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Background. Cardiovascular fitness influences many aspects of brain function. However, the relationship between
cardiovascular fitness and suicidal behaviour is unknown. Therefore, we aimed to determine whether cardiovascular
fitness at age 18 years is associated with future risk of suicide attempt/death.

Method. We performed a population-based Swedish longitudinal cohort study of male conscripts with no previous
or ongoing mental illness (n7=1136527). The conscription examination, which took place during 1968-2005, included
the cycle ergonometric test and tests of cognitive performance. Future risk of suicide attempt/death over a 5- to
42-year follow-up period was calculated with Cox proportional hazards models controlling for several confounders
including familial factors.

Results. At least one suicide attempt was recorded for 12563 men. Death by suicide without a prior attempt was
recorded in 4814 additional individuals. In fully adjusted models low cardiovascular fitness was associated with
increased risk for future attempt/death by suicide [hazard ratio (HR) 1.79, 95% confidence interval (CI) 1.64-1.94].
The HR changed only marginally after exclusion of persons who received in-patient care for depression (HR 1.76,
95% CI 1.61-1.94). Poor performance on both the cardiovascular fitness and cognitive tests was associated with a fivefold
increased risk of suicide attempt or suicide death (HR 5.46, 95% CI 4.78-6.24).

Conclusions. Lower cardiovascular fitness at age 18 years was, after adjustment for a number of potential confounders,
associated with an increased risk of attempt/death by suicide in adulthood. It remains to be clarified whether interven-
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tions designed to improve fitness in teens can influence the risk of suicidal behaviour later in life.
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Introduction

Suicide is a major public health concern worldwide
and the second most common cause of death amongst
young adults in the European Union (WHO, 2001).
Suicide attempt is the strongest known risk factor for
suicide (Leon et al. 1990; Yoshimasu et al. 2008).

For effective prevention, knowledge of key risk
factors for suicide attempt and completed suicide is es-
sential. The epidemiology is complex and a range of
factors, including childhood risk factors (Sourander
et al. 2009; Bruffaerts et al. 2010; Niederkrotenthaler
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et al. 2012), familial clustering (Tidemalm ef al. 2011),
low intelligence quotient (Batty ef al. 2010a; Sorberg
et al. 2013), low body mass index (BMI) (Batty et al.
2010b; Kinoshita et al. 2012), short stature (Jiang et al.
1999; Whitley et al. 2010), low socio-economic status
(Andres et al. 2010), history of psychiatric disorders
(Qin, 2011) and somatic illness (Gradus et al. 2010;
Saitta et al. 2011; Kendal & Kendal, 2012), are associ-
ated with increased risk.

There are a few cross-sectional studies that indicate
physical activity in adolescence as a protective factor
against suicidal ideation (Brown & Blanton, 2002;
Babiss & Gangwisch, 2009), but the relationship with
more serious forms of suicidal behaviour (suicide
attempt or suicide death) remains unclear. Previous
studies have relied on questionnaires or self-rating scales
for the measurement of physical activity. Prospective
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studies are lacking. Cognitive performance (Gunnell
et al. 2005), BMI (Magnusson et al. 2006) and height
(Whitley et al. 2010) at conscription have all been
shown to be associated with future risk of suicide
and both cognitive performance and BMI are also
associated with cardiovascular fitness (Aberg et al.
2009; Pahkala et al. 2013). Further, we recently showed
that lower cardiovascular fitness at conscription was
associated with increased risk of serious depression
in adulthood (Aberg et al. 2012).

We performed a prospective cohort study of all
Swedish men born in 1950-1987 who at conscription
at age 18 years had no history of mental illness. The
first aim was to determine whether cardiovascular
fitness at conscription was associated with future risk
of suicide attempt or suicide death during a follow-up
time of 5-42 years. The second aim was to examine
how cognitive performance, BMI, height and depression
would make an impact on the hypothesized relation-
ship between fitness and suicide attempt or suicide
death. A third aim was to study the relationship
between cardiovascular fitness and cognitive perform-
ance and future risk of suicidal behaviour.

Method
Participants

A cohort of 18-year-old Swedish males who enlisted for
military service between 1968 and 2005 (i.e. born
between 1950 and 1987; n=1353723) was compiled
from the Swedish Military Service Conscription
Register. During that time Swedish law required all
18-year-old Swedish men to enlist. Exemptions were
granted only for incarcerated males, severe chronic
medical or mental conditions, or functional disabilities
documented by a medical certificate (approximately
2-3% of the 18-year-old male population each year).
When enlisting, males underwent extensive and highly
standardized physical and psychological examinations
prior to assignment in the Swedish Armed Forces.
Conscripts with any history of mental illness or
ongoing psychiatric disorders at the time of the exam-
ination (n=69609) were excluded from the current
study. All Swedes have a unique personal identification
number making linkage to other registers possible. The
Ethics Committee of the University of Gothenburg
and Confidentiality Clearance at Statistics Sweden
approved the study.

Swedish military service conscription register data
Cardiovascular fitness test

Cardiovascular fitness was assessed using the cycle
ergonometric test. The procedure, including elements

of validity and reliability, has been described in detail
previously (Nordesjo & Schéle, 1974). Briefly, after a
normal resting electrocardiogram, 5min of submanxi-
mal exercise was performed at work rates of 75-175 W,
depending on body weight. The work rate was con-
tinuously increased by 25W/min until volitional
exhaustion. The subject was instructed to maintain
pedal cadence between 60 and 70 revolutions per
min. Heart rate was continuously measured. The
final work rate (Wp,.x) was recorded and divided by
body weight. This measure was employed because it
yielded a better correlation with maximum oxygen
consumption (Vo,max) (correlation coefficient about
0.9) than predicted Vo,max (correlation coefficient
about 0.6-0.7). The resulting values (Wyy./kg) were
transformed into stanine (STAndard NINE) scores
that served as a measure of cardiovascular fitness.

