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Abstract

Objectives

To investigate all-cause and cause-specific mortality risks, including deaths from external,
cardiovascular and cancer causes, among deployed Nordic military veterans in comparison to the
general population in each country.

Design
Meta-analysis.

Setting
Denmark, Norway, Finland and Sweden.

Participants

Military veterans deployed between 1990 and 2010 were followed via nationwide registers and
compared with age-sex-calendar-year-specific rates in the general population using pooled
standardised mortality ratios (SMRs).

Main outcomes
All-cause and cause-specific mortality retrieved from each country’s Causes of Death Register,
including deaths from external, cardiovascular and cancer causes.

Results

Among 83 584 veterans 1152 deaths occurred of which 343 were from external causes (including 203
suicides and 129 traffic/transport accidents), 134 from cardiovascular causes and 297 from
neoplasms. Veterans had a lower risk of death from any cause (pooled SMR 0.58, 95%Cl 0.52-0.64),
external causes (0.71, 95%Cl 0.64-0.79), suicide (0.77, 95%Cl 0.67-0.89), cardiovascular causes (0.54,
95%Cl 0.46-0.64), and neoplasms (0.78, 95%Cl 0.70-0.88). There was no difference regarding
traffic/transport accidents for the whole period (1.10, 95%CI 0.75-1.10) but the pooled point
estimate was elevated, though not statistically significant, during the first 5 years (1.17, 95%Cl 0.89-
1.53) but not thereafter (1.01, 95%Cl 0.77-1.34). For all other causes of death, except suicide,
statistically significantly lower risk among veterans was observed both during the first 5 years and
thereafter. For suicide, no difference was observed beyond 5 years. Judged from the country-specific
SMR-estimates, there was a high degree of consistency although statistically significant
heterogeneity was found for all-cause mortality.

Conclusions

Nordic military veterans had lower overall and cause-specific mortality than the general population
for most outcomes, as expected given the pre-deployment selection process. Though uncommon,
fatal traffic/transport accidents were an exception with no difference between deployed military
veterans and the general population.
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Strengths and limitations of this study

e The problem of low statistical power in country-specific analyses of rare mortality outcomes
among deployed military veterans was addressed by combining data from several Nordic
countries

e Using the unique personal identity number of each Nordic resident and linking data to
nationwide registers on mortality outcomes, follow-up was complete regarding mortality

e The generalisability of the results outside the Nordic context may be limited by recruitment
practices, deployment areas, deployment duration, and combat exposure
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Background

The Nordic countries Denmark, Finland, Norway and Sweden have contributed with military
personnel to conflict zones during the last 30 years, primarily to the Balkans in the 1990s and to
Afghanistan between 2002 and 2014. Controversy remains regarding several cause-specific mortality
outcomes among deployed Nordic military veterans, as country-specific analyses are few and may
suffer from insufficient statistical power given the low mortality rates among the relatively young
veteran populations.

Suicide among military veterans has received the most attention, and although country-specific
estimates exist, 1'® no study has been adequately powered to investigate whether the suicide risk
varies over time after return from deployment. Another rare outcome is cancer deaths, where the
risk could be elevated due to, for example, exposure to chemicals or biological agents during
deployment,’ but the number of cases in each country is generally too small to generate meaningful
statistics. There is also uncertainty regarding the risk of fatal traffic accidents, where data from the
US and UK indicate that risks are elevated immediately after return from deployment.10-16

The similarities between the Nordic countries in terms of population, military engagements and
health care systems, as well as access to health data via nationwide registers, offer a unique
opportunity to synthesize data from the different countries in order to, for the first time, pool Nordic
deployed military veterans to address post-deployment outcomes with considerably greater
statistical power than what is achieved by single country studies.

