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Background: Previous studies indicate a higher risk of comorbidity in men with infertility;
however, research on mortality is scarce and the few studies that do exist have rarely
differentiated between infertility and infertility-related diagnoses.

Objective: To examine mortality in men with an infertility or infertility-related diagnosis.
Design, setting, and participants: Population-based cohort study of men born in 1944—
1992 in Sweden. We used Cox regression estimated hazard ratios (HRs) for infertility while
adjusting for number of children, education, year of birth, country of birth, diabetes,
hypertension, liver disease and end-stage renal disease. In all, 43,598 men with a diagnosis
of infertility and 57,733 men with an infertility-related diagnosis were compared with
2,762,254 men (reference group) without such diagnoses.

Outcome measures: All-cause and cause-specific mortality at age 20 to 69 years.
Results and limitations: The 2,863,585 men in the study were followed for a median time
of 22.0 years. During follow-up, 439 men with a diagnosis of infertility died, corresponding
to a crude incidence rate of 1.56 deaths per 1,000 person-years. These figures can be
compared with 1,400 deaths in men with an infertility-related diagnosis (1.96 deaths/1,000
person-years) and 99,463 deaths in reference individuals (2.17 deaths/1,000 person-years).
Overall, men with a diagnosis of infertility did not have a higher risk of death (adjusted [a]
HR=0.98; 95% confidence interval [95% CI]=0.89—1.08), but had a higher risk of death
before age 30 (20-29 years) (aHR=3.26; 95% CI=2.42-4.41). This early excess mortality
was largely explained by cancer diagnosed before infertility. Having an infertility-related
diagnosis was associated with death (aHR=1.23; 95% CI=1.17-1.30). Limitations include the
lack of general screening for infertility in Sweden and the lack of information on semen
parameters.

Conclusion: Men with a diagnosis of infertility are not at a higher risk of death than the
general population, although having a diagnosis related to infertility may be linked to a
higher risk of death.

Patient summary: Men with a diagnosis of infertility do not seem to have a higher risk of
death though an infertility-related diagnosis in men is associated with the risk of death.
Keywords: cancer, death, infertility

Introduction

It is estimated that 12-28% of couples trying to conceive are diagnosed with
infertility."> The World Health Organization has defined infertility as “a disease
of the reproductive system defined by the failure to achieve a clinical pregnancy

after 12 months or more of regular unprotected sexual intercourse”.®
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In infertile couples male infertility is the sole or con-
tributing explanation in about half of the cases.” Causes of
male infertility include not only genetic defects (including
certain syndromes), cancer, trauma, infections, hormonal
problems, and systemic diseases but also mechanical
obstruction and anatomical aberrations, sexual dysfunc-
tion, varicocele, and importantly, oligospermia.>*

Male infertility has previously been linked to an excess risk
of cancer, including testicular and prostate cancer.”® Prostate
cancer represents 33% of all male cancers and hence may
influence overall survival in men with infertility.” Infertility
may also have social consequences (for instance, it might
trigger depression and psychiatric comorbidity). In a study by
Lotti et al men in infertile couples were found to have a higher
degree of self-reported anxiety and depression.® Male inferti-
lity and mortality may have non-genetic shared risk factors,
including comorbidity and lifestyle factors. Given the impor-
tance of genetic factors in both infertility and DNA repair, it is
also possible that infertility is linked to cancer.”'® Men with
poor semen quality'! and their first-degree relatives'? appear to
have a higher risk of cancer; and a low sperm count has also
been linked to a higher risk of hospitalization.'* Glazer et al
found a positive association between male infertility and the
risk of chronic disease.'*

Despite these investigations, large-scale studies of mortal-
ity in men with infertility are rare. In a Danish study in 2009,
Jensen et al reported higher mortality in men with poor semen
quality.' The authors suggested that this association could be
due to confounding by lifestyle and social factors (such as
health and education level). Men evaluated for infertility in a
US study'! were at lower risk of death (standardized mortality
ratio [SMR]=0.39; 95% CI=0.30-0.49). However, neither of
these studies adjusted for socioeconomic status.

