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Social, demographic and health
characteristics of men fathering
children at different ages

Nina Kornerup®?*, Anne-Marie Nybo Andersen®?, Per Kragh Andersen?,
Josephine Funck Bilsteen! & Stine Kjaer Urhoj*

The aim of this study was to examine associations between selected sociodemographic,
socioeconomic, and health characteristics and the rates of fatherhood in different age groups. We
investigated rates between 2011 and 2015 in a population-based register study including all men born
from 1945 to 1995 residing in Denmark in 2011. The study population consisted of 1,867,108 men who
fathered 268,612 children during the follow-up. The associations were quantified as incidence rate
ratios using Poisson regression. Young men had higher rates of fathering a child if they lived outside
the Capital Region, had a relatively high income, were previously diagnosed with cardiovascular
disease, psychoactive substance abuse, personality disorders, schizophrenia or behavioural and
emotional disorders. Men of advanced age had higher rates of fathering a child when born outside
Denmark, living in the Capital Region, were in the lower or upper 10th percentile income group, were
self-employed or unemployed or previously diagnosed with depression. Men of advanced age had
lower rates of fathering a child if previously diagnosed with somatic diseases, psychoactive substance
abuse or mental retardation. The findings highlight the importance of consideration of various
sociodemographic, socioeconomic, and health characteristics when studying associations between
paternal age and offspring health.

Maternal age and various socioeconomic and health characteristics are associated with adverse short- and long-
term outcomes in their offspring"%. Some studies have assessed the relationship between paternal age at concep-
tion and adverse outcomes in the offspring, but studies which investigated paternal socioeconomic and health
characteristics and adverse short and long-term child outcomes are limited’.

Studies investigating maternal age at conception and adverse health outcomes in offspring find a U-shaped
association between maternal age and various adverse outcomes in offspring, e.g. infants born to very young
women and women at advanced age have greater risks for stillbirth, preterm birth, neonatal death, congenital
anomalies, and low birth weight®*.

Though fewer studies have been conducted, the same U-shaped association has been found when investigating
paternal age and various adverse health outcomes in offspring*®. This is particularly evident for mental illnesses
in the child such as autism, autism spectrum disorders and schizophrenia, but is also found for stillbirth, congeni-
tal anomalies and orofacial clefts specifically’”-". To interpret and substantiate findings from such studies, it is
of great importance to characterize men and women becoming parents at different ages as it has been speculated
whether the U-shaped associations are partly due to (residual) confounding or selection forces whereby men
with e.g. a certain genetic vulnerability reproduce earlier or later in life!*?*2!,

Several studies characterizing women becoming mothers at different ages have been conducted*?, but stud-
ies exploring such paternal age-related characteristics are lacking®®?’. Thus, important knowledge concerning
factors potentially confounding the associations or factors related to potential selection mechanisms might not be
taken into consideration when examining findings of paternal age-related adverse health effects in the offspring.

With this study, we describe the distribution of various characteristics of fathers across all ages in order to
contribute to the interpretation of results from studies investigating the association between paternal age and
offspring health and to emphasize the importance of careful consideration of these characteristics in future stud-
ies. We selected various sociodemographic, socioeconomic, and health characteristics relevant to this discussion.

Faculty of Health and Medical Sciences, Section of Epidemiology, University of Copenhagen, @ster Farimagsgade
5A, Box 2099, 1014 Copenhagen K, Denmark. 2Department of Gynecology and Obstetrics, Holbak Hospital,
Smedelundsgade 60, 4300 Holbaek, Denmark. 3Faculty of Health and Medical Sciences, Section of Biostatistics,
University of Copenhagen, @ster Farimagsgade 5 opg. B, P.O. Box 2099, 1014 Copenhagen K, Denmark. “email:
Ninakornerup@gmail.com

Scientific Reports |

(2021) 11:21021 | https://doi.org/10.1038/s41598-021-00482-5 nature portfolio


http://orcid.org/0000-0002-4296-8488
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-021-00482-5&domain=pdf

www.nature.com/scientificreports/

The sociodemographic and socioeconomic characteristics were chosen to provide a general view of men who
have children at different ages. The somatic and mental health characteristics were either selected based on stud-
ies showing a paternal age-related risk for these conditions in offspring, e.g. tumours, congenital anomalies and
schizophrenia or to explore how rough proxies for lifestyle diseases are associated with the rate of fatherhood at
different ages, e.g. endocrinological and cardiovascular diseases.

