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Objective: The aim of the study is to examine associations between paternal age at child-

birth and offspring cardiovascular risk factors in adolescence.

Study design: This is a cross-sectional study.

Methods: Data from the 2007e2016 Korea National Health and Nutrition Examination Sur-

vey was used. A total of 4,096 adolescents were included in the final analysis, and their

information on blood pressure, fasting glucose level, and lipid profile was collected. Mul-

tiple linear regression models were applied to evaluate the effect of paternal age on car-

diovascular risk factors with adjustment for potential confounders.

Results: The median age of participants was 13 years, and 53.2% were male. Maternal and

paternal ages were closely correlated with each other, and older parents had older

offspring. Paternal age was positively associated with levels of total cholesterol (p ¼ 0.033)

and triglycerides (p ¼ 0.042) after adjusting for confounders.

Conclusion: This nationwide study shows that advanced paternal age is associated with a

less favorable lipid profile in a dose-dependent manner.

© 2019 The Royal Society for Public Health. Published by Elsevier Ltd. All rights reserved.
Introduction

Among non-communicable diseases, cardiovascular (CV)

disease is now the leading cause of mortality, but CV

diseaseerelated deaths are the most amenable to rapid

change. Evidence that CV risk factors in childhood predict

future CV risk is now irrefutable. Atherosclerosis begins in

childhood and is associated with an unhealthy diet, genetic

variations, and the presence of risk factors such as cigarette

smoking, obesity, hypertension, diabetes mellitus, and
ily Medicine, Gil Medical
. Tel.: þ82324603354.
. Hwang).

ic Health. Published by E
dyslipidemia.1 Emerging evidence from experimental2 and

epidemiologic3 studies suggests that an impoverished prena-

tal environment due to advanced parental age can impact

offspring health in later life beyond fetal growth restriction or

prematurity.

There has been an increasing trend toward delayed

parenthood, which shows no signs of abating. Although the

influence of maternal age is more recognized than that of

paternal age, postponed fatherhood also has potential con-

sequences for offspring perinatal and childhood health.3 Most
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studies of offspring health after delayed parenthood focus on

the risk of obesity and provide inconclusive results. Much less

attention has been paid to the relationship between delayed

parenthood and other CV risk factors, especially those inde-

pendent of obesity.

Evidence of the impact of paternal age at birth on

offspring CV risk factors in childhood or adolescence is

limited and conflicting. A large UK study reports no associ-

ation between blood pressure at 15 years of age and

maternal or paternal age,4 whereas Savage et al. report that

advanced paternal age at birth is associated with a less

favorable lipid profile.5 Here, we examined associations

between paternal age at childbirth and offspring CV risk

factors in adolescence.
Table 1 e Cardiovascular risk factors in adolescence
associated with paternal age at birth.

Paternal age (per 1 year)

Variables b 95% confidence
interval

pa

Systolic blood pressure, mmHg 0.09 �0.02e0.20 0.121

Diastolic blood pressure, mmHg 0.04 �0.06e0.15 0.428

Fasting glucose, mg/dl �0.06 �0.14e0.03 0.198

Total cholesterol, mg/dl 0.38 0.03e0.72 0.033

Triglyceride, mg/dl 0.68 0.03e1.34 0.042

BMI, body mass index.
a From the multiple regression model with adjustment for age

(continuous), sex, BMI (continuous), maternal BMI (continuous)

and age (continuous), and household income.
Methods

We used nationwide data from the 2007e2016 Korea National

Health and Nutrition Examination Survey (KNHANES), which

is sampled based on stratified, multistage clusteringmethods.

We identified 16,589 individuals with available data on both

paternal and maternal age. Of these, we excluded 6057 in-

dividuals who were aged �19 years or who were �12 years

younger than a parent and 6362 individuals who were aged�9

years, as they had no health examination data. We also

excluded 74 individuals with a parent who had experienced a

major vascular event, such as myocardial infarction, angina,

or stroke. Therefore, a total of 4096 participants were included

in the final analysis. All participants provided written

informed consent to participate in the KNHANES. The

KNHANES study followed the guidelines put forth in the

Declaration of Helsinki. The present study protocol was

approved by the Institutional Review Board of Gachon Uni-

versity Gil Medical Center (GFIRB 2019-042).