For these reasons, we investigated the risk of death in
men with a diagnosis of infertility and in men with a
diagnosis related to infertility. We hypothesized that hav-
ing a diagnosis of, or related to, infertility would be a risk
factor for death, even after adjusting for relevant covari-
ates (level of education, income, and country of birth).

Methods

Study design

We assessed a population-based cohort involving all men
born in Sweden between 1944 and 1992 who were regis-
tered in the Total Population Register of Sweden.'® We
calculated mortality rates incorporating data from the
nationwide Cause of Death Register.!” Large-scale register

linkages were made possible through the unique personal
identity number (PIN) assigned to all Swedish permanent
residents.'® This approach allowed us to examine indivi-
duals over time with almost no loss of follow-up.

Setting

Sweden has a publicly funded healthcare system with univer-
sal access to both hospital-based and primary care for adults
and children.'®?° Couples seeking treatment for infertility are
normally referred to a fertility clinic at the hospital, where both
partners go through individualized diagnostic testing for infer-
tility. Male infertility is evaluated by semen analysis, some-
times combined with an examination of the genitals.?' Hence,
infertility is usually investigated in a hospital setting.

Exposures: infertility and infertility-

related diagnoses

Data on exposures were obtained from the Swedish Patient
Register.>> This register began in 1964 and has been nation-
wide since 1987. It also includes hospital-based outpatient
care since 2001. We used International Classification of
Disease (ICD) codes to identify individuals with infertility
(diagnosis of male infertility) and infertility-related diag-
noses (ie hypopituitarism, testicular hypofunction, cryptorch-
idism, hypospadias, Klinefelter syndrome, varicocele, and
testicular torsion) (Table S1). While we are unaware of any
validation of male infertility diagnoses, most diagnoses in the
Swedish Patient Register have a positive predictive value
ranging from 85-95%.%

Number of children

Number of children and date of birth for each child were
obtained from the Swedish Multigeneration Register;*®
through this register, we could also identify men without
children.

Study participants

The study population comprised all men born in 1944—1992
who were registered in the Swedish Total Population
Register,'® alive and residing in Sweden at the start of
study follow-up (age of 20 years or on Jan 1, 1991, which-
ever occurred last). We excluded individuals with a re-used
PIN to minimize the risk of incorrect linkages.

Cause of death
We used ICD codes to identify cause of death, specifically
examining the risk of death from cancer, cardiovascular
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disease, and external causes (Table S2). Suicide was sepa-
rated from other external causes of death (eg accidental
poisonings, car accidents, falling or drowning) using an
indicator variable for deliberate self harm in the Cause of
Death Register.

Covariates and adjustment

We obtained data on covariates from the Swedish Patient
Register, the Swedish Cancer Register, and from other
Total
Register).

relevant registers
and the

Attained age was used as the underlying timescale.

government (primarily the

Population Register Education
Multivariable-adjusted analyses included highest educa-
tional attainment 1990-2010 and country of birth as
fixed covariates and diabetes, hypertension, liver failure,
and end-stage renal disease as time-varying covariates.
Disposable income at age 32-36 years was included as a
fixed covariate in a separate model. Each covariate was
included based on a priori knowledge of associations with
the exposure and outcome, and categorized in accordance
with Table 1. Date of diagnosis for chronic diseases was
obtained from the Swedish Patient Register while informa-
tion on date and site of any cancer diagnosis was obtained
from the Swedish Cancer Register (Table S1).