Cognitive tests

The cognitive performance tests are described in detail
elsewhere (Carlstedt, 2000) and data have been em-
ployed in other studies (Gunnell et al. 2005; Aberg
et al. 2009; Sorberg et al. 2013). Four cognitive tests
were used during the period of assessment covered
by the current study: logical performance test, verbal
test of synonym and opposites, test of visuospatial/
geometric perception, and technical/mechanical skills
including mathematical/physics problems. Results from
all four tests were combined yielding a combined intel-
ligence score, which was regarded as a measure of gen-
eral cognitive performance. Procedures for carrying
out the cognitive tests changed in 1980 (Carlstedst,
2000) but others who have used these conscription
data (Gunnell et al. 2005) as well as our own group
(Aberg et al. 2009) have shown that the procedural
alteration did not affect the associations examined.
Test results were standardized against data from
previous years to give scores from 1 (low) to 9 (high)
with a Gaussian/normal distribution for each of the
five scores: combined intelligence, logical, verbal,
visuospatial, and technical/physics scores. The stan-
dardization to a nine-point ‘stanine’ scale provided
long-term stability of the datasets. Before 1996 raw
data were not electronically recorded and only stanine
scores could be accessed for statistical analysis.

Diagnoses recorded at conscription

Conscripts were assessed by psychologists and phys-
icians during the conscription examination. Those
(n=69609) who met criteria for previous or ongoing
psychiatric disorders [International Classification of
Diseases (ICD)-8 and -9 codes 290-319; ICD-10 codes
FO0-F99; all mental and behavioural disorders] were
excluded from the current analyses.
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Table 1. Numbers of male conscripts with hospital record of suicide attempt or suicide death without previous attempt during up to 42 years

of follow-up by method-specific ICD codes®

ICD-8/9 Attempted Completed

Method codes ICD-10 codes suicides, 1 suicides, n
All E950-E959 X60-X84 12563 4814
Poisoning by solid or liquid E950 X60-X65, X68-X69 10057 747

substances
Sharp object E956 X78 1088 110
Other poisoning E951-E952 X66-X67 328 676
Hanging, strangulation E953 X70 420 1806

and suffocation
Jumping from high place E957 X80 286 182
Firearms and explosives E955 X72-X75 121 827
Drowning and submersion E954 X71 63 139
Other E958-E959 X76-X77, X79, X81-X84 373 638

ICD, International Classification of Diseases.

“For persons with repeat behaviours, only first episodes are shown.

Outcomes
Suicide attempt

Attempted suicide diagnoses were obtained from the
Swedish National Hospital Discharge Register, which
is maintained at the National Board of Health and
Welfare. The Swedish National Hospital Discharge
Register covers virtually all in-patient care for psy-
chiatric disorders since 1964. Discharge diagnoses
are coded by the physician in accordance with the
ICD versions 8, 9 or 10 (ICD-8, ICD-9 and ICD-10).
We identified diagnostic codes for first episode of
hospitalization for attempted suicide from 1968 to
31 December 2010. The specific ICD-8, ICD-9 and
ICD-10 codes that were used in the analyses are
shown in Table 1.

Suicide death

Suicide deaths were identified by linkage with the
Cause of Death Register, which is maintained at the
National Board of Health and Welfare. The Swedish
Cause of Death Register, which covers virtually all
deaths since 1961, is annually updated based on
death certificate diagnoses. See Table 1 for specific
ICD-8, ICD-9 and ICD-10 codes.

Covariates from other data sources
LISA

Education and occupation information was obtained

from the longitudinal integration database for
health insurance and labour market studies (Swedish

acronym LISA). The LISA database (http://www.scb.

se/Pages/List____257743.aspx) at Statistics Sweden
was initiated in 1990 and includes all registered resi-
dents aged 16 years and older. The database, which
is annually updated, integrates data from the labour
market, as well as educational and social sectors.
Information on parental education was obtained from
LISA (80% coverage) and was rated in seven levels:
pre-high school education less than 9 years, pre-high
school education 9 years, high school education, col-
lege education (less than 2 years), college education
(2 or more years), postgraduate education and post-
graduate research training.

Multi-Generation Register

Links to the Multi-Generation Register (http://www.
scb.se/Pages/List___257501.aspx; website in Swedish)
at Statistics Sweden enabled the identification of full
brothers.

Statistical analysis

All statistical calculations were performed with SAS
version 8.1 (SAS Institute Inc.,, USA). The follow-up
period began at the date of conscription (baseline)
and subjects were censored at the time of (1) first
suicide attempt or (2) suicide (in cases without prior
attempt) or (3) death from other causes or (4) at the
end of follow-up, i.e. on 31 December 2010 (minimum
5 years and maximum 42 years of follow-up). We used
Cox proportional hazards models to assess the influ-
ence of cardiovascular performance at age 18 years
and potential confounders on the occurrence of first
onset of suicide attempt or suicide death during
the observation period. Cardiovascular fitness scores
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were transformed to stanines that were categorized as
“low’ (stanine score 1-3), ‘medium’ (stanine score 4—6)
and ‘high’ (stanine score 7-9); the ‘high” group was the
reference category. Since cardiovascular fitness was
not normally distributed (see online Supplementary
Table S1), separate analyses were also performed
with ‘low’ cardiovascular fitness as stanine score 1-4,
‘medium’ as stanine score 5-7 and ‘high’ as stanine
score 8-9.