Many of the selected characteristics vary naturally between younger and older men. To avoid comparing these
groups of men directly, we examined how the selected characteristics were associated with the rate of fatherhood
within different age groups.

Thus, the aim of this study was to make a broad characterization of men fathering children at different ages
by examining the association between selected sociodemographic, socioeconomic, and health characteristics
and the rate of fatherhood in different age groups.

Materials and methods
Study population. This study was performed as a population-based register study including all men born
from January 1, 1945 to December 31, 1995 and who were residing in Denmark on January 1, 2011. We inves-
tigated the rate of fathering a child in the period from January 1, 2011 to December 31, 2015, a total of five
years. We included all men on January 1, 2011, regardless of parity, and followed them until December 31, 2015,
regardless of whether they fathered a child or not (or whether they would father a child after December 31,
2015). In total, 1,867,108 men constituted the study population and 218,959 of these fathered 268,612 children
during the five-year follow-up period.

The study population was divided into nine age groups according to their age on January 1, 2011: 15-19 years,
20-24 years, 25-29 years, 30-34 years, 35-39 years, 40-44 years, 45-49 years, 50-54 years, and 55-65 years.

Data. Data were obtained from several Danish health and administrative registers. Since 1968, anyone liv-
ing in Denmark is given a unique personal registration number, the so-called CPR (Central Personal Regis-
ter) number®®. This number is used to identify individuals in all official registers. Statistics Denmark extracted
information from the various registers using the CPR number, pseudo-anonymised the CPR numbers to PNR
(personal number) numbers and stored the data on a secure server for analysis. With the PNR, it was possible to
link information about individuals from different registers.

We used data from registers held by the Danish Health Data Authority and Statistics Denmark, including
the Civil Registration System, the Employment Classification Module, the Medical Birth Registry, the Danish
National Patient Register (DNPR) and the Danish Psychiatric Central Research Register?>-**. The processing and
linkage of data were approved by the Danish Data Protection Agency (UCHP reference number: 514-0230/18-
3000). Ethical approval or informed consent was not required for register-based studies according to Danish
legislation.

Information about country of birth, region of residency, educational level, employment status, and income was
obtained from the Civil Registration System, the Population Education Register, the Employment Classification
Module, and the Income Statistics Register in Statistics Denmark®>-%’.

Place of birth was categorised as Denmark and other than Denmark. Region of residency (on January 1, 2011)
was defined as one of the five administrative regions of Denmark: the Capital region, Other Zealand, Southern
Denmark, Central Jutland, and Northern Jutland. The highest educational level attained (as of January 1, 2011)
was categorised according to the Danish International Standard Classification of Education 15, D-ISCED-15, and
was divided into primary and lower secondary school (ISCED 1 and 2, approximately 9-10 years of education),
upper secondary school (ISCED 3, approximately 1213 years of education), bachelor’s or equivalent (ISCED 5
and 6, approximately 15-16 years of education), and master’s and doctoral level (ISCED 7 and 8, often at least
17-18 years of education)®. Employment status was defined using the primary source of income in 2010 and
categorised as employed, self-employed, student, retired (including disability pension), unemployed (persons
registered as job-ready who received unemployment benefits or cash benefits more than half of the year in 2010),
or unattached to the labour market (persons not registered as job-ready with no or a very low income from
work, and no or very low income from unemployment benefits and cash benefits, and who are not in training/
education). The individual’s disposable income in the period from January 1, 2010 to December 31, 2010 was
divided into percentiles: lower 10th percentile, 10-25th percentile, 25-75th percentile, 75-90th percentile, and
upper 90th percentile.