Statistical methods

Frequencies, percentages, medians and interquartile ranges
were calculated for the background variables by the expo-
sure groups. To compare covariates between the exposure
groups, the Chi-square test or analysis of variance
(ANOVA) were used. Follow-up started at Jan 1, 1991 or
the age of 20 years, whichever occurred last, and ended at
date of death, first emigration, or end of study (Dec 31,
2012), whichever occurred first. The maximum age of
follow-up was 69 years. The main outcome was all-cause
death. As secondary outcomes, we assessed death due to
cancer, cardiovascular disease, suicide and other external
causes, for which person-time was censored for other
causes of death. Mortality rates were estimated as events
per 1,000 person-years. Using Cox regression, we esti-
mated hazard ratios (HRs), comparing the mortality rates
in men with or without infertility while adjusting for
potential confounders and attained age as the underlying
timescale. Infertility and infertility-related diagnoses were
treated as time-varying exposures in which a person con-
tributed person-time to the unexposed group until diagno-
sis of infertility (or related diagnosis).

To investigate whether any associations found were
driven by not having children we performed analyses
stratified by birth of the first child. We assessed non-
proportional hazards by age and calendar period. We stra-
tified the analysis on death before or after age 30, since the
plotted mortality rates across age indicated a different
pattern in young adult males. We also stratified the analy-
sis by the year 2001 to investigate potential differences
before and after the inclusion of outpatient care in the
Swedish Patient Register. Finally, we assessed the poten-
tial confounding by disposable income in a sensitivity
analysis, where the models were adjusted for income.
Likelihood ratio tests were used to assess the interactions.

In the analysis of cause-specific death due to cancer, we
specifically examined the association between infertility and
death due to cancer stratified by death before or after age 30
as well as cancer diagnosis before diagnosis of infertility or
diagnosis related to infertility in that infertility or related
problems in young men may be caused by cancer treatment.

The regression analyses included only men with com-
plete information on all covariates. Missing data was pre-
sent in variables country of birth (0.02%), education
(6.09%) and income (7.52%). Men with missing informa-
tion on education were mainly short-term foreign-born
residents appearing as “immortals” in the included regis-
ters, ie with incomplete follow-up for death and emigra-
tion, and were thus excluded from the analyses.

Data were prepared using SAS software (version 9.4,
SAS Institute Inc., Cary, NC, USA) and Stata software
version 15 IC (StataCorp. 2017, College Station, TX,
USA) was used for the statistical analyses. All tests were
two-sided and the significance level was set to 0.05.

This study was approved by the Regional Ethical
Review Board in Stockholm, Sweden (ethical approval
2013/1849-31/2, amendment 2014/118-32).

Results

Background data

The study base comprised 3,049,364 men born in 1944-1992
who were alive and residing in Sweden at the start of follow-up
(Figure 1). We excluded men with missing on education
(n=185,761) and country of birth (n=18), leaving 2,863,585
men for the analyses. Of these, 43,598 had a diagnosis of
infertility (1.5%) and 57,733 an infertility-related diagnosis
(2.0%) and 2,762,254 had no diagnosis of infertility or inferti-
lity-related diagnosis (reference individuals) during follow-up
(Table 1). The mean age at start of follow-up was 20.0 years for
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men with a diagnosis of or related to infertility, and 23.9 years
for the reference men. The men were followed for a median
time of 22.0 years: median age at the end of follow-up was
40.7 years for men with a diagnosis of infertility, 38.1 years for
men with an infertility-related diagnosis, and 44.8 years for the
reference men. A larger proportion of men with an infertility
diagnosis had higher education (>3 years, 28.1%) compared
with men with an infertility-related diagnosis (16.6%) and
reference men (16.2%). The proportion of men born in the
Nordic countries was similar in all three groups. Men with a
diagnosis of infertility more often had children at the end of
follow-up (69.3%) compared with those with an infertility-
related diagnosis (47.6%) and reference individuals (60.2%).
The most common infertility-related diagnoses were cryptorch-
idism, varicocele, and testicular torsion. The proportion of men
who were censored because of emigration was lower in men
with a diagnosis of infertility (1.3%) than in men with an
infertility-related diagnosis (3.9%) and reference individuals
(5.3%). Cancer was the cause of death in 44.4% (diagnosis of
infertility), 23.5% (infertility-related diagnosis) and 26.3%
(reference group), with cardiovascular death constituting
18.2% (men diagnosed with infertility), 19.4% (men with an
infertility-related diagnosis), and 24.9% (in reference indivi-
duals) of deaths in the study.