The purpose of this study was to investigate all-cause and cause-specific mortality risks, including
deaths from external, cardiovascular and cancer causes among Nordic military veterans in
comparison to the general population in each country.
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Methods

This is a meta-analysis based on individual data on military veterans and mortality outcomes from
Denmark, Finland, Norway, and Sweden compared to the general population in each country. The
cohorts were created and outcome data collected by linking individual veterans to nationwide
registers by use of the unique personal identity number assigned to each resident in the respective
countries. Estimates for Denmark, Norway and Sweden were derived specifically for this meta-
analysis, while the mortality estimates for Finland were taken from a publication.2 The STROBE
reporting guidelines for cohort studies were used for this study.”

Ethics statement

Regarding the Swedish data, the study was approved by the regional ethics committee at Karolinska
Institutet, Stockholm, Sweden (2012/1439-31/5, 2014/797-32). According to Danish law, studies
based exclusively on register data require no approval by a research ethics committee. Data from
Norway used in this study were analysed in accordance with the regulations and procedures of the
Norwegian Armed Forces Health Registry, which stipulates that approval by the Committee for
Medical Health Research Ethics is not required.

Study population

Nordic military veterans who had served on any international military deployment between 1990
(Finland) or 1992 (Denmark, Norway, Sweden) and 2010 were identified from the Armed Forces
registers of international deployments in each country, resulting in a total cohort of 83 584 veterans.
Calendar year-specific mortality data from the general population in each country, stratified by age
and sex, were retrieved from government statistics.

Follow-up and outcomes

Veterans were followed until death, emigration, or last date of register-based follow-up (December
315t 2016 for Denmark, Norway and Sweden; December 315 2013 for Finland), whichever came first.
The dates and causes of death for the veterans were retrieved from the government agency
managing the Causes of Death Register in each country.

The mortality outcomes were death from any cause, external causes (International Classification of
Diseases 9t and 10 revision [ICD9; ICD10] codes: ICD9: E800-E999; ICD10: V01-Y89), cardiovascular
causes (390-459; 100-199), and from neoplasms (140-239; C00-D48). The specific external causes
suicide (E950-E959, E980-E989; X60-X84, Y10-Y34, Y87.0) and traffic/transport accidents (ES00-E849;
V01-V99, Y85) were also analysed. Finnish data were available only for the outcomes death from any
cause, suicide and traffic/transport accidents.

Statistical analysis

The mortality outcomes among deployed military veterans were compared to the general population
in each country using age-, sex- and calendar year-specific data to estimate standardised mortality
ratios (SMRs). The SMR in each cause of death category and for each country was calculated as the
ratio of the observed number and expected number of deaths. The cause of death-specific expected
number of deaths in each sex, age (5-year age bands) and calendar year stratum was calculated by
multiplying the number of person-years in that stratum by the cause of death specific mortality rate
in the control population in the respective stratum. The 95% confidence intervals (95%Cl) were
estimated assuming a Poisson distribution of the observed number of deaths.

Country-specific SMRs for each outcome in veterans compared to the general population were
pooled using inverse variance-weighted random effects meta-analyses. The analyses were performed

5

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 6 of 25


http://bmjopen.bmj.com/

Page 7 of 25

oNOYTULT D WN =

BMJ Open

for the whole follow-up period, as well as separately for less or equal to 5 years and more than 5
years after return from deployment. Heterogeneity between countries was assessed using the /?
statistic.'®

Data were analysed using SAS version 9.4 (SAS Institute) and Stata version 13.0.

Patient and Public Involvement
No patient involved.
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Results

Cohort characteristics

A total of 83 584 deployed Nordic military veterans were included (Table 1). The mean age at
deployment was 27 years and men represented 95% in the pooled cohort. Danish and Swedish
veterans had similar mean deployment duration of 6 months while Norwegians had a mean of 4
months. The areas of operation for military deployment are shown in Figure 1 for Denmark, Norway
and Sweden.

All-cause mortality

During follow-up, 1152 military veterans died (Denmark n=394; Finland n=212; Norway n=412;
Sweden n=134). Deployed military veterans had lower mortality than the general population over the
full study period (pooled SMR 0.58, 95%Cl 0.52-0.64), during the first 5 years (0.50, 95%Cl 0.41-0.60)
and beyond 5 years after returning from deployment (0.61, 95%Cl 0.56-0.67; Figure 2).

