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ABSTRACT
Background: Cardiovascular disease (CVD) is increasing in youths,
but there is limited knowledge about the etiology of early-onset CVD.
We aimed to examine the association between maternal education
before childbirth and CVD risk in offspring during early adulthood (20
to 40 years of age).
Methods: This population-based cohort study included 112,3600
subjects born in Denmark during 1977 to 1996.
Results: Compared with offspring born to mothers with high educa-
tion, offspring born to mothers with low or medium education had

R�ESUM�E
Contexte : Les maladies cardiovasculaires (MCV) sont en augmentation
chez les jeunes, mais les connaissances sur l'�etiologie des MCV �a appari-
tion pr�ecoce sont limit�ees. Nous avons voulu examiner l'association entre
le niveau d'�education de la m�ere avant l'accouchement et le risque de
MCV chez ses descendants au d�ebut de l'âge adulte (20 �a 40 ans).
M�ethodes : Cette �etude de cohorte bas�ee sur la population compre-
nait 112 360 sujets n�es au Danemark entre 1977 et 1996.
R�esultats : Par rapport aux enfants n�es de m�eres ayant un niveau
d'�education �elev�e, les enfants n�es de m�eres ayant un niveau
Cardiovascular disease (CVD) remains the leading cause of
disease burden globally.1,2 Early-onset CVD prevalence is
increasing,1 and many well-established CVD risk factors, such
as high body mass index (BMI), smoking, physical activity,
diabetes, hypertension, and hypercholesterolemia, are highly
prevalent in young adults.1-5 These suggest that the CVD epi-
demic tends to have an upward trend from early adulthood,
and thus identification and control of CVD risk factors as
early as possible would be an innovative and possibly more
effective strategy to meet this public health challenge.6

Barker et al. proposed that CVD has its origins in fetal life
via fetal programming, first based on the observations on the
association between adverse birth outcome and risk of CVD
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in adulthood.7-9 Studies in Europe and the United States indi-
cated that low maternal education before childbirth was asso-
ciated with several major CVD risk factors in offspring,
including adverse birth outcomes, obesity, diabetes, and high
systolic blood pressure.10-14 However, it remains unknown
whether or to what extent maternal education before child-
birth contributes to increased risk of CVD in early adulthood.

We hypothesized that low maternal education before child-
birth could increase the risk of early-onset CVD in the off-
spring via fetal programming and adverse birth outcomes
from early life stages.7,10 Using Danish national health registry
data, we studied associations between low maternal education
before childbirth and overall and type-specific risks of early-
onset CVD in offspring during young adulthood. We also
examined whether maternal history of CVD could influence
these associations.
Material and Methods

Study population

The unique personal identification number in Denmark
allows data linkage across registries.15 In this population-based
cohort study, we first identified all livebirths in Denmark dur-
ing 1977 to 1996. We excluded 18,259 persons with congeni-
tal heart disease diagnosed at birth or before a diagnosis of
CVD later in their life; 24,456 cases with diagnoses of CVD
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27% (hazard ratio, 1.27; 95% confidence interval, 1.23-1.30) or 12%
(1.12; 1.09-1.15) increased overall risk of early-onset CVD, respec-
tively. Increased risks were observed for most type-specific CVDs: in
particular, for myocardial infarction (low [2.03; 1.55-2.65] or medium
education [1.52; 1.16-1.99]), heart failure (low [1.59; 1.24-2.03] or
medium education [1.51; 1.19-1.92]), and ischemic stroke (low [1.50;
1.28-1.76] or medium education [1.29; 1.10-1.51]). We observed
high incidences of CVD in offspring of mothers with comorbid CVD
(low [1.67; 1.51-1.86] or medium education [1.46; 1.29-1.64]), com-
pared with those of mothers with high education and no history of
CVD.
Conclusions: Low maternal education before childbirth, especially
with maternal comorbid CVD, is significantly associated with increased
risk of overall CVD and most type-specific CVDs in offspring in early
adulthood. The influence of maternal education on future offspring
CVD should be taken into consideration in the assessment of CVD risks
from early decades of life.