All-cause mortality
During a follow-up of 281,656 years, 439 men with a
diagnosis of infertility died (Table 2), corresponding to a
crude incidence rate of 1.56 deaths per 1,000 person-years.
This figure can be compared with 1,400 deaths during
712,620 person-years in men with an infertility-related
diagnosis (1.96 deaths per 1,000 person-years) and
99,449 deaths during 45,822,503 person-years in reference
individuals (2.17 deaths per 1,000 person-years). After
adjusting for confounders, men with a diagnosis of infer-
tility did not have a higher mortality rate (HR=0.98; 95%
confidence interval [95%CI1]=0.89-1.08), whereas having
an infertility-related diagnosis was associated with a
higher mortality rate (HR=1.23; 95%CI=1.17-1.30).
When splitting time by birth of the first child, the
rate of death in men with an infertility-related diagnosis
was higher in those with no children (HR=1.20; 95%
CI=1.12-1.29) and in those who had at least one child
(HR=1.11, 95% CI=1.03-1.20) compared with the refer-
ence group. Men with a diagnosis of infertility did not
have a higher mortality rate either before or after having
a child.

Figure 2 shows the unadjusted mortality rates by age. We
found a higher mortality rate before the age of 30 years in
men with a diagnosis of infertility. No such pattern was seen
in men with an infertility-related diagnosis. A stratified ana-
lysis (Table 2) revealed that having a diagnosis of infertility
was associated with an higher mortality rate up to age
30 years (HR=3.26; 95% CI=2.42-4.41), but not after age
30 (HR=0.91; 95% CI=0.83-1.01). Men with an infertility-
related diagnosis had a higher mortality rate both before
(HR=1.29; 95% CI=1.14-1.46) and after age 30 years
(HR=1.22, 95% CI=1.15-1.29). Results from the analysis
stratified by calendar period (Table 2) did not show higher
mortality in men with a diagnosis of infertility before 2001
(HR=0.76, 95% CI=0.53-1.09) or from 2001 and later
(HR=1.00, 95% CI=0.91-1.11). Men with an infertility-

All men born 1944-1992,
registered in the Swedish total

population register
n=3,692,249

Excluded
reused PIN n=6,493
not alive at study start n=77,004
not in Sweden at study start
n=559,388

Study population
n=3,049,364

Excluded from analyses due to
missing covariate information
education n=185,761
birthcountry n=18

Study cohort with complete
covariate information
n=2,863,585

Figure | Flow chart of study population.
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Table 2 All-cause mortality in men with a diagnosis of infertility or an infertility-related diagnosis

Age-adjusted
HR (95% CI)

Multivariable-adjusted*

HR (95% CI)

1.00 (reference)
1.29 (1.22-1.36)
0.90 (0.82-0.99)

1.00 (reference)
1.23 (1.17-1.30)
0.98 (0.89-1.08)

1.00 (reference)
1.25 (1.16-1.34)
0.74 (0.64-0.85)

1.00 (reference)
1.20 (1.12-1.29)
0.82 (0.71-0.94)

1.00 (reference)
1.16 (1.07-1.26)
0.91 (0.80-1.04)

1.00 (reference)
I.11 (1.03-1.20)
1.01 (0.89-1.15)

1.00 (reference)
1.30 (1.14-1.47)
3.13 (2.32-4.22)

1.00 (reference)
1.29 (1.14-1.46)
3.26 (2.42-4.41)

1.00 (reference)
1.29 (1.21-1.36)
0.83 (0.75-0.92)

1.00 (reference)
1.22 (1.15-1.29)
0.91 (0.83-1.01)

1.00 (reference)
1.22 (1.09-1.37)
0.77 (0.54-1.10)