Age was used as the time axis in the Cox model,
thus controlling for age. To assess effects of secular
variation in rates of suicide attempt or suicide death
and differences in conscription procedures over time,
we adjusted for calendar years by stratifying the Cox
model by conscription decade (1960s, 1970s, etc.).

To reduce the risk for possible reverse causation, i.e.
suicidal thoughts affecting performance on the physi-
cal tests, we restricted the analysis to men with no
mental illness at the conscription examination and
no previous episodes of in-patient psychiatric care
in accordance with the National Hospital Register.
To further reduce baseline misclassification, we per-
formed separate analyses excluding incident cases
of suicide attempt or suicide death during the year
following the conscription examination.

Because differences
centres could introduce bias, geographical region and

among regions and test
conscription test centres were considered as possible
confounders and were adjusted for.

Adjustment for the continuous variables BMI and
height were performed. Education levels for each
parent were included as confounders (Nock et al.
2013). Also adjustment for cognitive performance at
conscription was performed.

To further assess potential effects of familial factors,
subanalyses were performed within full brother pairs
of conscripts. We used the Cox’s proportional hazards
model adjusting for the above-listed confounders
including also suicide attempt or suicide death in one
or more male siblings as an additional explanatory
variable. This inclusion was independent of temporal
relation to the brother’s suicidal behaviour within the
observation period.

The fact that the study spans a long time could have
made an impact on our results due to latency of effect.
To study how follow-up time affected the associations,
separate analyses were performed with the follow-up
times: 1-10, 11-20, 21-30 and 31-42 years.

Separate Cox models were performed to assess the
influence of cardiovascular performance and potential
confounders on the occurrence of suicide death during
the observation period.

In a final set of analyses focusing on the suicidal
behaviour outcome, we looked specifically at inter-
actions involving both cardiovascular and cognitive

performance data, first by stratifying by level of cog-
nitive performance and second by combining low,
medium and high performance in nine separate
groups; the high cardiovascular/high cognitive per-
formance group was the reference category.

Due to the large number of observations, the
p values were very small [in all analyses when the
95% confidence interval (CI) was separated from
1 the p values were <0.0001]. Therefore p values are
not reported and the risk for type I errors is considered
very low.

Results

Our analyses are based on the 1136527 mentally
healthy conscripts with no prior history of attempted
suicide and with complete information from military
conscription. At least one suicide attempt was regis-
tered for 12563 individuals during the observation
period (Table 1). Suicide was the cause of death for
a total of 5857 of the men in the cohort; 4814 of
these had no previous registration of attempted
suicide. In all, there were 17377 cases with first onset
of suicide attempt or suicide death during the obser-
vation period, corresponding to 1.53% of the total
sample. The mean time from assessment of cardio-
vascular fitness at age 18 years to the first admission
for attempted suicide was 14.1 years. For those with
no previous attempt, the mean time from the evalu-
ation and death by suicide was 15.5 years. Numbers
with first onset of suicide attempt or suicide death
are shown by level of follow-up time in online
Supplementary Fig. S1.

Cardiovascular fitness at age 18 years and future
suicide attempt or suicide

Numbers and proportions with suicide attempt or sui-
cide death during the observation period are shown
by level of cardiovascular fitness at age 18 years in
online Supplementary Table S1. Poor performance on
the cardiovascular fitness test was associated with
an increased risk for suicide attempt/death (Table 2).
We found an inverse relationship with the highest
hazard ratios (HRs) for suicidal behaviour in the low
cardiovascular fitness group (stanine score 1-3). The
strength of the associations changed little in models
that controlled for calendar year, BMI, conscription
test centre, parental education and height. How-
ever, the HR in the low cardiovascular fitness group
was attenuated by 29% [the relative change between
HRs 2.23 and 1.87 calculated as (HRynagj — HRagj)/
(HRunadj -
formance at conscription. Data were reanalysed using

1.0)] when controlling for cognitive per-

a different categorization of cardiovascular fitness
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Table 2. Risk for suicide attempt/death in relation to cardiovascular fitness in a national cohort of 18-year-old male conscripts (n=1136527)

Age-adjusted Adjusted 1°

Adjusted 2 Adjusted 3 Adjusted 4

Suicidal behaviour®? (n=17377)
Cardiovascular fitness
Low* 2.16 (2.02-2.30)
Medium? 1.55 (1.50-1.60)

Depression excluded and 1 year latency time"
Suicidal behaviour? (1=14029)
Cardiovascular fitness
Low* 2.16 (2.02-2.32)
Medium? 1.54 (1.49-1.60)

Conscripts with brothers only!
Suicidal behaviour® (1=4607)
Cardiovascular fitness
Low* 1.98 (1.74-2.26)
Medium* 1.53 (1.44-1.63)
Brother™ 3.25 (2.85-3.71)

2.14 (2.00-2.28)
1.55 (1.50-1.60)

2.15 (2.00-2.31)
1.55 (1.50-1.61)

1.96 (1.72-2.24)
1.52 (1.43-1.62)
3.26 (2.86-3.72)

2.23 (2.06-2.43)°
1.56 (1.50-1.63)°

1.87 (1.72-2.04)
1.43 (1.37-1.49)

1.79 (1.64-1.94)8
1.39 (1.33-1.45)8

2.23 (2.03-2.45)°
1.56 (1.49-1.64)°

1.86 (1.70-2.05)"
1.43 (1.36-1.50)"

1.76 (1.61-1.94)8
1.38 (1.32-1.45)8

1.99 (1.74-2.27)
1.52 (1.43-1.62)
3.26 (2.85-3.72)

1.58 (1.38-1.80)
1.35 (1.26-1.44)"
3.01 (2.63-3.43)«

1.51 (1.32-1.73)
1.31 (1.23-1.40)"
2.99 (2.62-3.42)"

Data are given as hazard ratio (95% confidence interval).
@ With age-adjusted and fully adjusted models.