d'�education faible ou moyen pr�esentaient respectivement un risque
global de MCV �a apparition pr�ecoce accru de 27 % (rapport de risque,
1,27; intervalle de confiance �a 95 %, 1,23-1,30) ou de 12 % (1,12;
1,09-1,15). Des risques accrus ont �et�e observ�es pour la plupart des
MCV caract�eris�ees: en particulier, pour l'infarctus du myocarde (niveau
d'�education faible [2,03; 1,55-2,65] ou moyen [1,52; 1,16-1,99]),
l'insuffisance cardiaque (niveau d'�education faible [1,59; 1,24-2,03]
ou moyen [1,51; 1,19-1,92]) et l'accident vasculaire c�er�ebral
isch�emique (niveau d'�education faible [1,50; 1,28-1,76] ou moyen
[1,29; 1,10-1,51]). Nous avons observ�e des incidences �elev�ees de
MCV chez les enfants de m�eres souffrant de MCV associ�ees �a des
comorbidit�es (niveau d'�education faible [1,67; 1,51-1,86] ou moyen
[1,46; 1,29-1,64]), par rapport aux enfants de m�eres ayant un niveau
d'�education �elev�e et sans ant�ec�edents de MCV.
Conclusions : Un faible niveau d'�education de la m�ere avant
l'accouchement, en particulier en cas de MCV li�ees �a des comorbidit�es
de la m�ere, est associ�e de mani�ere significative �a un risque accru de
MCV g�en�erale et de la plupart des MCV caract�eris�ees chez la
prog�eniture au d�ebut de l'âge adulte. L'influence de l'�education mater-
nelle sur les futures MCV de la descendance devrait être prise en
compte dans l'�evaluation des risques de MCV d�es les premi�eres
d�ecennies de la vie.
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before age 20, 27,062 individuals who died or were lost to fol-
low-up before age 20; and 11,046 persons with missing infor-
mation on maternal education. The final cohort comprised
1,123,600 subjects aged ≥ 20 years (Supplemental Fig. S1).
There was no obvious difference in the distribution of mater-
nal education between those in the final cohort and the
excluded subjects (Supplemental Table S1). Follow-up started
from age 20 and ended on the date of CVD diagnosis, death,
emigration, or December 31, 2016.

Maternal educational status

Levels of maternal education before childbirth were catego-
rized as low (primary and lower secondary education),
medium (upper secondary education and a vocational degree),
or high (university education). Information on maternal edu-
cation was obtained from the Danish Integrated Database for
Labor Market Research.16

Cardiovascular outcomes

The outcome of interest was early-onset CVD, which was
the first diagnosis of offspring CVD in early adulthood (20 to
40 years old). We also studied type-specific CVDs, including
ischemic heart disease, myocardial infarction, cerebrovascular
disease, stroke, ischemic stroke, heart failure, atrial fibrillation,
hypertensive heart disease or hypertensive renal disease, deep
vein thrombosis, pulmonary embolism, rheumatic heart dis-
ease, and peripheral artery disease (specific ICD codes in
Supplemental Appendix S1). Information on CVD was
retrieved from the Danish National Patient Registry (DNPR)
and the Danish Causes of Death Register.15 The DNPR con-
tains information on hospital admissions since 1977 and out-
patient contact and emergency department visits since 1995.