1.00 (reference)
1.19 (1.06-1.33)
0.76 (0.53-1.09)

Deaths Person-years
No infertility-related diagnosis 99,449 45,822,328
Infertility-related diagnosis 1,400 712,620
Diagnosis of infertility 439 281,656
By birth of first child
Before birth of first child
No infertility-related diagnosis 38,023 18,809,610
Infertility-related diagnosis 804 418,324
Diagnosis of infertility 206 112,818
After birth of first child
No infertility-related diagnosis 61,426 27,012,717
Infertility-related diagnosis 596 294,296
Diagnosis of infertility 233 168,839
By age 30 years
Before age 30 (2029 years)
No infertility-related diagnosis 7,890 11,665,582
Infertility-related diagnosis 247 282,197
Diagnosis of infertility 43 19,456
Age 30 and later (30-69 years)
No infertility-related diagnosis 91,559 34,156,746
Infertility-related diagnosis 1,153 430,423
Diagnosis of infertility 396 262,200
By calendar period
Before year 2001 (1964-2000)
No infertility-related diagnosis 28,872 18,506,097
Infertility-related diagnosis 305 224,193
Diagnosis of infertility 30 18,808
Year 2001 and later (2001-2012)
No infertility-related diagnosis 70,577 27,316,231
Infertility-related diagnosis 1,095 488,427
Diagnosis of infertility 409 262,848

1.00 (reference)
1.35 (1.27-1.43)
0.97 (0.88-1.07)

1.00 (reference)
1.24 (1.17-1.32)
1.00 (0.91-1.11)

Notes: *Adjusted for attained age, calendar period, education, country of birth, diabetes, hypertension, liver failure, and end-stage renal disease. Likelihood ratio test for
interaction with birth of first child: age-adjusted p=0.0355, multivariable-adjusted p=0.0294; interaction with age: age-adjusted p<0.0001, multivariable-adjusted p<0.0001;
interaction with calendar period: age-adjusted p=0.1446, multivariable-adjusted p=0.2527.

Abbreviations: HR, hazard ratio; Cl, confidence interval.

related diagnosis had higher mortality rates both in the earlier
(HR=1.19; 95% CI=1.06—1.33) and later calendar period
(HR=1.24, 95% CI=1.17-1.32).

Cause-specific mortality

Cancer mortality was higher in both men with a diagnosis of
infertility and in those with an infertility-related diagnosis
(Table 3). However, cancer mortality was only higher in
individuals with a diagnosis of cancer preceding the infertility
or related diagnosis, especially among men who died from
cancer before age 30. The most common cancer types among

infertile men were brain tumors, hematological cancers, and
tumors of bone, cartilage, mesothelium, and soft tissue.

Cardiovascular mortality rate was not higher among
men with infertility or related diagnoses. The rate of
suicide was higher in men with an infertility-related diag-
nosis (HR=1.18, 95% CI=1.01-1.37), while the mortality
rate due to other external causes was not (HR=1.04, 95%
CI=0.91-1.18). Having a diagnosis of infertility was inver-
sely associated with death due to suicide (HR=0.69, 95%
CI=0.50-0.94) and other external causes (HR=0.55, 95%
CI=0.40-0.74).
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Figure 2 Mortality rates per 1,000 person-years according to infertility status.

Notes: The graph was trimmed to ages 23—66 years because of few events outside this range. Mortality rates were estimated as events per 1,000 person-years and plotted

using a Kernel smoother.

Sensitivity analyses
Adjusting for disposable income did not influence the
associations between infertility and mortality (Table S3).

Discussion
Main findings

In this population-based study of nearly 3 million men
aged 20—69 years we found no association between a
diagnosis of infertility and mortality. In contrast, inferti-
lity-related diagnoses were associated with excess mortal-
ity. Overall, risk estimates for death decreased after
adjustment for potential confounders and therefore we
cannot rule out that the observed positive association for
infertility-related diagnoses is due to the possibility of
unaccounted confounding.