P Suicide attempt/death.

¢ Adjusted for calendar year, body mass index.

9 Reference category: high.

¢ Adjusted for calendar year, body mass index, conscription test centre, parental education.

f Adjusted for calendar year, body mass index, conscription test centre, parental education, intelligence quotient.

& Adjusted for calendar year, body mass index, conscription test centre, parental education, intelligence quotient, height.

h Subanalyses after exclusion of conscripts (1=3348) with in-patient depression preceding or coinciding with the suicidal

behaviour and with a latency time for suicide attempt/death within 1 year after conscription examination.
Subanalyses for conscripts (1=336055) with one or more full-brothers. Suicide attempt/death in one or more brother

included in the model as an additional explanatory variable.

J Adjusted for calendar year, body mass index, conscription test centre.
* Adjusted for calendar year, body mass index, conscription test centre, intelligence quotient.
IAdjus’ted for calendar year, body mass index, conscription test centre, intelligence quotient, height.

™ One or more brothers with suicidal behaviour.

(see Statistical analysis) and this procedure yielded
similar HRs (results not shown). Therefore, stanine
score 1-3 was used as ‘low’, stanine score 4-6 as ‘me-
dium’ and stanine score 7-9 as ‘high’ cardiovascular
fitness in all following analyses.

Separate analyses excluding individuals with in-
patient treatment for depression preceding or coincid-
ing with the first onset of suicide attempt or suicide
death and excluding incident cases of suicide attempt
or suicide death during the year following the con-
scription examination (i.e. a latency time of 1 year)
yielded similar results.

In the total cohort there were 336055 subjects with
one or more full-brothers. While having one or more
brothers with suicide attempt or suicide death was
associated with a threefold increased risk of future
suicidal behaviour, both low and medium cardio-
vascular fitness remained significant predictors in the
model.

Three ICD versions were utilized during the long
observation period. As this might affect results, we car-
ried out separate analyses for each ICD system. These
analyses showed similar associations between cardio-
vascular fitness and future suicidal behaviour but
with twofold higher HRs within the ICD-10 compared
with ICD-8/9. In order to see if there were changes in
the effect size with greater follow-up time, subgroups
were created for 10-year periods with respect to con-
scription year and length of follow-up. Higher HRs
were observed closer to baseline within the same
ICD version (Table 3).

There may be systematic differences between indi-
viduals who attempted suicide and those who com-
mitted suicide. Therefore, we performed separate
analyses including only suicide death with or without
previous suicide attempt as outcome (12=5857). In fully
adjusted models poor performance on the cardio-
vascular fitness test was not associated with an
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Table 3. Risk for suicide attempt/death in relation to cardiovascular fitness at age 18 years by 10-year follow-up periods in male conscripts

(n=1136527)

Follow-up period

Conscription Cardiovascular 1969-1978 1979-1988 1989-1998 1999-2010
year fitness (ICD-8) (ICD-8/9) (ICD-9/10) (ICD-10)
1968-1977 (n=770) (n=2085) (n=2064) (n=2263)
Low?® 2.32 (1.74-3.10) 1.72 (1.42-2.09) 2.03 (1.69-2.44) 1.76 (1.46-2.10)
Medium? 1.69 (1.45-1.98) 1.48 (1.35-1.62) 1.40 (1.28-1.54) 1.35 (1.23-1.47)
1978-1987 (n=1253) (n=2371) (n=2402)
Low? 2.29 (1.84-2.86) 2.48 (2.10-2.94) 2.11 (1.78-2.50)
Medium? 1.32 (1.16-1.49) 1.67 (1.52-1.83) 1.65 (1.50-1.80)
1988-1997 (n=1319) (n=2194)
Low? 3.29 (2.444.44) 3.62 (2.90-4.52)
Medium? 1.93 (1.69-2.21) 1.99 (1.79-2.21)

Data are given as hazard ratio (95% confidence interval). Adjusted for calendar year, body mass index, conscription test

centre.
ICD, International Classification of Diseases.
? Reference category: high.

increased risk for suicide death (HR 0.96, 95% CI
0.80-1.15). Separate analyses excluding individuals
with in-patient treatment for depression preceding
or coinciding with suicide death and excluding inci-
dent cases of suicide death during the year following
the conscription examination (i.e. a latency time of
1 year) yielded similar results.

Relationships between physical and cognitive
performance at age 18 years and future suicidal
behaviour

In the final set of analyses, we wanted to study inter-
actions between cardiovascular fitness and cognitive
performance and future risk of suicidal behaviour.
Supplemental data regarding the relationship between
cognitive performance and suicide attempt or suicide
death are presented in online Supplementary Tables
S1 and S2.

Table 4 shows that low and medium (compared
with high) cardiovascular fitness was associated with
an increased risk of future suicidal behaviour when
stratified for ‘low’, ‘medium” and ‘high’ cognitive per-
formance. It demonstrates the lack of an interaction
between cardiovascular fitness and cognitive per-
formance. This indicates that cardiovascular fitness is
an important predictor for later suicidal behaviour
independent of cognitive performance.