Covariates

Covariates included maternal age (< 20, 20 to 24, 25 to
29, 30 to 34, or ≥ 35 years), parity (1, 2, or ≥ 3 children),
maternal cohabitation (single or cohabitating), maternal resi-
dence (Copenhagen, cities with ≥ 100,000 inhabitants, or
other), maternal history of diabetes, maternal history of CVD,
paternal history of CVD before childbirth, maternal country
of origin (Denmark or non-Denmark), singleton birth, sex of
child, and birth year (1977 to 1980, 1981 to 1985, 1986 to
1990, and 1991 to 1996). Information on maternal and birth
characteristics was retrieved from the national Medical Birth
Register.15 A missing indicator was created for variables with
missing values. Multiple imputation and complete case analy-
ses were also performed.
Statistical analysis

Considering non-CVD deaths as competing risk, compet-
ing risk analysis was conducted to calculate averaged cumula-
tive incidence function according to the distribution of the
covariates listed here, using inverse probability weighting
approach. We used Cox regression to compute hazard ratios
(HRs) with 95% confidence intervals (CIs) to assess associa-
tion between maternal education and CVD among offspring
in early adulthood, whereas considering non-CVD deaths as
competing risk and censoring those participants at the date of
non-CVD deaths. We calculated unadjusted HR and further
adjusted HR after controlling maternal age, parity, maternal
cohabitation, maternal residence, maternal country of origin,
maternal history of diabetes, maternal or paternal history of
CVD before childbirth, singleton, child sex, and calendar
period. Follow-up started at 20 years of age. The evaluation of
log-log survival curves suggested no obvious violation of pro-
portional hazards assumption. We used robust standard errors
to account for the effects of shared family factors among sib-
lings. We performed subgroup analysis using the traditional
CVDs as an overall outcome, including ischemic heart disease,
myocardial infarction, cerebrovascular disease, stroke, ische-
mic stroke, heart failure, peripheral artery disease, and cardio-
vascular death. We included interaction between maternal
education and maternal CVD history to examine joint effect



Table 1. Baseline characteristics of mothers and offspring by maternal
educational level at childbirth*

Maternal educational level

Characteristic* Low Medium High

No. of births 416,479 (37.1) 476,325 (42.4) 230,796 (20.5)
CVD outcomes 24,688 (5.9) 19,178 (4.0) 8531 (3.7)
Sex of child

Male 213,040 (51.2) 243,755 (51.2) 118,375 (51.3)
Female 203,003 (48.7) 232,160 (48.7) 112,211 (48.6)
Unknown 436 (0.1) 410 (0.1) 210 (0.1)

Maternal age at
birth
< 20 35,120 (8.4) 4627 (1.0) 181 (0.1)
20-24 152,030 (36.5) 114,150 (24.0) 11,884 (5.1)
25-29 134,703 (32.3) 215,569 (45.3) 96,265 (41.7)
30-34 67,999 (16.3) 110,386 (23.2) 87,849 (38.1)
35+ 26,627 (6.4) 31,593 (6.6) 34,617 (15.0)

Parity
1 180,041 (43.2) 232,037 (48.7) 98,052 (42.5)
2 147,794 (35.5) 179,105 (37.6) 92,350 (40.0)
≥ 3 88,644 (21.3) 65,183 (13.7) 40,394 (17.5)

Huang et al. 1953
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of maternal education and maternal CVD history on CVD
risk in offspring.

We performed subgroup analyses stratified by each of base-
line characteristics, including maternal age at birth, parity,
maternal residence, maternal cohabitation, maternal country
of origin, maternal smoking, singleton, paternal history of
CVD and maternal history of diabetes, and sex of offspring.
By definition, the corresponding subanalyses adjusted the
other baseline characteristics except for the specific character-
istic as the stratified variable. We also performed subanalyses
stratified by year of birth in offspring, restricted to offspring
with term births, offspring with normal birth weights, analyses
with additional adjustment for maternal income, paternal
income, maternal hypertensive disorders of pregnancy, and
analyses excluding hypertensive disease from overall CVD.
We evaluated whether paternal education affected the
observed associations. Data analyses were performed using
SAS 9.4 (SAS Software, Cary, North Carolina) and Stata 15.1
(StataCorp, College Station, Texas).
Maternal residence
at birth
Copenhagen 33,930 (8.1) 38,773 (8.1) 25,391 (11.0)
Big cities (≥
100,000
inhabitants)