Comparison with previous studies

We confirm earlier reports that diagnosed infertility is not
a risk factor for early death. However, in contrast to some
studies, we did not observe a protective effect against
death either. For instance, Eisenberg et al reported 61%
lower mortality in men evaluated for infertility.'' That
paper was based on two US cohorts (California and
Texas) and out of 11,935 men, 69 (0.58%) died during
follow-up. Very few (19.9%) of the participants in that
study were followed before age 30 (20-29) years, which is

when we observed an excess mortality in men with a
diagnosis of infertility. Although the Eisenberg et al
study adjusted for comorbidity, it failed to take socioeco-
nomic status into account. The authors investigated cause-
specific death but only observed a statistically significant
decrease in infectious disease risk. The Danish study of
Jensen et al'® did not include any data on infertility in
general, nor did it discuss any explanation for the lower
risk of death from infectious diseases. Latif and colleagues
have demonstrated an inverse association between sperm
count and hospitalization in two studies, using both regis-
try-based'® and questionnaire-based** data in men seeking
help for infertility. One of these studies also found that
mortality was higher in men with a low sperm
concentration.'® However, infertility was not the focus of
the studies by Latif et al In fact, these researchers repeat-
edly point out that they adjusted their analyses for fertility
status and that that did not change the association between
sperm count and morbidity. Our study did not contain any
data on sperm count. Our findings of an increased mortal-
ity in infertility-related disorders are consistent with earlier
research. When Jasim et al*® examined 23,515 patients
with hypopituarism as part of a meta-analysis, they found
a 55% higher mortality in this group. There are few studies
on males with disorders of sex development.?*?” Mortality
was not increased among 69 men with 46,XX disorders of
sex development in a Danish study,?® although it should be
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Table 3 Cause-specific mortality in men with a diagnosis

of infertility or an infertility-related diagnosis

Cancer mortality Deaths Person-years Age-adjusted HR (95% CI) Multivariable-adjusted*
HR (95% CI)
No infertility-related diagnosis 25,326 45,822,328 1.00 (reference) 1.00 (reference)
Infertility-related diagnosis 323 712,620 1.37 (1.23-1.53) 1.29 (1.16-1.44)
Diagnosis of infertility 193 281,656 1.81 (1.57-2.09) 1.85 (1.61-2.14)
Cancer mortality before and after age 30 years, stratified by cancer date**
Before age 30 (20-29 years)
No infertility-related diagnosis 592 11,665,582 1.00 (reference) 1.00 (reference)
Infertility-related diagnosis before cancer 21 279,736 1.49 (0.96-2.30) 1.50 (0.97-2.31)
Infertility-related diagnosis following cancer 4 2,461 32.41 (12.12-86.64) 30.55 (11.43-81.68)
Diagnosis of infertility before cancer | 17,963 0.89 (0.13-6.34) 0.90 (0.13-6.44)
Diagnosis of infertility following cancer 32 1,493 375.59 (262.68-537.03) 401.87 (280.90-574.93)
Age 30 and later (30-69 years)
No infertility-related diagnosis 24,734 34,156,746 1.00 (reference) 1.00 (reference)
Infertility-related diagnosis before cancer 199 419,729 0.96 (0.83-1.10) 0.91 (0.79-1.05)
Infertility-related diagnosis following cancer 99 10,694 7.19 (5.90-8.76) 5.80 (4.76-7.07)
Diagnosis of infertility before cancer 77 253,513 0.75 (0.60-0.94) 0.77 (0.62-0.97)
Diagnosis of infertility following cancer 83 8,687 24.52 (19.76-30.42) 23.22 (18.69-28.84)
Cardiovascular mortality
No infertility-related diagnosis 24,003 45,822,328 1.00 (reference) 1.00 (reference)
Infertility-related diagnosis 266 712,620 1.21 (1.07-1.36) 1.09 (0.97-1.23)
Diagnosis of infertility 79 281,656 0.75 (0.60-0.94) 0.81 (0.65-1.01)
Mortality due to suicide
No infertility-related diagnosis 9,846 45,822,328 1.00 (reference) 1.00 (reference)
Infertility-related diagnosis 169 712,620 1.19 (1.03-1.39) 1.18 (1.01-1.37)
Diagnosis of infertility 38 281,656 0.62 (0.45-0.86) 0.69 (0.50-0.94)
Mortality due to other external causes
No infertility-related diagnosis 14,934 45,822,328 1.00 (reference) 1.00 (reference)
Infertility-related diagnosis 235 712,620 1.07 (0.94-1.22) 1.04 (0.91-1.18)
Diagnosis of infertility 43 281,656 0.50 (0.37-0.67) 0.55 (0.40-0.74)