Information about medical history was obtained from the DNPR, which has registered all diagnoses given
at hospitals since 1977. The International Classification of Diseases 8th Revision (ICD-8) and 10th Revision
(ICD-10) were used for diagnoses. In Denmark, the ICD-8 was used from 1969 to 1993, and the ICD-10 from
1994 onwards. Men were classified as having a mental illness or a somatic disease if they had been admitted as an
inpatient or had been in outpatient care before January 1, 2011. We included somatic and mental illnesses where
a paternal age-related increased risk had previously been suggested® or as rough proxies for lifestyle diseases.
The following somatic diseases were included: malignant and benign tumours, cardiovascular diseases, endo-
crine diseases and congenital anomalies. The following mental illnesses were included: mental and behavioural
disorders due to psychoactive substance uses (from here denoted psychoactive substance abuse), schizophrenia
and related disorders, depression, bipolar disorders, personality disorders, mental retardation, pervasive develop-
mental disorders, and behavioural and emotional disorders. The diseases can be seen in Supplementary Table I,
together with the corresponding ICD-10 and ICD-8 codes for the included diagnoses.

Statistical analyses. We investigated characteristics of men fathering a child at different ages. Older men
will differ from younger men simply because they are older. As we were not interested in this difference, we
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investigated how selected sociodemographic, socioeconomic and health characteristics were associated with the
rate of fatherhood in the predefined age groups, estimating incidence rate ratios (IRRs) using Poisson regression.
Crude IRRs were estimated in each of the nine age groups according to the men’s age on January 1, 2011 and pre-
sented graphically. For all sociodemographic characteristics, the reference group is all men in that age group who
are in a specific stratum of the variable, e.g., all men in regular employment. For mental illnesses and somatic
diseases, the reference group is all men in that age group who had not received the specific diagnosis. The IRRs
were not adjusted for other factors, as the analysis performed is a description of the relationship between the
selected characteristics and fatherhood in different age groups—and not an attempt to establish any causal rela-
tionships. To evaluate if the IRRs for fatherhood relating to different characteristics differed between the various
age groups, we performed a Wald test of interaction between age group and the specific characteristic.

The men in the study population entered the study on January 1, 2011 and were followed until death, emigra-
tion, or December 31, 2015, whichever came first. If a man fathered a child several times during the follow-up
period, all births were counted in the rate.

All statistical analyses was carried out using STATA (StataCorp. 2017. Stata Statistical Software: Release 15.
College Station, TX: StataCorp LLC).

Results

Table 1 shows the distribution of selected sociodemographic, socioeconomic, and health characteristics within
each age group of Danish men aged 15-65 years on January 1, 2011. More than 75% of the children were born
to fathers 25-39 years of age.

Figure 1 shows the incidence rates (IRs) of fathering a child in each age group for the entire study period. The
highest rates of fathering a child were seen in the age groups 25-29 years and 30-34 years and the lowest rates
of fathering a child were seen in the age groups 15-19 years and 40-65 years.

Figures 2, 3, 4, 5, 6, 7 and 8 show the IRRs of fathering a child in each age group according to a specific soci-
odemographic characteristic, somatic disease or mental illness compared with the reference group. The IRRs
and the corresponding confidence intervals can be seen in the Supplementary Table II.

Socioeconomic characteristics. Men born in countries outside Denmark had the highest rates of father-
ing a child in the youngest- and oldest age groups compared with men born in Denmark (Fig. 2); from age
35 years, the IRRs were higher with higher age, reaching a sevenfold higher rate (IRR=6.97, 95% CI 5.75-8.43)
of fathering a child in the oldest age group.

Compared with men living in the Capital Region, men in all other regions had higher rates of fathering a
child at young ages (15-29 years) and lower rates for fathering a child at older ages (35 + years) (Fig. 3A-D).

In general, compared with men with a bachelor’s degree or equivalent, men in all age groups had a lower rate
of fathering a child if their educational level was primary/lower secondary school or upper secondary school
(Fig. 4A,B). Men with a master’s or doctoral level education had a higher rate of fathering a child from age
25 years and older; at age 55-65 years, the rate was almost doubled (IRR=1.97, 95% CI 1.49-2.61) (Fig. 4C).