43,353 (10.4) 55,353 (11.6) 35,353 (15.3)

Others 339,196 (81.4) 382,199 (80.2) 170,052 (73.7)
Maternal
cohabitation at
Ethics approval

The study was approved by the Data Protection Agency
(Record No. 2013-41-2569). By Danish law, informed con-
sent is not required for register-based studies using anony-
mized data.
birth
Single 201,632 (48.4) 186,146 (39.1) 79,141 (34.3)
Cohabitation 214,847 (51.6) 290,179 (60.9) 151,655 (65.7)

Maternal country
of origin
Denmark 388,233 (93.2) 449,422 (94.4) 21,104 (94.9)
Non-Denmark 27,623 (6.6) 26,457 (5.6) 11,382 (4.9)
Unknown 623 (0.1) 446 (0.1) 310 (0.1)

Maternal smoking
during
pregnancyy

No 53,079 (49.6) 128,537 (68.7) 64,934 (78.8)
Yes 47,379 (44.3) 47,121 (25.2) 12,474 (15.1)
Unknown 6539 (6.1) 11,346 (6.1) 4981 (6.0)

Singleton birth
No 9003 (2.2) 11,559 (2.4) 6149 (2.7)
Yes 407,476 (97.8) 464,766 (97.6) 224,647 (97.3)

Maternal history of
CVD
No 410,387 (98.5) 469,422 (98.6) 227,109 (98.4)
Yes 6092 (1.5) 6903 (1.4) 3687 (1.6)

Paternal history of
CVD
No 406,694 (97.7) 466,396 (97.9) 225,819 (97.8)
Yes 6617 (1.6) 7983 (1.7) 3896 (1.7)
Unknown 3168 (0.8) 1946 (0.4) 1081 (0.5)

Maternal history of
diabetes
No 413,663 (99.3) 473,416 (99.4) 229,362 (99.4)
Yes 2816 (0.7) 2909 (0.6) 1434 (0.6)

CVD, cardiovascular disease.
*Expressed as frequency (percentage).
yMaternal smoking during pregnancy was available from 1991 to 1996.
Results
Among the 1,123,600 subjects, 37.1%, 42.4%, and

20.5% were born to mothers with low, medium, and high
education, respectively. Mothers with lower levels of educa-
tion were more likely to have younger age at childbearing and
higher parity. They were also more likely to live alone and to
smoke during pregnancy (Table 1).

During follow-up of up to 20 years, 52,397 (4.6%) inci-
dent CVD events were observed, including 24,688 (5.9%),
19,178 (4.0%), and 8531 (3.7%) among offspring of mothers
with low, medium, and high education, respectively. The
cumulative incidence of early-onset CVD was higher in off-
spring of mothers with low or medium educational level com-
pared with those who had high educational levels (Fig. 1). We
observed that HRs for incident CVD increased with decreas-
ing educational levels. Adjusting aforementioned covariates,
offspring of mothers with low or medium educational level
had 27% (HR, 1.27; 95% CI, 1.23-1.30) or 12% (HR, 1.12;
95% CI, 1.09-1.15) increased risk of developing CVD in
early adulthood, respectively, compared with offspring of
mothers with high educational levels (Table 2). Similar, but
stronger associations were observed for most CVD subtypes:
in particular, for myocardial infarction (a 2-fold risk), heart
failure, and ischemic stroke. When using traditional CVDs as
the outcome, we observed that offspring with low or medium
maternal education had a 53% or a 23% increased risk for
overall traditional CVDs (low [1.53; 1.42-1.65] or medium
education [1.23; 1.15-1.33]) and a 66% or a 11% increased
risk for cardiovascular death (low [1.66; 1.08-2.57] or
medium education [1.11; 0.71-1.74]) (Table 2).