External cause mortality

Among military veterans from Denmark, Norway and Sweden there were a total of 343 deaths from
external causes, while data from Finland were not available. The pooled SMR for the whole study
period was 0.71 (95%Cl 0.64-0.79; Figure 3). The pooled SMR for the first 5 years (0.70, 95%Cl 0.55-
0.91) was similar to the pooled SMR for follow-up beyond 5 years after returning from deployment
(0.72, 95%Cl 0.63-0.82).

Death by suicide

Based on 203 suicides, all 4 countries showed lower risk estimates among veterans than the general
population resulting in a pooled SMR of 0.77 (95%Cl 0.67-0.89; Figure 3). During the first 5 years after
returning from deployment there were 39 suicides resulting in a pooled SMR of 0.56 (95%Cl 0.41-
0.78). Beyond 5 years there were 111 suicides with no statistically significant difference versus the
general population (pooled SMR 0.91, 95%Cl 0.75-1.10).

Fatal traffic/transport accidents

With a total of 129 fatal traffic/transport accidents, no statistically significant difference was
observed between veterans and the general population (pooled SMR 1.10, 95%Cl 0.92-1.31; Figure
3). The small risk increases were driven by accidents during the first 5 years following end of
deployment, with point estimates of about 1.30 for Norwegian and Swedish, but not Danish veterans
(data for Finnish veterans were not available) but the pooled SMR was not statistically significant
(1.17, 95%CI 0.89-1.53). Beyond 5 years after return from deployment, the pooled point estimate
was near the null (pooled SMR 1.01, 95%Cl 0.77-1.34).

Cardiovascular deaths & fatal neoplasms

A total of 134 cardiovascular deaths occurred among the veterans resulting in a pooled SMR of 0.54
(95%CI 0.46-0.64; Figure 4). The lower risk for the veterans was especially pronounced during the
first 5 years (0.33, 95%Cl 0.18-0.61) but remained lower also beyond 5 years (0.61, 95%Cl 0.51-0.74).

There were 297 deaths among the veterans due to neoplasms resulting in a pooled SMR of 0.78
(95%CI 0.70-0.88; Figure 4). As for cardiovascular deaths, the lower risk was especially pronounced
during the first 5 years (0.50, 95%CI 0.37-0.68) but remained lower also beyond 5 years (0.86, 95%ClI
0.76-0.97).
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Heterogeneity
The statistical power for analysing heterogeneity was high for all-cause mortality but low for the
cause-specific mortality outcomes.

For all-cause mortality the 12 was 73% for the whole study period (P=0.01). The heterogeneity
reflected the high precision of the estimates, rather than major numerical differences in country-
specific SMRs, which ranged from 0.55 to 0.64. For the first 5 years the /> was 66% (P=0.03) with the
estimate for Denmark at 0.40 (95%Cl 0.33-0.45) while the other countries had SMRs higher than
0.50. Beyond 5 years the I? was 36% (P=0.20) and country-specific estimates ranged from 0.55 to
0.66.

For the cause-specific analyses the I? estimate was 0% for all outcomes for the whole time period as
well as beyond 5 years of follow-up. During the first 5 years estimates were also 0%, except that the
1> was 47% (P=0.15) for external cause mortality and 27% (P=0.26) for cardiovascular mortality.
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Discussion

Main findings

In this study of 83 584 deployed Nordic military veterans followed for up to 25 years, veterans had
lower mortality compared with the general population. For the whole follow-up period as well as the
first 5 years after return from deployment, the pooled SMRs were lower for death from any cause, as
well as for external causes, suicide, cardiovascular causes and neoplasms, while no statistically
significant difference was found for fatal traffic/transport accidents. Beyond 5 years, no differences
were found for suicide or fatal/traffic transport accidents. Judged from the SMR estimates for each
country, there was a high degree of consistency although statistically significant heterogeneity was
found for all-cause mortality due to the large sample size, resulting in high precision.