Men at an advanced age (=35 years) that were self-employed had higher rates of fathering a child compared
with men in regular employment; the highest IRR was seen for men aged 55-65 years (IRR =1.81, 95% CI
1.39-2.34) (Fig. 5A). For men who were unemployed or unattached to the labour market, lower rates of fathering
a child at a younger age (< 39 years) and higher rates of fathering a child at an older age (=40 years) were seen
(Fig. 5C,E). Retired men had, in general, lower rates of fathering a child (Fig. 5D). Students had lower rates of
fathering a child at a young age (< 34 years) and higher rates of fathering a child at an advanced age (> 35 years)
(Fig. 5B). Wide confidence intervals were seen for students of advanced age, because there are few students and
very few men fathered a child in these age groups.

Compared to men with a yearly disposable income corresponding to the 25-75th percentile, men with a
lower income had lower rates of fathering a child at a young age (15-34 years) and higher rates of fathering a
child at older ages (40 + years) (Fig. 6A,B). In general, men with a higher income had higher rates of fathering
a child at all ages (Fig. 6C,D).

Health characteristics. Somatic diseases. For men previously diagnosed with a somatic disease, the rate
of fathering a child was, in general, lower than or similar to the rate for men who had not previously been diag-
nosed with the diagnosis in question (Fig. 7A-D). This was, however, not the case for young men (15-24 years)
who were previously diagnosed with a cardiovascular disease; these men had a slightly higher rate of fathering a
child compared with men who had not received a diagnosis for a cardiovascular disease (Fig. 7B).

Mental illnesses. Men previously diagnosed with a psychoactive substance abuse had higher rates of fathering
a child at young ages compared with men who were not previously diagnosed with a psychoactive substance
abuse (15-19 years IRR=2.77, 95% CI 2.48-3.09; 20-24 years IRR =1.20, 95% CI 1.18-1.29). Among men above
24 years, rates of fathering a child were lower in all age groups (Fig. 8A).

Concerning schizophrenia and other related disorders, men who had received such diagnoses had a higher
rate of fathering a child at age 15-19 years (IRR=1.66, 95% CI 1.27-2.15) and a similar rate at age 45-49 years
compared with men without such diagnoses. In all other age groups, lower rates of fathering a child were seen.
Among the oldest fathers (=50 years), the IRRs were estimated with a large uncertainty, as few men diagnosed
with schizophrenia and related disorders fathered a child in these age groups (Fig. 8B).

Men previously diagnosed with depression had lower rates of fathering a child at the age 20-44 years com-
pared with men who had not earlier been diagnosed with depression. For men <19 years and > 45 years, the
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Age groups (years) 15-19 20-24 25-29 30-34 35-39 40-44 45-49 50-54 | 55-65
Number of births 6148 35,805 79,702 82,206 44,094 14,624 4409 1131 493
:gff;lallpperson yearsinthe | go7 0000 | 813,5043 | 7415184 | 8307223 | 9557628 | 1,002,162 | 1,018,531 | 903,882 | 1,896,910
Total number of men 182,811 | 172,011 | 156,519 | 171,725 | 195450 |204,182 |207,489 | 184,743 | 392,178
Place of birth (%)

Denmark 89.4 83.8 81.0 85.0 88.3 88.6 89.7 91 939
Other than Denmark 10.6 16.2 19.0 15.0 11.7 11.4 10.4 9 6.1

Region of residents (%)

Capital Region 26.2 31.3 353 343 322 30.0 29.1 27.6 26.1
Other Zealand 15.6 11.7 10.5 12.2 14.4 15.6 15.6 15.8 16.7
Southern Denmark 234 20.5 19.6 20.2 20.7 21.8 222 22.8 229
Central Jutland 23.8 255 24.2 233 23.0 22.6 224 22.8 23.0
Northern Jutland 11.1 11.0 10.4 10.0 9.8 10.1 10.7 11 11.3

Educational level (%)