We investigated joint effect of low maternal education and
maternal history of CVD. This analysis showed higher inci-
dence rate of early-onset CVD in offspring of mothers with
both low educational level and history of CVD (HR, 1.67;
95% CI, 1.51-1.86), compared with offspring of mothers
with only low educational levels (HR, 1.26; 95% CI, 1.23-
1.30) or only history of CVD (HR, 1.12; 95% CI, 0.93-1.46)
(Table 3).



Figure 1. Cumulative incidence of early-onset cardiovascular disease (CVD) among offspring between 20 and 40 years of age. P value for different
groups < 0.001.
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We observed similar patterns of associations between
maternal education and offspring CVD across most baseline
characteristics (Supplemental Table S2). Especially, we found
stronger associations among offspring whose mothers had
higher parity (≥ 3), lived in Copenhagen, or were of advanced
childbearing age. The findings from analyses stratified by birth
year were similar to those for the main analyses
(Supplemental Fig. S2). Additional adjustment for paternal
education attenuated the associations compared with the
main analyses (Supplemental Table S3). Analyses restricted to
offspring born at term and with a normal birth weight, addi-
tional adjustment for maternal income; paternal income;
maternal hypertensive disorders of pregnancy, excluding
hypertensive disease from overall CVD; complete case analy-
sis; and multiple imputation with 10 replicates yielded results
similar to the main analyses (Supplemeental Table S3).
Discussion
Compared with offspring born to mothers with high levels

of education, offspring born to mothers with low or medium
levels of education had 27% or 12% increased risk of any
CVDs in young adulthood (20 to 40 years), respectively. This
association was independent of calendar time, sex of the child,
maternal demographic factors, maternal history of diabetes or
CVD, and paternal history of CVD. We also observed similar
—and even stronger—associations for specific types of CVD.
In particular, a low level of maternal education was associated
with almost a 2-fold risk of myocardial infarction in young
adult offspring. Maternal comorbid CVD and low education
before childbirth had an additive effect on the development of
early-onset CVD in offspring.
Maternal education before childbirth has been associated
with a number of risk factors for CVD development in off-
spring.10-14 For example, low maternal education increased
the risk of adverse birth outcomes such as preterm birth, low
birth weight, and small for gestational age in a Danish study.10

In a US study, young adults born to mothers with low educa-
tional levels at delivery tended to have higher levels of glycated
hemoglobin, higher waist circumferences, and increased risks
of metabolic syndrome compared with their peers.11 How-
ever, to our knowledge, this is the first large population-based
study that investigated the direct association between maternal
education before childbirth and the risk of CVD in offspring
during young adulthood. Our findings of inverse associations
of low maternal education with CVD in offspring across base-
line characteristics also suggest that the observed association is
likely independent of maternal demographic factors and fam-
ily disease history.

We found that maternal educational inequalities also con-
tributed to increased risks of most specific types of CVD in
young adulthood. Previous studies have shown inverse associa-
tions between socioeconomic status in childhood and ischemic
heart disease and ischemic stroke in later adulthood.17,18 A
Scottish study found that mortality from myocardial infarction
was more than twice as high in socioeconomically deprived
groups in aged populations compared with the least deprived
group.19 These previous findings lend some support to our
study, in which we observed that offspring of mothers with
low education before childbirth had a doubled risk of myocar-
dial infarction in young adulthood. For the first time, we fur-
ther provided empirical evidence suggesting that ischemic
heart disease, heart failure, and ischemic stroke in offspring
may have prenatal origins stemming from disadvantaged



Table 2. Association between maternal educational level and early-onset of overall CVD and specific CVD types in offspring during early adulthood

Outcome
Education
level

Number of
CVD cases

Rate per 1000
person-years

Crude HR
(95% CI)

Adjusted HR
(95% CI)

Overall CVD Low 24,688 5.78 1.36 (1.32-1.39) 1.27 (1.23-1.30)
Medium 19,178 4.75 1.15 (1.12-1.18) 1.12 (1.09-1.15)
High 8531 4.16 1.0 1.0

