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population-based cohort followed for up to 40 years
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ABSTRACT
Based on a nationwide register data we recently reported a link between male infertility and increased
risk of early onset prostate cancer. However, mortality due to prostate cancer, which can be regarded
as the ultimate proxy for its clinical significance, especially in the context of over-diagnosis and over-
treatment, could not be explored in the previous study, since the follow-up period in most cases was
too short. Data therefore must be retrieved from other cohorts, with longer follow-up. We sourced
data from a population-based prospective cohort including 11,343 men aged over 45 years, enrolled in
the 1970s. The results showed that childless men have higher risk for prostate cancer related mortality
(HR: 1.49, 95% CI: 1.09–2.03, p¼ 0.01) compared to men with children, in particular when only married
men, who most probably are involuntary childless, were considered (HR 1.54, 95% CI 1.13� 2.10,
p¼ 0.006). However, the prostate cancer incidence did not differ (HR ¼ 1.04, 95% CI: 0.88–1.24). In
conclusion, our results show that childless men are at higher risk for dying from prostate cancer, prob-
ably due to a more aggressive form of the disease.
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Introduction

We have recently, in a register based study including more
than 1.2 million men who became fathers during the period
1994–2014, found that those with children conceived by
assisted reproduction, had 30–60% higher risk of prostate
cancer (PCa) as compared to those who achieved fatherhood
naturally [1]. The risk was increased for all men requiring
assisted reproduction, but most pronounced for men having
to use intracytoplasmic sperm injection (ICSI) for fatherhood,
which is a technique that is most frequently used for men
with severely hampered sperm production, and for whom
there is no possibility to become biological fathers by non-
assisted means. This risk increase was most obvious for early
onset PCa, diagnosed before 55 years of age. Clinically, early
onset PCa has for decades, even before the introduction of
prostate specific antigen (PSA) testing, been recognized to
have poor prognosis. However, because of the, in this con-
text, relatively short follow-up period, the risk for PCa related
death, which is a robust marker of the clinical impact of this
malignancy, could not be explored in the previous study
population. In order to obtain such information, data need
to be retrieved from cohorts based on even longer follow-up
time than two decades as was the case in the cited study.
We therefore used a large community based prospective
cohort gathered in the 1970s with the aim to calculate PCa

mortality estimates with childlessness as a proxy for severe
male infertility.

Subjects and methods

Data was sourced from the population-based prospective
Malmo Preventive Project, including 22,444 men (participa-
tion rate 71%), between 25 and 63 years of age, enrolled dur-
ing the period 1974–1984, and followed until 2016. All
participants underwent a physical examination at baseline,
and laboratory investigations including body mass index
(BMI; kg/m2), and blood pressure (mmHg). They also filled in
a questionnaire regarding lifestyle factors, as well as family
and medical history. By using childlessness as a proxy for
severe male infertility, the participants were split into two
groups according to fatherhood status at baseline. This infor-
mation was gathered using two sources: (a) the baseline
questionnaire and (b) the Swedish Tax Agency Statistics
(STAS), which comprises the number of children of each
man, and the personal ID (date of birth) of the men as con-
secutive numbers. Data was linked to the unique personal
identification code assigned to all Swedish citizens.
Mismatching information was regarded as conflicting infor-
mation why such cases were excluded from further analysis
as were the ones with missing information in both sources.
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Only men older than 45 years (n¼ 11,343) were included
in the analysis in order to reduce misclassification by inclu-
sion of men who were too young to have fathered children
at the time of enrolment. Data on incidence and death was
sourced from the Swedish Cancer Registry and the Cause of
Death Registry, respectively. The study was approved by the
Swedish Ethical Review Authority (No. 85/2004).

The risk of having incident PCa was evaluated using multi-
variate Cox regression and presented as hazard ratios (HR)
and corresponding 95% confidence intervals (95%CI) follow-
ing men from baseline screening until first date of diagnosis
of PCa, death from other causes, emigration, or end of fol-
low-up on 31 December 2016. Age at baseline was adjusted
for as a continuous co-variate. The analysis was accompanied
with Kaplan–Meyer curves. The proportional hazards assump-
tion was upheld for all analyses as assessed using log minus
log plots.

Death from PCa was estimated with competing risk
regression analysis with age as an underlying time scale
using the PHREG procedure in SAS. Death due to other
causes was treated as competing risk.