Subsequently nine separate groups were created
by combining ‘low’, ‘medium” and ‘high” performance;
the ‘high” cardiovascular/'high’ cognitive performance

group was the reference category (online
Supplementary Table S3 and Fig. 1). Poor performance
(category ‘low”) on both the cognitive and cardiovascu-
lar fitness tests was associated with a fivefold increased
risk of attempted suicide/death by suicide. Having
high cardiovascular fitness but low cognitive perform-
ance reduced the risk to threefold. Although cognitive
performance seems to have a larger effect on later
suicidal risk than cardiovascular fitness per se, a high
cardiovascular fitness (compared with low) reduced
future risk of suicidal behaviour in all cognitive
performance levels.

Discussion

In this national cohort study, we demonstrate that low
cardiovascular fitness in early adulthood is associated
with a twofold increased risk of suicidal behaviour
during up to 42 years of follow-up. Relationships
followed a dose-response pattern. Associations were
only slightly attenuated after controlling for a number
of possible covariates including serious depression.
The associations between cardiovascular fitness and
later suicidal risk were attenuated by 29% after control-
ling for cognitive performance. The combination of low
cardiovascular fitness and low cognitive performance
resulted in a fivefold increase in later risk of suicide
attempt or suicide death.

The present study is a prospective study with a
national population-based cohort of over a million
individuals, objective measures of both cardiovascular
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Table 4. Risk for suicide attempt/death in relation to cardiovascular fitness by cognitive performance (intelligence quotient) at age 18 years in

male conscripts (n=1136527)

Stratified for
intelligence
quotient

Suicidal behaviour®

(n=17377) Age-adjusted

Adjusted 1°

Adjusted 2°

Adjusted 3¢

Cardiovascular fitness

Low® Low 1.74 (1.58-1.93)
Medium® 1.41 (1.32-1.50)
Low® Medium 1.84 (1.67-2.01)
Medium® 1.42 (1.36-1.49)
Low® High 1.70 (1.37-2.10)
Medium® 1.32 (1.22-1.43)

1.68 (1.51-1.86)
1.35 (1.26-1.44)
1.80 (1.64-1.97)
1.42 (1.36-1.48)
1.65 (1.33-2.04)
1.33 (1.22-1.44)

1.92 (1.69-2.19)
1.40 (1.29-1.51)
1.85 (1.63-2.09)
1.47 (1.39-1.56)
1.74 (1.31-2.31)
1.34 (1.21-1.49)

1.84 (1.62-2.10)
1.36 (1.25-1.47)
1.76 (1.55-2.00)
1.43 (1.35-1.52)
1.61 (1.21-2.14)
1.29 (1.16-1.43)

Data are given as hazard ratio (95% confidence interval).
?Suicide attempt/death.
b Adjusted for calendar year, body mass index.

¢ Adjusted for calendar year, body mass index, conscription test centre, parental education.
4 Adjusted for calendar year, body mass index, conscription test centre, parental education, height.

¢ Reference category: high.

61 O Low cognitive performance
W Medium cognitive performance
5 O High cognitive performance
9 4
B
2
< 3
N
©
T
2
14

Low Medium High
cardiovascular cardiovascular cardiovascular
fitness fitness fitness

Fig. 1. Risk for suicidal behaviour for 18-year-old male
conscripts (n=1136527) with different levels of cognitive
performance, shown by level of cardiovascular fitness.
All values are from fully adjusted models in online
Supplementary Table S3 (Depression excluded and 1 year
latency time section). Data are hazard ratios, with 95%
confidence intervals represented by vertical bars.

fitness and cognitive performance, and a long follow-
up time. The Swedish National Hospital Discharge
Register enables us to cover virtually all in-patient
care for suicide attempts during 42 years. Similarly,
the Swedish Cause of Death Register covers all con-
firmed suicides during these years.

As the use of three separate ICD systems might
affect results, we carried out separate analyses for
each ICD version (8/9/10). Indeed, the associations

between cardiovascular fitness and suicidal behaviour
differed depending on which ICD version was used.
Specifically, higher HRs were observed within the
ICD-10. We have previously reported the same
phenomenon for other associations (Aberg et al.
2012). While this may be an artifact it could also
reflect a true secular variation that might be related
to differences in diagnosis rate or treatment regimens
over time. Also, while ICD-8 and ICD-9 are considered
to be very similar, the ICD-10 is somewhat different.
Clinical diagnoses are more clear and specific in this
later version. More specific diagnoses would be ex-
pected to yield higher HRs.

An additional strength of this study is the reliance on
psychologists and physicians for baseline assessment
of mental health history, allowing us to exclude indi-
viduals with pre-existing psychiatric disorders, thereby
reducing the risk of reverse causation. Also by includ-
ing parental educational level as a confounder and
by performing subanalyses within full-brother pairs,
many early childhood risk factors could be accounted
for, including genetics and parental treatment and
upbringing.

However, there are also drawbacks of the current
design. Data on cardiovascular fitness were available
at baseline only. The incidence of attempted suicide
is underestimated, as some do not seek hospital care
in connection with a suicide attempt. Similarly, some
actual suicides may have been categorized as deaths
of uncertain cause.