Type-specific CVDs
Ischemic heart disease Low 1647 0.37 2.08 (1.85-2.33) 1.80 (1.59-2.03)

Medium 991 0.24 1.43 (1.26-1.61) 1.35 (1.20-1.53)
High 355 0.17 1.0 1.0

Myocardial infarction Low 400 0.09 2.48 (1.92-3.19) 2.03 (1.55-2.65)
Medium 227 0.05 1.64 (1.25-2.14) 1.52 (1.16-1.99)
High 71 0.03 1.0 1.0

Cerebrovascular disease Low 979 0.44 1.63 (1.48-1.79) 1.47 (1.33-1.62)
Medium 1327 0.32 1.21(1.09-1.33) 1.17 (1.06-1.30)
High 559 0.26 1.0 1.0

Stroke Low 1190 0.27 1.60 (1.42-1.81) 1.42 (1.25-1.62)
Medium 825 0.20 1.24 (1.09-1.41) 1.20 (1.05-1.36)
High 339 0.16 1.0 1.0

Ischemic stroke Low 817 0.18 1.68 (1.45-1.95) 1.50 (1.28-1.76)
Medium 573 0.14 1.33 (1.14-1.55) 1.29 (1.10-1.51)
High 220 0.10 1.0 1.0

Heart failure Low 370 0.08 1.85 (1.47-2.33) 1.59 (1.24-2.03)
Medium 281 0.07 1.59 (1.26-2.02) 1.51 (1.19-1.92)
High 90 0.04 1.0 1.0

Atrial fibrillation Low 824 0.18 1.14 (1.00-1.29) 1.12 (0.98-1.29)
Medium 712 0.17 1.10 (0.96-1.25) 1.10 (0.96-1.26)
High 330 0.15 1.0 1.0

Hypertensive heart disease or
hypertensive renal disease

Low 56 0.013 1.61 (0.92-2.81) 1.38 (0.76-2.52)
Medium 43 0.010 1.37 (0.77-2.43) 1.27 (0.71-2.27)
High 16 0.008 1.0 1.0

Deep vein thrombosis Low 1730 0.39 1.42 (1.29-1.57) 1.31 (1.19-1.46)
Medium 1304 0.31 1.18 (1.07-1.30) 1.15 (1.04-1.27)
High 562 0.26 1.0 1.0

Pulmonary embolism Low 830 0.18 1.39 (1.21-1.59) 1.28 (1.10-1.48)
Medium 629 0.15 1.16 (1.01-1.33) 1.09 (0.94-1.26)
High 276 0.13 1.0 1.0

Rheumatic heart disease Low 116 0.03 0.63 (0.48-0.84) 0.64 (0.47-0.87)
Medium 130 0.03 0.78 (0.59-1.02) 0.79 (0.60-1.05)
High 85 0.04 1.0 1.0

Peripheral artery disease Low 141 0.03 1.31 (0.95-1.82) 1.14 (0.80-1.62)
Medium 111 0.03 1.15 (0.82-1.61) 1.08 (0.77-1.52)
High 49 0.02 1.0 1.0

Traditional CVDs
Overall traditional CVD* Low 3847 0.87 1.73 (1.62-1.86) 1.53 (1.42-1.65)

Medium 2543 0.61 1.28 (1.19-1.38) 1.23 (1.15-1.33)
High 1013 0.48 1.0 1.0

Cardiovascular death Low 125 0.028 2.00 (1.34-3.00) 1.66 (1.08-2.57)
Medium 65 0.016 1.14 (0.74-1.77) 1.11 (0.71-1.74)
High 29 0.014 1.0 1.0

CI, confidence interval; CVD, cardiovascular disease; HR, hazard ratio.
*Including ischemic heart disease, myocardial infarction, cerebrovascular disease, stroke, ischemic stroke, heart failure, peripheral artery disease, and cardiovascu-

lar death.