Previous research

Lower all-cause mortality among veterans compared to the general population is a typical finding in
this field given the physical and mental health screening prior to military deployment, a selection bias
referred to as “the healthy soldier effect.”°?! For Swedish veterans, we have previously shown that
when accounting for differences in, for example, cognitive ability, psychological evaluation test
scores and pre-deployment mental health, there is no difference in either suicide or all-cause
mortality between deployed military veterans and non-deployed tightly matched comparators.®

Although reporting a lower overall mortality among veterans in comparison to civilian or non-
deployed military control groups, several major studies investigating US and British veterans from the
Vietnam War and Gulf War have found increased cause-specific mortality risks among these veterans
from external causes, mainly death by suicide and motor vehicle accidents, during the first years
following deployment.1%16 The Nordic veterans in the present study had lower risk than the general
population for all outcomes during the first 5 years, except for fatal traffic/transport accidents where
no difference was found. The point estimate indicated a potentially elevated risk although it was
based on merely 56 deaths and the effect estimate was 1.17. This outcome will require further
investigation when also accounting for the healthy soldier effect and including non-fatal accidents, as
a potentially increased risk may reflect higher degrees of risk-taking behaviour after military
deployment.?? Another explanation could be that the intention of some of these accidents were in
fact suicide. However, it must also be remembered that fatal traffic/transport accidents were
uncommon, with a total of 129 events over the whole period despite pooling approximately 20 years
of deployments from the four Nordic countries, and following more than 80 000 veterans for up to
25 years.

Implications

Mortality in Nordic deployed military veterans does not appear to be a public health problem,
neither during the first 5 years after return from deployment nor thereafter, as their death rates
were lower than the rates in the general population. However, deployed Nordic military veterans are
a group that have gone through physical and mental health tests resulting in them having a better
pre-deployment prognosis than the general population as a whole. Therefor more research is needed
on specific mortality outcomes, especially fatal traffic and transport accidents, when also accounting
for these baseline differences. In the meantime, veterans returning from deployment could be
informed about the potential risk elevation for traffic/transport accidents, however small, and a
discussion about risk-taking behaviour may be warranted prior to discharge.
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Strengths and limitations

The main strength of this study was the combination of data from Denmark, Finland, Norway and
Sweden including deployments spanning two decades and including up to 25 years follow-up using
nationwide registers resulting in virtually no losses to follow-up. This provided more statistical power
than country-specific studies, where estimates on the national level would have been associated with
more uncertainty. We also designed the study so that each country used a similar study deployment
period, follow-up time, and type of outcome ascertainment mechanism, resulting in greater similarity
between countries than is often the case in meta-analyses combining only published estimates. By
doing this, major areas of operation for each country were similar, although Denmark and Norway
included deployments to Iraq while this was not the case for Sweden and Finland.

Despite the size of the study and the length of follow-up, estimates regarding fatal traffic/transport
accidents were imprecise. Future studies could be expanded by also including non-fatal
traffic/transport accidents to gain power, but still reflect the same underlying mechanism. Further,
this study compared deployed military veterans with the general population of the same age and sex
to assess whether any of the investigated types of post-deployment mortality could be of public
health concern. However, in order to approach causal interpretation of the effect of military
deployment on mortality, the healthy soldier effect must be addressed by carefully accounting for
pre-deployment differences in mental and physical health, as well as psychological resources. Finally,
the generalisability outside the Nordic context may be limited by recruitment practices, deployment
areas, deployment duration, and combat exposure.

Conclusions

Nordic military veterans were found to have lower mortality after deployment compared to the
general population, as expected given the selection process preceding military deployment. Though
uncommon, fatal traffic/transport accidents during the first years following return from deployment,
was an exception with point estimates indicating higher rather than lower risk. This warrants further
investigation.
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Table 1 Participant characteristics of deployed Nordic military veterans

Denmark Finland? Norway Sweden

Number of participants 27 442 15002 23422 17 718
Deployment years 1992-2010 1990-2010 1992-2010 1992-2010
Age at first deployment (years)

Mean (standard deviation) 27.9 (8.6) Not reported 27..3(8.0) 26.7 (6.5)