Although we could adjust for parental education
and suicidal behaviour in brothers we were not able
to adjust for specific early developmental influences
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such as childhood psychiatric problems which did not
require in-patient care or parental death that may have
2009;
Kuramoto et al. 2013). Further, although the conscripts

affected the associations (Sourander ef al.

underwent extensive examinations by psychologists,
subsyndromal states that might have affected the
future risk of suicidal behaviour may have been
missed, and some may have opted not to tell about pre-
vious episodes of suicidal behaviour. Suicide attempts
are common in youth, with accumulated prevalence
figures as high as 1% in Swedish and 2% in American
male teens up to the age of 18 years (Zetterqvist et al.
2012; Nock et al. 2013). Conscripts who neglected to
report previous suicide attempts or episodes of mental
ill-health would be inappropriately included in our
study if they had no previous record of psychiatric
hospitalization. Results from our study cannot be
directly extrapolated to women or to other settings,
as patterns of suicidal behaviour differ between men
and women and among different cultures (Nock et al.
2008, 2013).

There are possible confounders that may increase
risk for both poor fitness and suicide attempt or sui-
cide death. A couple of cross-sectional epidemiological
studies have documented an association between
self-reported sedentary life-style in adolescence and
suicidal behaviour (Brown & Blanton, 2002; Babiss &
Gangwisch, 2009). They conclude that self-esteem
and social support are important mediators of the
relationships between sports participation and suicidal
ideation. We were not able to control for self-esteem,
personality and socio-environmental circumstances at
the time of conscription/later in the life course that
may have affected the associations.

Biological risk factors associated with major de-
pression contribute to the aetiology of suicidal behav-
iour (Coryell, 2006). Several cross-sectional and a few
prospective epidemiological studies have documented
an association between self-reported sedentary life-
style and depression (Farmer et al. 1988; Buckworth
& Dishman, 2002; Strawbridge et al. 2002; Harvey
et al. 2010). Therefore, a possible explanation for the
association between cardiovascular fitness in young
adulthood and suicidal behaviour later in life could
be mediated via a protective effect of physical fitness
on depression. Depression is indeed an important
risk factor for suicidal behaviour; however, it is some-
what less salient at younger ages (Hunt et al. 2006).
This paper focuses on first episode of suicidal behav-
iour, which in many cases occurred at a relatively
young age, a time of life when depression might play
a less prominent role in suicide-related outcomes.
The association with cardiovascular fitness remained
after exclusion of individuals with in-patient de-
pression preceding or coinciding with the first episode

of suicidal behaviour. Further, the association between
cardiovascular fitness and suicidal behaviour appeared
to be connected to suicide attempt in our study; associ-
ations with suicide death were not significant. If
depression had been the main mediator of the associ-
ation we would have expected to find larger HRs for
death by suicide than for the combined suicide
attempt/suicide death outcome as those who die by
suicide would be more likely to be depressed than
those with non-fatal attempts. Taken together, our
findings suggest that the reduced risk for future
suicidal behaviour observed in those with better car-
diovascular performance at the age of 18 years might
in part be attributed to a mechanism other than a pro-
tective effect of physical fitness on depression. There
are data at the molecular biological level indicating
that the increased susceptibility of certain individuals
towards suicidal behaviour stems from disruptions in
the hypothalamic—pituitary—adrenal axis (Wasserman
et al. 2010) and expression of brain-derived neuro-
trophic factor (BDNF) (Dwivedi, 2009), which may be
independent of depression. Interestingly, these dis-
ruptions are positively affected by physical exercise
(Zheng et al. 2006; Griffin et al. 2011) and one may
speculate that physical exercise in young adulthood
could contribute to an increased brain reserve capacity
(Nithianantharajah & Hannan, 2009) which might
reduce the risk of suicidal behaviour in times of dis-
tress. One mechanism underlying these effects of exer-
cise on brain function could be the robust increase in
the generation of new neurons in the adult hippo-
campus (van Praag et al. 1999; Brown et al. 2003).
There is emerging evidence of the possible involve-
ment of hippocampal neurogenesis in mediating the
beneficial effects of physical exercise on counteracting
stress (Yau ef al. 2011).

Both physical fitness and cognitive performance in
late adolescence seem to be important predictors for
later suicidal behaviour. We found that cardiovascular
fitness was associated with future suicidal risk inde-
pendently of cognitive performance. At the individual
level it may be difficult to change cognitive perform-
ance; however, cardiovascular performance is possible
to improve. A greater understanding of the mechan-
isms underlying these associations including com-
plex bidirectional models may provide opportunities
and strategies for prevention (de Jonge & Roest,
2012). While our results cannot be extrapolated to ado-
lescents with previous episodes of mental illness and
suicide attempts, future studies could test the useful-
ness of exercise programmes for these individuals.
Evaluating new strategies could prove to be clinically
important, considering the difficulty of reducing
suicidal behaviours among young people (Gibbons
et al. 2012).



Cardiovascular fitness in early adulthood and future suicidal behaviour 787

Supplementary material

For supplementary material accompanying this paper,
please visit http://dx.doi.org/10.1017/50033291713001207.

Acknowledgements

This study was supported by grants from the Martha
Lundqvists Stiftelse, the Swedish Research Council
for Worklife and Social Science (FAS), the Swedish
Research Council and the Swedish government under
the LUA/ALF agreement for biomedical research. The
authors thank Dr Tommy Johnson for statistical help
and advice.

Declaration of Interest

None.

References

Aberg MA, Pedersen NL, Torén K, Svartengren M,
Bickstrand B, Johnsson T, Cooper-Kuhn CM, Aberg ND,
Nilsson M, Kuhn HG (2009). Cardiovascular fitness is
associated with cognition in young adulthood. Proceedings
of the National Academy of Sciences USA 106, 20906-20911.