Primary and lower

secondary 99.9 50.2 24.6 19.5 19.5 21.7 233 255 25.0
Upper secondary 0.1 47.8 52.6 47.4 47.0 48.5 50.1 48.3 49.2
Bachelor’s degree 0.0 2.0 17.5 20.2 20.8 19.6 17.7 17.4 17.4
ll\fj:lter’s degree/doctoral | 0.1 5.3 12.8 127 103 8.9 8.9 8.4

Employment (%)

Employed 9.2 46.6 63.3 75.5 77.5 76.1 74.4 72.7 55.6
Self-employed 0.1 1.2 32 5.1 6.6 7.6 8.1 8.2 8.0

Student 83.5 344 15.7 33 1.0 0.4 0.2 0.1 0.0

Unemployed 1.1 5.6 9.1 9.2 8.2 8.1 7.9 7.5 5.0

Retired 0.3 1.4 2.1 2.7 3.6 5.1 6.9 9.3 28.8
g‘;ﬁ:fhed to the labour | 5 g 10.9 67 43 3.1 28 25 23 2.6

Disposable income (percentiles)*

Lower 10th - 153° 11,309 9849 8755 16,852 2858 - 8831° 10,028 26,482
10-25th 2355 50,888 79,869 123,832 145,075 149,903 151,239 152,853 | 143,793
25-75th 21,925 99,982 162,703 212,242 235,732 243,569 245,090 244,465 | 226,124
75-90th 58,148 167,453 237,903 292,145 333,890 356,689 363,021 362,075 | 343,766
Upper 90th 111,279 233,455 322,297 434,158 574,505 675,938 734,322 719,476 | 689,028
Somatic diseases (%)°
Malignant and benign | 5 ¢ 39 45 54 64 78 94 114|169
Cardiovascular diseases | 2.0 3.1 4.1 6.0 8.2 11.6 15.8 21.6 33.2
Endocrine diseases 4.7 4.7 4.6 4.0 4.2 5.3 7.1 9.9 15.2
Congenital anomalies 12.2 11.6 11.2 8.7 7.0 5.3 3.9 3.1 2.7
Mental illnesses (%)¢
Zﬁ’l’f:el"am"e substance | , | 5.4 6.9 6.9 6.1 62 6.6 7.1 6.7
fﬁgfggr}fema and related |, ¢ 13 17 1.8 1.8 17 17 1.6 12
Depression 1.0 1.7 2.1 2.4 2.5 2.7 2.8 2.9 2.8
Bipolar disorders 0.0 0.1 0.2 0.3 0.3 0.3 0.4 0.5 0.5
Personality disorders 0.2 0.9 1.5 1.8 1.7 15 1.5 1.2 0.8
Mental retardation 1.2 1.1 0.8 0.6 0.5 0.4 0.4 0.4 0.3
Hervasive developmental | , | 11 0.5 0.2 0.1 0.1 0.1 0.1 0.0
Behavioural and emo- | ¢ o 5.2 3.6 25 2.0 1.8 17 15 11

tional disorders

Table 1. Sociodemographic and health characteristics according to the age of the man at January 1st 2011.
Results are according to conditions that prevailed in 2010 for all men aged 15-65 years living in Denmark January
1, 2011 divided into age groups. Numbers are shown as percentage distribution unless described otherwise.
*Disposable income is shown as the average disposable income (rounded) for the year 2010 for each age group
divided into percentiles: lower 10th percentile, 10-25th percentile, 25-75th percentile, 75-90th percentile,

and upper 90th percentile. Disposable income is income after taxes, interests, and rental value of own home.
Disposable income can be negative, e.g. due to negative interests. “Percentage distribution of somatic diseases
diagnosed before January 1, 2011. YPercentage distribution of mental illnesses diagnosed before January 1, 2011.
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Figure 1. Incidence rates (IR) of fathering a child according to age' in each age group for the entire study

period. Men aged 15-65 years living in Denmark January 1, 2011 to December 31, 2015. !Age according to the
man’s age by January 1, 2011 divided into age groups.
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Figure 2. Incidence rate ratios (IRR) of fathering a child according to place of birth! and age®. Men aged
15-65 years living in Denmark January 1, 2011 to December 31, 2015. 'Place of birth was categorised as:
Denmark or other than Denmark. 2Age groups according to the man’s age by January 1, 2011.

rates were higher. The incidence rate was 62% higher (IRR=1.62, 95% CI 1.05-2.51) for men aged 55-65 years
(Fig. 8C).