Our outcomes of interest were CV risk factors in adoles-

cence including blood pressure, serum fasting glucose, total

cholesterol, and triglycerides. For each CV risk factor, mul-

tiple linear regression models were applied to evaluate the

effect of paternal age, with adjustment for potential con-

founders such as age, sex, body mass index (BMI), current

household income, and maternal BMI and age. Household

income was considered an indicator of socio-economic sta-

tus. We included the current maternal BMI as a covariate to

partly reflect the uterine environment at the time of preg-

nancy. As our participants were in a growth spurt period,

older offspring were larger than younger offspring. Thus, we

did not consider the BMI as a dependent variable but rather

treated it as a confounder.

Studies examining the effect of paternal age must account

for the influence of maternal age.3 Pearson's correlation

analysis was conducted to examine the correlation between

paternal age and maternal age. Sensitivity analysis was also

conducted to evaluate a potential confounding effect of

maternal age. Maternal age was entered into the regression

model as follows: in 1-year groups (main), in 2-year groups,

and modeled using restricted cubic splines with knots at 25,

27, 29, 32, and 36 years. All analyses were performed using

STATA SE 9.2 (Stata Corp., College Station, TX). All statistical
tests were two-sided, and statistical significance was defined

as a P < 0.05.
Results

The median age of participants was 13 years (interquartile

range, 11e14 years), and 53.2%weremen. Themedian parental

age at birth was 29 years (range, 22e44 years) for mothers and

32 years (range, 23e57 years) for fathers.Maternal and paternal

ages were closely correlated with each other (Pearson's corre-

lation coefficient, 0.73; P < 0.001), and older parents had older

offspring. The median values (interquartile ranges) of CV risk

factors were as follows: systolic blood pressure, 105 mmHg

(99e112 mmHg); diastolic blood pressure, 65 mmHg

(60e70 mmHg); fasting glucose, 90 mg/dl (86e94 mg/dl); total

cholesterol, 157 mg/dl (141e174 mg/dl); and triglycerides,

73 mg/dl (53e101 mg/dl). Table 1 shows some CV risk factors

associated with paternal age at birth. Paternal age was posi-

tively associated with levels of total cholesterol (P ¼ 0.033) and

triglycerides (P ¼ 0.042) after adjusting for age, sex, BMI,

maternal BMI and age, and household income. Other ap-

proaches to adjustment for maternal age did not affect the

estimates significantly: P-values were 0.022 for total choles-

terol and 0.038 for triglycerides in 2-year groups; and 0.041 for

total cholesterol and 0.063 for triglyceride in the model using

restricted cubic splines.
Discussion

This nationwide study shows that advanced paternal age is

associated with a less favorable lipid profile in a dose-

dependent manner. Adolescent lipid profiles remain

consistent or worsen in adulthood,6 and thus, our finding

suggests that offspring with older fathers at birth could be at

a higher CV disease risk in adulthood. However, given that

our test barely reached significance, the interpretation

should be careful. In addition, clinical relevance is different

from statistical significance, and it remains to be further

elucidated.
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Advanced paternal age at conception, which is associated

with greater total exposure to environmental toxins, is linked

to the accumulation of de novo mutations and/or aberrant

epigenetic modifications in germ cells.7 Rates of genetic mu-

tation in germ cells are expected to increase with age in fa-

thers but not in mothers.8 Non-biological factors including

diet and/or physical activity might also underlie the associa-

tion between paternal age and offspring CV risk factors. For

example, compared with women, men have an earlier decline

in physical activity by age at midlife,9 which could impact on

their offspring's physical activity.10

This study has the inherent limitations of all observational

studies, and critical covariates such as diet and physical ac-

tivity of both parents and offspring were also not assessed. In

addition, our analysis lacked extensive information on ob-

stetric and maternal characteristics at the time of pregnancy,

including birth weight, birth order, breastfeeding, and the

presence of complications such as pre-eclampsia or gesta-

tional diabetes, which might influence offspring outcomes.