Aberg MA, Waern M, Nyberg ], Pedersen NL, Bergh Y,
Aberg ND, Nilsson M, Kuhn HG, Torén K (2012).
Cardiovascular fitness in males at age 18 and risk of serious
depression in adulthood: Swedish prospective
population-based study. British Journal of Psychiatry 201,
352-359.

Andres AR, Collings S, Qin P (2010). Sex-specific impact of
socio-economic factors on suicide risk: a population-based
case—control study in Denmark. European Journal of Public
Health 20, 265-270.

Babiss LA, Gangwisch JE (2009). Sports participation as a
protective factor against depression and suicidal ideation in
adolescents as mediated by self-esteem and social support.
Journal of Developmental and Behavioral Pediatrics 30, 376-384.

Batty GD, Whitley E, Deary IJ, Gale CR, Tynelius P,
Rasmussen F (20104). Psychosis alters association between
IQ and future risk of attempted suicide: cohort study of
1,109,475 Swedish men. British Medical Journal 340, c2506.

Batty GD, Whitley E, Kivimaki M, Tynelius P, Rasmussen F
(2010b). Body mass index and attempted suicide: cohort
study of 1,133,019 Swedish men. American Journal of
Epidemiology 172, 890-899.

Brown DR, Blanton CJ (2002). Physical activity, sports
participation, and suicidal behavior among college
students. Medicine and Science in Sports and Exercise 34,
1087-1096.

Brown J, Cooper-Kuhn CM, Kempermann G, van Praag H,
Winkler J, Gage FH, Kuhn HG (2003). Enriched
environment and physical activity stimulate hippocampal
but not olfactory bulb neurogenesis. European Journal of
Neuroscience 17, 2042-2046.

Bruffaerts R, Demyttenaere K, Borges G, Haro JM,

Chiu WT, Hwang I, Karam EG, Kessler RC, Sampson N,
Alonso J, Andrade LH, Angermeyer M, Benjet C, Bromet
E, de Girolamo G, de Graaf R, Florescu S, Gureje O,
Horiguchi I, Hu C, Kovess V, Levinson D, Posada-Villa J,
Sagar R, Scott K, Tsang A, Vassilev SM, Williams DR,
Nock MK (2010). Childhood adversities as risk factors for
onset and persistence of suicidal behaviour. British Journal of
Psychiatry 197, 20-27.

Buckworth J, Dishman RK (2002). Exercise Psychology.
Human Kinetics: Champaign, IL.

Carlstedt B (2000). Cognitive abilities — aspects of structure,
process and measurement. Thesis, University of
Gothenburg.

Coryell WH (2006). Clinical assessment of suicide risk in
depressive disorder. CNS Spectrums 11, 455-461.

de Jonge P, Roest AM (2012). Depression and cardiovascular
disease: the end of simple models. British Journal of
Psychiatry 201, 337-338.

Dwivedi Y (2009). Brain-derived neurotrophic factor: role in
depression and suicide. Journal of Neuropsychiatric Disease
and Treatment 5, 433-449.

Farmer ME, Locke BZ, Moscicki EK, Dannenberg AL,
Larson DB, Radloff LS (1988). Physical activity and
depressive symptoms: the NHANES I Epidemiologic
Follow-up Study. American Journal of Epidemiology 128,
1340-1351.

Gibbons RD, Brown CH, Hur K, Davis J, Mann JJ (2012).
Suicidal thoughts and behavior with antidepressant
treatment: reanalysis of the randomized placebo-controlled
studies of fluoxetine and venlafaxine. Archives of General
Psychiatry 69, 580-587.

Gradus JL, Qin P, Lincoln AK, Miller M, Lawler E,
Sorensen HT, Lash TL (2010). Inflammatory bowel
disease and completed suicide in Danish adults.
Inflammatory Bowel Diseases 16, 2158-2161.

Griffin EW, Mullally S, Foley C, Warmington SA,

O’Mara SM, Kelly AM (2011). Aerobic exercise improves
hippocampal function and increases BDNF in the serum of
young adult males. Physiology and Behavior 104, 934-941.

Gunnell D, Magnusson PK, Rasmussen F (2005). Low
intelligence test scores in 18 year old men and risk of
suicide: cohort study. British Medical Journal 330, 167.

Harvey SB, Hotopf M, Overland S, Mykletun A (2010).
Physical activity and common mental disorders. British
Journal of Psychiatry 197, 357-364.

Hunt IM, Kapur N, Robinson J, Shaw J, Flynn S, Bailey H,
Meehan J, Bickley H, Parsons R, Burns J, Amos T,
Appleby L (2006). Suicide within 12 months of mental
health service contact in different age and diagnostic
groups. National clinical survey. British Journal of Psychiatry
188, 135-142.

Jiang GX, Rasmussen F, Wasserman D (1999). Short stature
and poor psychological performance: risk factors for
attempted suicide among Swedish male conscripts.

Acta Psychiatrica Scandinavica 100, 433-440.

Kendal WS, Kendal WM (2012). Comparative risk factors
for accidental and suicidal death in cancer patients.
Crisis 33, 325-334.



788 M. A. L. Aberg et al.

Kinoshita K, Kinoshita Y, Shimodera S, Nishida A, Inoue K,
Watanabe N, Oshima N, Akechi T, Sasaki T, Inoue S,
Furukawa TA, Okazaki Y (2012). Not only body weight
perception but also body mass index is relevant to suicidal
ideation and self-harming behavior in Japanese adolescents.
Journal of Nervous and Mental Disease 200, 305-309.