Higher rates of fathering a child at age 15-19 years were seen for men previously diagnosed with personality
disorders (Fig. 8E) or behavioural and emotional disorders (Fig. 8H) compared with men who had not previ-
ously received the diagnoses in question (IRR=2.31, 95% CI 1.62-3.29 and IRR=1.73, 95% CI 1.60-1.88). For
men aged 25-44 years, the rates were lower, and, for men aged >45 years, the rates were similar to the rates seen
in men who were not previously diagnosed with a personality disorder or behavioural and emotional disorders.

Men previously diagnosed with bipolar disorder (Fig. 8D), mental retardation (Fig. 8F), or pervasive devel-
opmental disorders (Fig. 8G) had lower rates of fathering a child in all age groups compared with men who had
not earlier received the diagnosis in question (Fig. 8D,E,G). Very few men with these diagnoses fathered a child
when above the age of 40 years (for pervasive developmental disorders none in the age group 40-65 years and for
mental retardation none in the age group 55-65 years) and, therefore, the IRRs in these age groups were either
not estimated or estimated with great uncertainty.

Discussion

This study showed that the rate of fathering a child was highest for men aged 25-34 years and that the rate at dif-
ferent ages varied according to sociodemographic- and socioeconomic factors and health characteristics among
men living in Denmark in 2011-2015.

Men in this age group, 25-34 years, had higher rates of fathering a child if they had a bachelor or higher edu-
cational level and if they were working or studying and had an income within the 25-75th percentile or higher.
Concerning mental health, for all diagnosis included, the rates of fathering a child in this age group were lower
if previously diagnosed with a mental illness, than if not previously diagnosed with a mental illness.

Since our study is a descriptive study, the results cannot explain mechanisms behind the differences in the
rates of fathering a child. It is, however, worth highlighting that men diagnosed with a mental illness in general
have a lower rate of fathering a child in the ages where most men become fathers. We can only speculate on the
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Figure 3. Incidence rate ratios (IRR) of fathering a child according to region of residency' and age. Men aged
15-65 years living in Denmark January 1, 2011 to December 31, 2015. 'Region of residency by January 1, 2011
categorised into one of the five administrative regions of Denmark: the Capital Region, Other Zealand, Southern
Denmark, Central Jutland or Northern Jutland. 2Age groups according to the man’s age by January 1, 2011.

reasons for this, e.g. whether it is an active choice or involuntary, but knowledge about these mechanisms may
form the basis for initiatives directed to improve health and quality of life for men suffering from mental illness
and might alter the rates of fatherhood for this group of men.

We found that young men (<24 years) who lived outside the capital region and young men who had a rela-
tively high income had higher rates of fathering a child than those living in the capital region and those who
had a lower income, respectively. In the youngest age group (<19 years) those born outside of Denmark had
higher rates of fathering a child than those born in Denmark. Moreover, we found that young men previously
diagnosed with cardiovascular disease had a higher rate of fathering a child, which was not seen among men
aged 25-34 years. This group of young men likely consisted mainly of men with congenital heart disease, who
may have had to deal with difficulties in life and many hospitalizations due to their disease. This may contribute
to an earlier maturation, but other mechanisms behind may be present. No studies investigating family planning
in young men with congenital heart disease were found to confirm this hypothesis.