Three adjustment models were used:

1. Adjusted for smoking, education and marital status, the
latter two differing between the childless men and
fathers (Table 1).

2. Adjusted for: smoking, education and marital
statusþ BMI and high blood pressure. The reason to
include the latter two variables was that BMI and high
blood pressure previously have been identified as pos-
sible risk factors for developing PCa [2] Data on marital
status (never married; married; divorced; widowed),
number of cigarettes per day (0, 1–10, 10–20, 30–40,
�40), and educational level (no education, primary
school, secondary school or higher) was derived from
the baseline questionnaire. BMI was available from the
baseline investigation and was treated as a continuous
co-variate. High blood pressure at baseline was defined
as systolic pressure above 135mmHg and/or diastolic
pressure higher than 85mmHg, after 10minutes’ rest or
use of antihypertensive treatment.

3. Presuming that socially determined childlessness is less
frequent among men having a partner as compared to
singles, a sub-analysis including only married men was
performed, with adjustments for smoking, education,
BMI and high blood pressure.

Analyses were performed using SPSS v.25 and SAS 9.4
(SAS University Edition). A p value less than 0.05 was consid-
ered significant.

Results

At enrolment, in total, 2134 men (19%) were childless,
whereas 9209 (81%) were fathers (Table 1). The men were
followed for up to 42 years (mean 29.0; SD 10.3). During the
follow-up, 1458 men (13%) were diagnosed with PCa and
406 men died from the disease, corresponding to 4% of the
total cohort. Mean age at PCa diagnosis was 72.4 (SD 9.9)
years for childless men and 71.3 (SD 10.6) for fathers. Mean
age of death for the cohort from PCa was 76 (SD 7.4) years.

The risk of dying from PCa was significantly higher in
childless men than in men having children (HR: 1.50; 95%
CI:1.10–2.04, p¼ 0.01), with risk estimates remaining almost
the same after adjustment for BMI and hypertension (HR:
1.49, 95% CI: 1.09–2.03, p¼ 0.01; Figure 1, Table 2). The HR
was even higher if only married men were considered (HR:
1.54 (95%CI: 1.13–2.10, p¼ 0.006). When evaluating all cases,
including those non-fatal, there was no difference in the risk
of being diagnosed with PCa, neither in model 1 (HR ¼ 1.04,
95% CI: 0.87–1.24, p¼ 0.66), nor in model 2 (HR ¼ 1.04, 95%
CI: 0.88–1.24) or model 3 (HR: 1.01 (95%CI: 0.85–1.19,
p¼ 0.94; Table 2).

Table 1. Socio-demographic and lifestyle characteristics of childless men,
older than 45 years at baseline.

Childless men
(n¼ 2134)

Fathers
(n¼ 9209) p Value

Marital status (%) 0.001
Never married 43.8 1.3
Married, Divorced, Widower 56.2 98.7

Level of education (%) 0.01
No education 11 4.1
Primary school 62.6 63.6
Secondary school 26.3 32.3

BMI (kg/m2), mean (SD) 25.3 (3.8) 25 (3.2) 0.53
Smoking status (%) 0.08
Non-smoker 62.3 59.4
10–20 cig. /day 21.2 24.4
20–30 cig. /day 12.5 12.2
30–40 cig./day 2.7 2.9
More than 40 cig./day 1.1 1.1

Age, years, mean (SD) 48.9 (4.1) 48.7 (3.9) 0.08

Figure 1. Cumulative hazard ratio for prostate cancer mortality (cause-specific
model) among fathers and childless men.

126 A. ELENKOV ET AL.



Discussion

Our results show that despite no group difference in PCa
incidence, childless men have 50% higher PCa specific mor-
tality compared to those having children. The results
remained robust after adjusting for a number of social and
metabolic factors as well as for treatment of hypertension,
meaning that underlying biological factors probably are
operating and resulting via hampered fertility and involun-
tary childlessness. This is suggesting that childless men have
no excess in the risk of developing PCa, but a poorer out-
come once being diagnosed with the disease. Presuming
this, our results seem to support previous findings indicating
a higher risk of developing a more clinically significant dis-
ease presenting as early-onset and high risk PCa among
infertile men [1,3].