Notes: *Adjusted for attained age, calendar period, education, country of birth, diabetes, hypertension, liver failure, and end-stage renal disease. **Likelihood ratio test for

interaction with age: age-adjusted p<0.0001, multivariable-adjusted p<0.0001.
Abbreviations: HR, hazard ratio; Cl, confidence interval.

noted that statistical power was low and that the 95%CI
was wide (HR=0.6, 95% CI=0.2-2.5). Another study
reported a 50% higher risk of death among men with
Klinefelter syndrome in Denmark and Britain,?’ similar
to the 38% higher mortality rate seen in our study.

Strengths and limitations

Our study offers several improvements compared with
previous research. Through the PIN,'® we were able to
perform exact matching (as opposed to probabilistic
matching used in one US study''). The Total Population
Register covers all residents in Sweden and also tracks
emigrations, which allows for a virtually complete follow-
up of our study participants. During follow-up of 281,000

person-years in men with a diagnosis of infertility and
814,000 person-years in men with an infertility-related
diagnosis, there were 409 and 1,356 deaths, respectively.
The large numbers allowed us to calculate precise risk
estimates, as well as to examine cause-specific death. We
had hypothesized that male infertility would be associated
with a higher risk of death. We could not confirm this
hypothesis in the overall analysis but in a stratified analy-
sis we noted a 4.58-fold higher risk of death in men with a
diagnosis of infertility before the age of 30 years. Early
death from cancer may signal impaired DNA repair, which
has been hypothesized by others to also negatively affect
spermatogenesis and thereby male fertility.'' However,
because the association was only present in men diagnosed
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with infertility following cancer, the infertility was most
likely caused by the cancer treatment. Lack of data on the
cause of infertility, radiotherapy and chemotherapy pre-
cluded us from exploring this line of thought further.

We present results from two statistical models that
adjusted for potential confounders. Such an approach is
important given that research has shown that individuals of
high socioeconomic status are more likely to seek medical
attention for infertility. However, even with adjustment for
level of education and income, we cannot rule out residual
confounding. For instance, our study shows that men with a
diagnosis of infertility more often had children at the end of
follow-up than men without infertility. While we can assume
that the men diagnosed with infertility had tried to have
children, we have no information on whether men in the
comparison group had tried to have children. Infertility and
mortality may share a number of risk factors associated with
lifestyle, including smoking, alcohol consumption, high BMI
and obesity, lack of physical exercise, chronic diseases, med-
ication use, and dietary factors.?® Unfortunately, we did not
have any data on most of these potential confounders, but
were able to adjust for comorbidity, such as diabetes mellitus,
end-stage renal disease, hypertension, and liver failure.

The purpose of this study was to examine male inferti-
lity in the general population and its potential link to mor-
tality. We did not have data on semen parameters, hormonal
evaluation, or on how the diagnostic work-up had been
performed for each patient; nor did we have granular data
on the cause of infertility other than ICD codes from the
Swedish Patient Register or data on fertility status in the
partner. Because there is no general screening for fertility
problems or semen quality, we cannot rule out that only a
selected group of men with fertility problems seek medical
attention for their problems. Eisenberg et al found that men
undergoing infertility investigations had lower mortality
and that higher mortality occurred only in men with affected
sperm parameters.'' Men seeking medical examinations for
potential infertility problems are more likely to have a
partner, be health aware, have higher socioeconomic status,
and more highly educated, but may differ regarding other
factors, including region of residence, for which we could
not adjust. Still, infertile men without children (indicating
more severe infertility) had a lower (albeit not statistically
significant) HR for death in our study (HR=0.92; 95%
CI=0.80-1.06).