Nonetheless, the validity of our finding is increased by our

large sample size, sample representativeness, and reliability

of metabolic measures.

In conclusion, paternal age at birth is associated with

increased serum lipid levels in Korean adolescents. Prospec-

tive studies are warranted to investigate possible triggers and

underlying mechanisms. Further scrutiny is also required to

determine whether our finding is replicable and whether

paternal age remains an important CV risk factor when

offspring reach adulthood.
Author statements

Ethical approval

The present study was approved by the Institutional Review

Board of Gachon University Gil Medical Center (GFIRB 2019-

042).

Funding

None declared.
Competing interests

None declared.
r e f e r e n c e s

1. Celermajer DS, Ayer JG. Childhood risk factors for adult
cardiovascular disease and primary prevention in childhood.
Heart 2006;92:1701e6.

2. Cooke CM, Shah A, Kirschenman RD, Quon AL, Morton JS,
Care AS, et al. Increased susceptibility to cardiovascular
disease in offspring born from dams of advanced maternal
age. J Physiol 2018;596:5807e21.

3. Nybo Andersen AM, Urhoj SK. Is advanced paternal age a
health risk for the offspring? Fertil Steril 2017;107:312e8.

4. Leary SD, Brion MJ, Lawlor DA, Smith GD, Ness AR. Lack of
emergence of associations between selected maternal
exposures and offspring blood pressure at age 15 years. J
Epidemiol Community Health 2013;67:320e6.

5. Savage T, Derraik JG, Miles HL, Mouat F, Hofman PL,
Cutfield WS. Increasing paternal age at childbirth is
associated with taller stature and less favourable lipid profiles
in their children. Clin Endocrinol (Oxf). 2014;80:253e60.

6. Nicklas TA, von Duvillard SP, Berenson GS. Tracking of serum
lipids and lipoproteins from childhood to dyslipidemia in
adults: the Bogalusa Heart Study. Int J Sports Med
2002;23(Suppl 1):S39e43.

7. Sharma R, Agarwal A, Rohra VK, Assidi M, Abu-Elmagd M,
Turki RF. Effects of increased paternal age on sperm quality,
reproductive outcome and associated epigenetic risks to
offspring. Reprod Biol Endocrinol 2015;13:35.

8. Kong A, Frigge ML, Masson G, Besenbacher S, Sulem P,
Magnusson G, et al. Rate of de novo mutations and the
importance of father's age to disease risk. Nature
2012;488:471e5.

9. Varma VR, Dey D, Leroux A, Di J, Urbanek J, Xiao L, et al. Re-
evaluating the effect of age on physical activity over the
lifespan. Prev Med 2017;101:102e8.

10. Kaseva K, Hintsa T, Lipsanen J, Pulkki-Raback L, Hintsanen M,
Yang X, et al. Parental physical activity associates with
offspring's physical activity until middle age: a 30-year study.
J Phys Act Health 2017;14:520e31.

http://refhub.elsevier.com/S0033-3506(19)30208-2/sref1
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref1
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref1
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref1
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref2
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref2
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref2
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref2
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref2
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref3
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref3
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref3
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref4
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref4
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref4
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref4
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref4
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref5
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref5
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref5
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref5
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref5
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref6
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref6
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref6
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref6
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref6
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref7
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref7
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref7
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref7
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref8
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref8
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref8
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref8
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref8
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref9
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref9
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref9
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref9
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref10
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref10
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref10
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref10
http://refhub.elsevier.com/S0033-3506(19)30208-2/sref10
https://doi.org/10.1016/j.puhe.2019.06.012
https://doi.org/10.1016/j.puhe.2019.06.012

	Paternal age at birth and metabolic risk factors in adolescents: a nationwide survey
	Introduction
	Methods
	Results
	Discussion
	Author statements
	Ethical approval
	Funding
	Competing interests
	References