We also found that men were more likely to father a child in the very young age group (< 19 years) if they had
previously been diagnosed with psychoactive substance abuse, personality disorders, schizophrenia, or behav-
ioural and emotional disorders. A previous study investigating mental health in offspring find that offspring of
young mothers, and to a lesser degree also young fathers, have a higher risk of developing mental illness, e.g.
psychoactive substance abuse, hyperkinetic disorders, mental retardation, lower mean intelligence scores, and
psychological disorders®. It is well known that mental illness in parents has negative health impact in children®*-*2.
Various factors may contribute to this association, including factors related to age. Studies investigating the cir-
cumstances and mechanisms underlying this association could potentially lead to a better prevention of adverse
outcomes in the offspring.

A higher rate of fathering a child at an advanced age (> 35 years) was seen among men who lived in the Capital
Region, men who had the lowest and highest income, and men who were either self-employed or unemployed.
In correspondence with the results of our study, a Norwegian study from 2013 showed that men who became
fathers for the first time at an advanced age formed a heterogeneous group, in which the majority had a stable
income and social situation and a minority were characterised by a low educational level, unemployment or single
status?. This suggests that there might be two groups of men, in terms of sociodemographic and socioeconomic
factors, who father a child at an advanced age; men with a high educational level and a relatively high income, and
men with a low educational level, with no or little attachment to the labour market and a relatively low income.

In our study, we did not only include first time fathers because negative health effects in offspring have been
found in studies including children fathered by men of advanced age regardless of whether the child was the
first, second or third or more child. However, we were not able to include details about the number of previous
children. Future studies examining the above mentioned two groups of men in relation to the number of previous
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Figure 4. Incidence rate ratios (IRR) of fathering a child according to educational level' and age”. Men aged
15-65 years living in Denmark January 1, 2011 to December 31, 2015. 'Highest educational level attained (as
of January 1, 2011) was categorised according to the Danish International Standard Classification of Education
15, D-ISCED-15, and divided into primary and lower secondary (ISCED 1-2), upper secondary (ISCED 3),
bachelor’s degree or equivalent (ISCED 5-6), and master’s/doctoral level (ISCED 7-8). No men in the group
15-19 years had a master’s/doctoral level education, thus the IRRs in this age group is not estimated. 2Age
groups according to the man’s age by January 1, 2011.

children and how adverse outcomes in offspring are distributed between these two groups could contribute to
the discussion about underlying mechanisms, including potential selection forces related to late fatherhood.

In terms of health characteristics, a higher rate of fathering a child at an advanced age was also seen among
men who were previously diagnosed with depression. This trend may reflect the postponement of parenthood
in men previously diagnosed with a depression; however, as we investigated the rate of men fathering a child
regardless of whether the child was the first, second or later child, this study cannot shed light on this aspect.
Postponement of parenthood is a rising tendency and further studies investigating differences in the rate of
fathering a child at an advanced age and the underlying mechanisms could contribute with important knowledge.

Several of the characteristics were associated with a lower rate of fatherhood in the older age group, e.g. the
somatic diseases and psychoactive substance abuse. A previous diagnosis of schizophrenia or related disorders
likewise seemed to be associated with a lower rate of fatherhood at an advanced age, which is interesting as studies
show an association between advanced paternal age and schizophrenia in children®*.

Strengths of this study are the nationwide coverage, including all men aged 15-65 years living in Denmark
on January 1, 2011, and the large sample size. Another methodological strength is the design of the analysis,
enabling us to compare the rate of fatherhood according to specific characteristics across age groups. Because
preconditions for many sociodemographic, socioeconomic and health characteristics are closely linked to age, e.g.
income and cardiovascular diseases, it is not possible to directly compare younger and older men. To overcome
this, we investigated the rate of fathering a child in different age groups according to the included sociodemo-
graphic, socioeconomic and health characteristics and thus estimated incidence rate ratios that were comparable
across age groups.

