existing diseases (30). We evaluated the potential
bias through a sub-analysis among those with outpatient data of
maternal hypothyroidism and additional adjusting the co-
existing disease, and found similar associations, suggesting a
minimal effect of detection bias. In addition, the most consistent
association was observed among those with maternal exposure
during pregnancy, for whom the bias would be less since all
pregnant women would be recruited as an inpatient for delivery.
Despite these, a more accurate method of exposure identification
is needed to verify our findings. Second, the maximum age of
follow-up in our study was 38 years, and association for offspring
of older ages are not known. However, the consistently higher
incidence rates of the exposed group observed across all ages
indicated that the risk might remain later in life. Third, offspring
who had congenital anomalies were excluded in our study. This
may have introduced a bias toward null, since hypothyroidism in
pregnant mothers may lead to congenital anomalies including
those with a high risk on CVD. Fourth, we do not have enough
data on medication to examine the potential protective effect of
thyroid hormone treatment since the prescription registry was
not established in Denmark until 1995. Similarly, the
information on how well-controlled maternal hypothyroidism,
especially during pregnancy, was not available in the present
study. These mothers would be classified as unexposed; however
the estimates would probably be biased toward null. Finally,
some important covariates, such as BMI of offspring, were not
FIGURE 2 | The association between maternal hypothyroidism and offspring’s CVD stratified by maternal CVD. CVD, cardiovascular disease; Incidence rate,
incidence rate per 1000 person-years; HR, hazard ratio; CI, confidence interval; Ref, reference group.
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routinely collected in Danish medical registry, and thus their
potential confounding effect cannot be evaluated in the
present study.

In conclusion, maternal hypothyroidism may have an adverse
effect on offspring’s cardiovascular health from adolescence to
mid-adulthood, particularly when the exposure occurs during
pregnancy. The effects of genetic susceptibility or common
familial environmental factors cannot be fully excluded, due to
the associations observed for paternal hypothyroidism as well as
for maternal exposure more than 5 years after delivery. Although
the magnitude of the association between hypothyroidism and
an increased CVD risk is small, it may translate into a substantial
increase in risk at the population level given the high prevalence
of hypothyroidism.
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