Table 3. The joint effect of maternal education and maternal history of CVD on early-onset CVD in offspring

Maternal
educational level

Maternal history
of CVD

Number. of
CVD cases

Rate per 1000
person-years

Crude HR
(95% CI)

Adjusted HR
(95% CI)

Low Yes 370 7.12 1.76 (1.59-1.95) 1.67 (1.51-1.86)
Low No 24,318 5.76 1.35 (1.32-1.39) 1.26 (1.23-1.30)
Medium Yes 287 5.82 1.48 (1.32-1.67) 1.46 (1.29-1.64)
Medium No 18,891 4.73 1.15 (1.12-1.18) 1.12 (1.09-1.15)
High Yes 114 4.35 1.11 (0.93-1.34) 1.12 (0.93-1.46)
High No 8417 4.16 1.0 1.0
P value for interaction (maternal education £ CVD) 0.33 0.28

CI, confidence interval; CVD, cardiovascular disease; HR, hazard ratio.

Huang et al. 1955
Maternal Education and Offspring CVD



1956 Canadian Journal of Cardiology
Volume 37 2021
maternal socioeconomic status. Differences among types of
CVD in offspring may reflect different mechanisms underlying
their associations with maternal education,20 which requires
further investigation.

The negative influence of low maternal education before
childbirth may have a cumulative effect on the cardiovascular
health of offspring across different life stages.10,21,22 Offspring
of mothers with low educational attainment are more likely to
be exposed to adverse conditions in fetal life, such as malnutri-
tion or a high level of maternal psychological stress,9,23,24

resulting in adverse birth outcomes as well as permanent dam-
age in fetal growth, pathophysiological changes in metabolism,
and vasculature development.7 It has been shown that subopti-
mal fetal growth is associated with abnormal peripheral endo-
thelial function in adulthood, which may lead to an increased
risk of CVD later in life.25 Fetal exposure to high levels of glu-
cocorticoids caused by stress associated with low maternal
socioeconomic status may have adverse programming conse-
quences in offspring through activated fetal hypothalamic-
pituitary-adrenal (HPA) axis, leading to increased susceptibility
to various adult illnesses including CVD.26 In addition, off-
spring exposed to prenatal stress could have a heightened HPA
response to stress in adulthood and an increased allostatic load
over the long term.21,24 This would exert a negative impact on
the development of multiple organs, particularly in the cardio-
vascular system.22,24 Previous observations also found that pre-
natal exposure to low maternal education was associated with
early precursors of CVD such as obesity, arterial stiffness, and
higher systolic blood pressure.12-14

In addition, low maternal education could affect risk of
CVD in offspring through other factors such as offspring
unhealthy diet and health care utilization after child-
birth.13,27,28 Mothers may play a greater role than fathers in
offspring diet.21 Low maternal education may influence her
family’s eating habits, including the choice of less healthy
food and unbalanced dietary patterns, which are important
predictors of cardiovascular risks from childhood to
adulthood.9,29 In addition, maternal education would also
affect health literacy of both mothers and their offspring.
Low-educated mothers would show less awareness of the
importance of health and reduce the use of existing cardiac
preventive services, such as CVD screening and cardiovascular
advice, provided by physicians.27,28

Notably, we observed that offspring of mothers with both
low educational levels and histories of CVD had higher rates
of early-onset CVD than offspring of mothers with high edu-
cation. Previous studies have reported that maternal history of
CVD was associated with an increased risk of myocardial
infarction, stroke, and cardiovascular mortality in
offspring.30,31 Maternal cardiovascular function would affect
embryonic and fetal hemodynamics, thus affecting cardiovas-
cular structure and function in offspring.32 In addition,
maternal CVD can affect fetal gene-expression modifications,
which results in the vulnerability to chronic disease later in
life.30 Maternal education and history of CVD may jointly
influence the risk of CVD in offspring through intrauterine
environment.7,30 The added influence of maternal history of
CVD suggests an interactive role of genetic susceptibility and
shared environment, varying by maternal education.7,8,33 In
clinical practice, maternal history of CVD is an important
part of the assessment of cardiovascular patients.30 Our
findings are in line with previous studies that maternal history
of CVD may provide clinically relevant information in the
assessment of CVD risk. Special attention should be given to
the offspring whose mothers have low-education backgrounds
and histories of CVD.30