Median (interquartile range) 24.2 (22.1-30.3) Not reported 245 (-) 24.5(22.1-28.7)

Range 18-66 Not reported 18.2-65.5 19.0-58.3
Sex

Men, n (%) 26 011 (95%) 14 584 (97%) 22 004 (94%) 17 216 (97%)

Women, n (%) 1431 (5%) 418 (3%) 1418 (6%) 502 (3%)
Deployment duration for all deployments (months)

Mean (standard deviation) 5.6 (1.98) Not reported 3.9(2.9) 6.0 (2.0)

Median (interquartile range) 6.1(5.7-6.1) Not reported 3.5(-) 6.1 (5.7-6.8)

Range 0.2-49.7 Not reported 0.03-39.5 0.03-30.3

2 Data from the publication by Laukkala et al?
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Figure 1 Number of deployments by year and region in Denmark (top panel), Norway (middle panel)
and Sweden (bottom panel) between 1992 and 2010. No data were reported for Finland.

Figure 2 Forest plot of all-cause mortality in military veterans from Denmark, Finland, Norway and
Sweden compared to the general population

Figure 3 Forest plot of external cause mortality overall (left), suicide (middle) and fatal
traffic/transport accidents (right) in military veterans from Denmark, Finland, Norway and Sweden
compared to the general population

2NA = Not available

Figure 4 Forest plot of cardiovascular deaths (left) and fatal neoplasms (right)
in military veterans from Denmark, Norway and Sweden compared to the general population

2NA = Not available
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36 Figure 1 Number of deployments by year and region in Denmark (top panel), Norway (middle panel) and
37 Sweden (bottom panel) between 1992 and 2010. No data were reported for Finland.
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Figure 2 Forest plot of all-cause mortality in military veterans from Denmark, Finland, Norway and Sweden
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Reporting checklist for cohort study.
Based on the STROBE cohort guidelines.

Instructions to authors

Complete this checklist by entering the page numbers from your manuscript where readers will find

each of the items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to
include the missing information. If you are certain that an item does not apply, please write "n/a" and

provide a short explanation.
Upload your completed checklist as an extra file when you submit to a journal.

In your methods section, say that you used the STROBE cohortreporting guidelines, and cite them

as.

von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. The Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines for

reporting observational studies.

Reporting Item Page Number

Title and abstract 1

Title #1a Indicate the study’s design with a commonly used termin 1
the title or the abstract
Abstract #1b  Provide in the abstract an informative and balanced 2

summary of what was done and what was found
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Introduction

Background /
rationale

Objectives

Methods

Study design

Setting

Eligibility criteria

Eligibility criteria

Variables

Data sources /

measurement

#2

#6a

#6b

BMJ Open

Explain the scientific background and rationale for the

investigation being reported

State specific objectives, including any prespecified

hypotheses

Present key elements of study design early in the paper

Describe the setting, locations, and relevant dates,
including periods of recruitment, exposure, follow-up, and

data collection

Give the eligibility criteria, and the sources and methods

of selection of participants. Describe methods of follow-

up.

For matched studies, give matching criteria and number

of exposed and unexposed

Clearly define all outcomes, exposures, predictors,
potential confounders, and effect modifiers. Give

diagnostic criteria, if applicable

For each variable of interest give sources of data and
details of methods of assessment (measurement).
Describe comparability of assessment methods if there is

more than one group. Give information separately for for
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exposed and unexposed groups if applicable.

Bias #9 Describe any efforts to address potential sources of bias

Study size #10 Explain how the study size was arrived at

Quantitative #11  Explain how quantitative variables were handled in the

variables analyses. If applicable, describe which groupings were
chosen, and why

Statistical #12a Describe all statistical methods, including those used to

methods control for confounding

Statistical #12b Describe any methods used to examine subgroups and

methods interactions

Statistical #12c Explain how missing data were addressed

methods

Statistical #12d If applicable, explain how loss to follow-up was addressed

methods

Statistical #12e Describe any sensitivity analyses

methods

Results

Participants #13a Report numbers of individuals at each stage of study—eg

numbers potentially eligible, examined for eligibility,
confirmed eligible, included in the study, completing
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follow-up, and analysed. Give information separately for

for exposed and unexposed groups if applicable.