In our analysis, the clinical significance is reflected by the
higher PCa mortality rate in childless men, but without any
difference in the PCa incidence compared to men who
became fathers. A plausible explanation for this discrepancy
is that men having a family are more prone to undergo
health controls [4]. Regarding PSA testing, these men would
consequently be more prone to be diagnosed with indolent,
clinically less relevant, good-prognosis PCa. Still, whereas PSA
testing has a significant impact on the incidence of new PCa
cases, the effect on mortality rates is more marginal [5], and
can, therefore, hardly affect the PCa mortality risk being the
main outcome of the current study.

A limitation of the current study is that we could not
account for the participants� intention to become fathers, the
partners’ fertility status, adopted children, or becoming a
father despite low fertility by use of assisted reproduction.
However, adoption rates in Sweden were low at the time
when the cohort was enrolled, in the late 1970s and early
1980s, and ICSI was rarely implemented before 1992 [6,7]
making these unlikely sources of significant bias. In addition,
according to a recent register study, 75% of the male cases
are most likely involuntarily childless [8]. Another drawback
was that the information on marital status did not account
for cohabiting, but non-married, couples. However, according
to previous research, only 6.5% of all Swedish couples were
cohabiting in the mid-1970s [9], meaning that cohabitation is
no big source of bias. Furthermore, our sub-analysis
restricted only to married men showed even higher mortality
estimates for those who were childless. Thus, in the context
of using childlessness as proxy for reduced male fertility, the
risk of misclassification seems relatively low, can be

considered as non-differential, and will bias the result
towards the null.

Categorization of the men was based on their fatherhood
status at baseline. Some of the men who were childless at
baseline became fathers during the follow-up. However, this
categorization strategy was kept to avoid so-called ‘immortal
time bias’ [10]. Any misclassification because of men who
became fathers during the follow-up, but nevertheless being
categorized as childless, would however tend to reduce the
difference between the groups – not strengthen it – and
can, therefore not explain the difference in PCa mortal-
ity observed.

Furthermore, the design of the study does not allow con-
cluding if the observed associations are purely due to bio-
logical mechanisms linked to infertility or to some degree
are a combination of these and socio-economic factors. The
latter might have affected the health seeking behaviour
resulting in, for example, postponing the contacts with the
healthcare system, i.e. the uptake of PSA screening, eventu-
ally leading to a more advanced disease stage at time of
diagnosis for childless men. Socio-economic factors such as
low income and low education level have previously been
shown to be associated with higher risk for PCa mortal-
ity [11].

In our statistical analysis we adjusted for smoking, educa-
tion, marital status, BMI and high blood pressure. Some of
these factors may have changed during the follow up.
However, we found almost identical HRs in adjusted and
non-adjusted model, which indicates only minor effects of
these co-variates on the final result.

Educational level was adjusted for in our model, but data
on income was not available for the present study. The lat-
ter, however, is not likely to be a major source of bias since
the income often changes positively as men get into rela-
tionships [12] and want to become fathers [13].
Consequently, income is dependent on other socioeconomic
variables, such as marital status and education – both of
which are adjusted for in the analyses.

Conclusion

Childless men may be a high-risk group for developing
aggressive and clinically significant PCa. This is an important
issue, since there is in general a significant risk of overtreat-
ment of mild, not life-threatening PCa, if extensive PSA test-
ing is offered. Infertility is encountered by 15–20% of all
couples. Impairment of male fertility has been reported as

Table 2. Hazard ratios (HR) and 95% confidence interval (CI) for incident prostate cancer (PCa) and PCa mortality among childless men
and fathers.

Model 1� Model 2�� Model 3���

HR (95%CI) p Value HR (95% CI) p Value HR (95% CI) p Value

Incident PCaa 1.04 (0.87–1.24) 0.66 1.04 (0.88–1.24) 0.81 1.01 (0.85–1.19) 0.94
PCa deathb 1.50 (1.10–2.04) 0.01 1.49 (1.09–2.03) 0.01 1.54 (1.13–2.10) 0.006
�Adjusted for: smoking, education and marital status.��Adjusted for: smoking, education and marital statusþ BMI and high blood pressure.���Includes only married men. Adjusted for: smoking, education, BMI and high blood pressure.
aAge used as a continuous co-variate.
bAge used as an underlying time scale.
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predisposing to long-term morbidity and increased risk of
aggressive PCa should be considered when discussing pre-
ventive measures in this relatively large proportion of men
being in contact with health care due to fertility issues.
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