Because diagnoses from outpatient care were only
available since 2001, many infertile men were likely clas-
sified as non-infertile in the earlier period. This likelihood

could bias the results towards the null, although any such
effect is likely small given the large comparison group. In
addition, because most diagnoses of infertility were made
in outpatient care, our results may not be generalizable to
infertile men diagnosed before 2001. However, the small
proportion of men who were diagnosed with infertility in
inpatient care before 2001 did not have higher mortality
(HR=0.85,95% CI=0.58-1.24).

Conclusion

In conclusion, this nationwide study found no excess risk
of death in men with a diagnosis of infertility. Men with an
infertility-related diagnosis had a slightly higher risk of
death compared with men without such a diagnosis.
Further research is needed to investigate the underlying
mechanisms of this association.
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Table S| Diagnosis codes for male infertility, related disorders and chronic diseases

ICD7 ICD8 ICD9 ICDIO
Male infertility 616 606,99 606 N46
Infertility-related diagnosis
Hypopituitarism 272.1;272.2; 272.3 | 253.1 253C; 253D; 253E; 253H | E23.0; E23.1; E89.3
Testicular hypofunction 276.0 257.10 257B; 257C E29.1; E89.5
Cryptorchidism 757.0 752.10 752F Q53
Hypospadias 757.21 752.2 752G Q54
Klinefelter syndrome 276.1 759.51 758H Q98.0-Q98.4
Varicocele 462.0 456.1 456E 186.1
Testicular torsion 607.7 608C N44
Chronic diseases
Diabetes mellitus 260 250 250 EIO-EI4
End-stage renal disease, dialysis, Y29.01 585; V45B; V56; V42A N18.0; N18.5; Z49; 799.2;
transplantation 794.0
Hypertension 440-443 400-404 401-405 110-115
Liver failure, transplantation 580.19 570.02; 570; 572C; V42H K70.4; K71.1; K72; Z94.4
573.02
Cancer 140-205 140-209 140-208 C00-C97

Notes: In the Swedish counties ICD-7 was used before 1969, ICD-8 1969—1986, ICD-9 1987-1996, and ICD-10 from 1997. Skiane County switched to ICD-10 in 1998.

Table S2 Diagnosis codes for causes of death

ICD7 ICD8 ICD9 ICDIO
Cancer 140205 140209 140208 C00-C97
Cardiovascular disease 400468 390-458 390-459 100-199
External causes of injury 800-990 800-990 800-990 VO1-Y98

Notes: In the Cause of Death Register ICD-7 was used before 1969, ICD-8 1969—1986, ICD-9 1987-1996, and ICD-10 from 1997.

Table S3 All-cause mortality in men with income information according to infertility status

Cases | Person- Age-adjusted Multivariable-adjusted* HR Multivariable-adjusted®** HR
years HR (95% CI) (95% CI) (95% CI)
No infertility-related 86,453 | 45,144,414 1.00 (reference) 1.00 (reference) 1.00 (reference)
diagnosis
Infertility-related 1,048 | 704,092 1.27 (1.20-1.36) 1.20 (1.12-1.27) 1.18 (1.11-1.25)
diagnosis
Diagnosis of infertility 367 280,160 0.85 (0.77-0.94) 0.91 (0.82-1.01) 0.91 (0.82-1.00)

Notes: *Adjusted for attained age, calendar period, education, country of birth, diabetes, hypertension, liver failure, and end-stage renal disease. **Also adjusted for

disposable income.

Abbreviations: HR, hazard ratio; Cl, confidence interval.
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