H+
kN
w
(o

Participants Give reasons for non-participation at each stage N/A this was a
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meta analysis

H
kN
w
(@]

Participants Consider use of a flow diagram N/A this was a

14 meta analysis

17  Descriptive data 14

Q

Give characteristics of study participants (eg 14
19 demographic, clinical, social) and information on

21 exposures and potential confounders. Give information
separately for exposed and unexposed groups if

26 applicable.

29  Descriptive data 14b Indicate number of participants with missing data for each N/A no
31 variable of interest missing
mortality data

36 in the

38 registers

o

41 Descriptive data 14c  Summarise follow-up time (eg, average and total amount) N/A this was a

meta analysis

H
—
(&)

Outcome data Report numbers of outcome events or summary 7,8

N
N

49 measures over time. Give information separately for

51 exposed and unexposed groups if applicable.

-
kN
»
QO

54 Main results Give unadjusted estimates and, if applicable, confounder- N/A this was a

adjusted estimates and their precision (eg, 95% meta analysis
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Main results
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Other analyses

Discussion

Key results
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Interpretation
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confidence interval). Make clear which confounders were

adjusted for and why they were included

Report category boundaries when continuous variables

were categorized

If relevant, consider translating estimates of relative risk

into absolute risk for a meaningful time period

Report other analyses done—eg analyses of subgroups

and interactions, and sensitivity analyses

Summarise key results with reference to study objectives

Discuss limitations of the study, taking into account
sources of potential bias or imprecision. Discuss both

direction and magnitude of any potential bias.

Give a cautious overall interpretation considering
objectives, limitations, multiplicity of analyses, results

from similar studies, and other relevant evidence.

Discuss the generalisability (external validity) of the study

results

Give the source of funding and the role of the funders for
the present study and, if applicable, for the original study

on which the present article is based
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None The STROBE checklist is distributed under the terms of the Creative Commons Attribution

License CC-BY. This checklist can be completed online using https://www.goodreports.org/, a tool

made by the EQUATOR Network in collaboration with Penelope.ai
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Abstract

Objectives

To investigate all-cause and cause-specific mortality risks, including deaths from external,
cardiovascular and cancer causes, among deployed Nordic military veterans in comparison to the
general population in each country.

Design
Meta-analysis.

Setting
Denmark, Norway, Finland and Sweden.

Participants

Military veterans deployed between 1990 and 2010 were followed via nationwide registers and
compared with age-sex-calendar-year-specific rates in the general population using pooled
standardised mortality ratios (SMRs).

Main outcomes
All-cause and cause-specific mortality retrieved from each country’s Causes of Death Register,
including deaths from external, cardiovascular and cancer causes.

Results

Among 83 584 veterans 1152 deaths occurred of which 343 were from external causes (including 203
suicides and 129 traffic/transport accidents), 134 from cardiovascular causes and 297 from
neoplasms. Veterans had a lower risk of death from any cause (pooled SMR 0.58, 95%Cl 0.52-0.64),
external causes (0.71, 95%Cl 0.64-0.79), suicide (0.77, 95%Cl 0.67-0.89), cardiovascular causes (0.54,
95%Cl 0.46-0.64), and neoplasms (0.78, 95%Cl 0.70-0.88). There was no difference regarding
traffic/transport accidents for the whole period (1.10, 95%CI 0.75-1.10) but the pooled point
estimate was elevated, though not statistically significant, during the first 5 years (1.17, 95%Cl 0.89-
1.53) but not thereafter (1.01, 95%Cl 0.77-1.34). For all other causes of death, except suicide,
statistically significantly lower risk among veterans was observed both during the first 5 years and
thereafter. For suicide, no difference was observed beyond 5 years. Judged from the country-specific
SMR-estimates, there was a high degree of consistency although statistically significant
heterogeneity was found for all-cause mortality.