Pregnant women with low educational status should be
given additional attention in public health measures, includ-
ing pregnancy care and fetal monitoring.8,9 Although the
direct intervention on maternal education level is not intui-
tive, health literacy can be improved by enhancing education
and awareness of CVD knowledge in both socioeconomically
disadvantaged mothers and their offspring.27,28 Intervention
strategies could include cardiovascular health surveillance and
improving health behaviours in offspring.34
Study strengths and limitations

This study has several strengths. First, education is a stable
social measure for socioeconomic status and is not as vulnera-
ble to misclassification as occupation, income, or other social
factors that might change significantly over time.35 Of course,
it is difficult to distinguish the effects of education before
childbirth from that after childbirth as observed in some previ-
ous studies.10-14 However, our aim is to examine the potential
role of maternal education before pregnancy, and our findings
actually provide support for a fetal origin of CVD,7,8 which
probably involves multiple pathways in relation to low mater-
nal socioeconomic status, such as subsequent pathophysiologi-
cal changes starting from fetal life, adverse birth outcomes, as
well as subsequently established risk factors in early decades of
life.10,11,36,37 Second, prospectively collected data from Dan-
ish national registries minimized selection bias and recall
bias.38 It has been shown that the validity of CVD diagnosis
is high in the Danish National Patient Registry.39 Third, the
large sample size with a long follow-up period (up to 20 years)
permitted the examination of specific types of CVD. Finally,
we were also able to adjust for a wide range of potential con-
founding variables to reduce confounding bias.

Several limitations must also be noted. First, we lacked
data on several maternal and child lifestyle factors such as diet,
physical exercise, alcohol use, psychological stress, and use of
health services, which may closely correlate with maternal
education level and could be mediators or partly controlled by
some of the covariates that we have already adjusted. Ethnicity
could be an important confounder in the relationship between
socioeconomic factors and risk of CVD.40 However, it may
not be considered of a large impact in our study, as we
adjusted the maternal country of origin in the model: particu-
larly, more than 90% mothers were from Denmark. Second,
average maternal educational level may have trended upward
in recent decades and affected the association with CVD in
offspring. However, our analysis was stratified by birth year,
and we found similar patterns of associations in different cal-
endar periods. Third, the follow-up was not long enough for
those born in the late 1990s, the population was followed
between the age of 20 and 40, and the median age of the
included offspring when the CVDs occurred was 27.32 (inter-
quartile range: 23.62-31.46) years. The incidence rate of
CVD in young adults was relatively low; however, our study
primarily aimed to examine the early-onset CVD in young
adulthood. Of course, further follow-up will also be important
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to examine whether such trends would continue into late
adulthood when the data become available in the future in
national registers. Finally, Denmark provides free health care
to all citizens and has an advanced welfare system; thus, our
research may only be generalizable to countries with similar
welfare status to Denmark where socioeconomic inequalities
may have less impact on health.41,42 It could be expected that
the association between maternal education and CVD may be
stronger in many other parts of the world, and further research
is needed to replicate our findings.43
Conclusions
Our findings suggest that maternal education before child-

birth might play a significant role in the development of CVD
in offsprings in general and most type-specific CVDs mani-
fested in early adulthood, for which maternal history of CVD
could have an additive effect. The influence of maternal edu-
cation on CVD in future offspring should be taken into con-
sideration in the assessment of risks of CVD from the early
decades of life.
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