Kuramoto SJ, Runeson B, Stuart EA, Lichtenstein P, Wilcox
HC (2013). Time to hospitalization for suicide attempt by
the timing of parental suicide during offspring early
development. Archives of General Psychiatry 70, 149-157.

Leon AC, Friedman RA, Sweeney JA, Brown RP, Mann JJ
(1990). Statistical issues in the identification of risk factors
for suicidal behavior: the application of survival analysis.
Psychiatry Research 31, 99-108.

Magnusson PK, Rasmussen F, Lawlor DA, Tynelius P,
Gunnell D (2006). Association of body mass index with
suicide mortality: a prospective cohort study of more than
one million men. American Journal of Epidemiology 163, 1-8.

Niederkrotenthaler T, Floderus B, Alexanderson K,
Rasmussen F, Mittendorfer-Rutz E (2012). Exposure to
parental mortality and markers of morbidity, and the risks
of attempted and completed suicide in offspring: an
analysis of sensitive life periods. Journal of Epidemiology and
Community Health 66, 233-239.

Nithianantharajah J, Hannan AJ (2009). The neurobiology of
brain and cognitive reserve: mental and physical activity as
modulators of brain disorders. Progress in Neurobiology 89,
369-382.

Nock MK, Borges G, Bromet EJ, Cha CB, Kessler RC, Lee S
(2008). Suicide and suicidal behavior. Epidemiologic Reviews
30, 133-154.

Nock MK, Greif Green J, Hwang I, McLaughlin KA,
Sampson NA, Zaslavsky AM, Kessler RC (2013).
Prevalence, correlates, and treatment of lifetime suicidal
behavior among adolescents; results from the National
Comorbidity Survey Replication Adolescent Supplement.
Journal of the American Medical Association Psychiatry 70,
300-310.

Nordesjo LO, Schéle R (1974). Validity of an ergometer cycle
test and measures of isometric muscle strength when
prediction some aspects of military performance. Swedish
Journal of Defence Medicine 10, 11-23.

Pahkala K, Hernelahti M, Heinonen O], Raittinen P,
Hakanen M, Lagstrom H, Viikari JS, Ronnemaa T,
Raitakari OT, Simell O (2013). Body mass index, fitness
and physical activity from childhood through adolescence.
British Journal of Sports Medicine 47, 71-77.

Qin P (2011). The impact of psychiatric illness on suicide:
differences by diagnosis of disorders and by sex and age
of subjects. Journal of Psychiatric Research 45, 1445-1452.

Saitta P, Keehan P, Yousif J, Way BV, Grekin S,
Brancaccio R (2011). An update on the presence of

psychiatric comorbidities in acne patients, Part 2:
Depression, anxiety, and suicide. Cutis 88, 92-97.

Sorberg A, Allebeck P, Melin B, Gunnell D,
Hemmingsson T (2013). Cognitive ability in early
adulthood is associated with later suicide and suicide
attempt: the role of risk factors over the life course.
Psychological Medicine 43, 49-60.

Sourander A, Klomek AB, Niemela S, Haavisto A,
Gyllenberg D, Helenius H, Sillanmaki L, Ristkari T,
Kumpulainen K, Tamminen T, Moilanen I, Piha ],
Almgqvist F, Gould MS (2009). Childhood predictors
of completed and severe suicide attempts: findings from
the Finnish 1981 Birth Cohort Study. Archives of General
Psychiatry 66, 398-406.

Strawbridge W], Deleger S, Roberts RE, Kaplan GA (2002).
Physical activity reduces the risk of subsequent depression
for older adults. American Journal of Epidemiology 156,
328-334.

Tidemalm D, Runeson B, Waern M, Frisell T, Carlstrom E,
Lichtenstein P, Langstrom N (2011). Familial clustering of
suicide risk: a total population study of 11.4 million
individuals. Psychological Medicine 41, 2527-2534.

van Praag H, Kempermann G, Gage FH (1999). Running
increases cell proliferation and neurogenesis in the adult
mouse dentate gyrus. Nature Neuroscience 2, 266-270.

Wasserman D, Wasserman J, Sokolowski M (2010). Genetics
of HPA-axis, depression and suicidality. European Psychiatry
25, 278-280.

Whitley E, Rasmussen F, Tynelius P, Batty GD (2010).
Physical stature and method-specific attempted suicide:
cohort study of one million men. Psychiatry Research 179,
116-118.

WHO (2001). The World Health Report — Mental Health,

New Understanding, New Hope. World Health Organization:
Geneva.

Yau SY, Lau BW, So KF (2011). Adult hippocampal
neurogenesis: a possible way how physical exercise
counteracts stress. Cell Transplantation 20, 99-111.

Yoshimasu K, Kiyohara C, Miyashita K (2008). Suicidal
risk factors and completed suicide: meta-analyses based on
psychological autopsy studies. Environmental Health and
Preventive Medicine 13, 243-256.

Zetterqvist M, Lundh LG, Svedin CG (2012). A comparison
of adolescents engaging in self-injurious behaviors with
and without suicidal intent: self-reported experiences of
adverse life events and trauma symptoms. Journal of Youth
and Adolescence. Published online 5 December 2012.
doi:10.1007/s10964-012-9872-6.

Zheng H, Liu Y, Li W, Yang B, Chen D, Wang X, Jiang Z,
Wang H, Wang Z, Cornelisson G, Halberg F (2006).
Beneficial effects of exercise and its molecular mechanisms
on depression in rats. Behavioural Brain Research 168, 47-55.



	mall_parallellpubl
	S0033291713001207a