The weaknesses of our study include the restriction to variables that Statistics Denmark or other administra-
tive registers routinely collect, including DNPR. DNPR was established in 1976 and we had access to data on
diagnoses from 1977 onwards. As a consequence, men receiving a diagnosis before 1977 appeared as if they had
never received the concerned diagnosis—unless they had been registered with this diagnosis in relation to later
contact with the healthcare system. This misclassification is only possible for men born before 1977 and we expect
it to be largest for men with non-chronic diseases, including depression, psychoactive substance abuse and a
variety of somatic diseases. It is, however, unlikely that such diseases not registered in the healthcare system for
more than 30 years would have a major impact on the results, though this cannot be ruled out. There is also a
more general risk of misclassification of the mental illnesses and somatic diseases. Men are in general consult-
ing a primary care physician less frequently than women and are also less likely to seek help for mental health
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Figure 5. Incidence rate ratios (IRR) of fathering a child according to employment status' and age?. Men aged
15-65 years living in Denmark January 1, 2011 to December 31, 2015. 'Employment status defined from the
primary source of income in 2010 and categorised as: employed, self-employed, student, unemployed, retired, or
unattached to the labour market. 2Age groups according to the man’s age by January 1, 2011.

problems***. As a consequence, a general underdiagnoses might be present, which would dilute the differences
between men with and without the diagnosis.

The sociodemographic- and socioeconomic characteristics were defined as per 2010, including region of
residents, educational level, employment status and disposable income. These characteristics may have changed
shortly before 2010 or during the five-year study period, which may also result in misclassification of the char-
acteristics and should be taken into account when interpreting the results.

Men are less likely to seek help for mental health problems even when they are experiencing significant levels
of psychological distress; Another limitation related to the diagnosing of the included diseases arises when we
compare the IRRs across age groups. We performed a Wald test of interaction between age group and the spe-
cific characteristic, but, due to the difference in the number of years where a diagnosis could be registered and
due to the fact that the diagnosing of some of the included diseases, e.g. behavioural and emotional disorders,
has changed during the period from 1977 to 2010, it is difficult to conclude whether the significant interaction
analysis estimates are due to circumstances related to the diagnosing or due to a real difference in the relationship
between a diagnosis and fathering a child across age groups.

Conclusion
The results show that the rate of fathering a child in different age groups varied according to sociodemographic,
socioeconomic, and health characteristics of men living in Denmark in 2011.

It is beyond the scope of this study to draw conclusions about risk factors for offspring of fathers at different
ages or recommendations for men becoming fathers, even though these are both needed and important. Our
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Figure 6. Incidence rate ratios (IRR) of fathering a child according to average income’ and age®. Men aged
15-65 years living in Denmark January 1, 2011 to December 31, 2015. 'The individual’s disposable income in
the period from January 1, 2010 to December 31, 2010 divided into percentiles: lower 10th percentile, 10-25th
percentile, 25-75th percentile, 75-90th percentile, and upper 90th percentile. >Age groups according to the
man’s age by January 1, 2011.
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Figure 7. Incidence rate ratios (IRR) of fathering a child according to selected somatic diseases' and age?.

Men aged 15-65 years living in Denmark January 1, 2011 to December 31, 2015. 'Somatic diseases (diagnosed
before January 1, 2011) included malignant and benign tumours, cardiovascular diseases, endocrine diseases, or
congenital anomalies. 2Age groups according to the man’s age by January 1, 2011.
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Figure 8. Incidence rate ratios (IRR) of fathering a child according to selected mental illnesses’ and age®. Men
aged 15-65 years living in Denmark January 1, 2011 to December 31, 2015. 'Mental illnesses (diagnosed before
January 1, 2011) included: psychoactive substance abuse, schizophrenia and related disorders, depression,
bipolar disorders, personality disorders, mental retardation, pervasive developmental disorders, and behavioural
and emotional disorders. No men became fathers in the age groups 40-65 years for pervasive developmental
disorders or in the age group 55-65 years for mental retardation, thus the IRRs in these age groups are not
estimated. 2Age groups according to the man’s age by January 1, 2011.
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findings do, however, point to characteristics that are important in relation to the age-related rate of fatherhood
and the interpretation of results from studies investigating the association between paternal age and offspring
health. Moreover, the results highlight the importance of careful consideration of various sociodemographic,
socioeconomic, and health characteristics in future studies. Factors associated with parenthood that may have
negative health consequences for offspring are important for the general population and for couples consider-

ing

Rec

parenthood.
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