Conclusions

Nordic military veterans had lower overall and cause-specific mortality than the general population
for most outcomes, as expected given the pre-deployment selection process. Though uncommon,
fatal traffic/transport accidents were an exception with no difference between deployed military
veterans and the general population.
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Strengths and limitations of this study

e The problem of low statistical power in country-specific analyses of rare mortality outcomes
among deployed military veterans was addressed by combining data from several Nordic
countries

e Using the unique personal identity number of each Nordic resident and linking data to
nationwide registers on mortality outcomes, follow-up was complete regarding mortality

e The generalisability of the results outside the Nordic context may be limited by recruitment
practices, deployment areas, deployment duration, and combat exposure
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Background

The Nordic countries Denmark, Finland, Norway and Sweden have contributed with military
personnel to conflict zones during the last 30 years, primarily to the Balkans in the 1990s and to
Afghanistan between 2002 and 2014. Controversy remains regarding several cause-specific mortality
outcomes among deployed Nordic military veterans, as country-specific analyses are few and may
suffer from insufficient statistical power given the low mortality rates among the relatively young
veteran populations.

Suicide among military veterans has received the most attention due to it arguably being the most
serious manifestation of psychiatric problems, and its strong association with post-traumatic stress
disorder among military veterans. Although country-specific estimates exist,'® no study has been
adequately powered to investigate whether the suicide risk varies over time after return from
deployment. Another rare outcome is cancer deaths, where the risk could be elevated due to, for
example, exposure to chemicals or biological agents during deployment,’- but the number of cases
in each country is generally too small to generate meaningful statistics. There is also uncertainty
regarding the risk of fatal traffic accidents, where data from the US and UK indicate that risks are
elevated immediately after return from deployment.10-16

The similarities between the Nordic countries in terms of population, military engagements and
health care systems, as well as access to health data via nationwide registers, offer a unique
opportunity to synthesize data from the different countries in order to, for the first time, pool Nordic
deployed military veterans to address post-deployment outcomes with considerably greater
statistical power than what is achieved by single country studies.

The purpose of this study was to investigate all-cause and cause-specific mortality risks, including
deaths from external, cardiovascular and cancer causes among Nordic military veterans in
comparison to the general population in each country.
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Methods

This is a pooled analysis based on country-specific individual data on military veterans and mortality
outcomes from Denmark, Finland, Norway, and Sweden compared to the general population in each
country. The cohorts were created and outcome data collected by linking individual veterans to
nationwide registers by use of the unique personal identity number assigned to each resident in the
respective countries. The linkage was performed by Statistic Denmark (Denmark), Statistics Finland
(Finland), The Norwegian Armed Forces Health Registry (Norway) and National Board of Health and
Welfare (Sweden). Estimates for Denmark, Norway and Sweden were derived specifically for this
pooled analysis, while the mortality estimates for Finland were taken from a publication.? The
STROBE reporting guidelines for cohort studies were used for this study.’

Ethics statement

Regarding the Swedish data, the study was approved by the regional ethics committee at Karolinska
Institutet, Stockholm, Sweden (2012/1439-31/5, 2014/797-32). According to Danish law, studies
based exclusively on register data require no approval by a research ethics committee. Data from
Norway used in this study were analysed in accordance with the regulations and procedures of the
Norwegian Armed Forces Health Registry, which stipulates that approval by the Committee for
Medical Health Research Ethics is not required.

Study population

Nordic military veterans who had served on any international military deployment between 1990
(Finland) or 1992 (Denmark, Norway, Sweden) and 2010 were identified from the Armed Forces
registers of international deployments in each country, resulting in a total cohort of 83 584 veterans
(Denmark: n=27 442; Finland: 15 002; Norway: n=23 422; Sweden: n=17 718). Calendar year-specific
mortality data from the general population in each country, stratified by age and sex, were retrieved
from government statistics.

Follow-up and outcomes

Veterans were followed from the date of return from first deployment until death, emigration, or last
date of register-based follow-up (December 315t 2016 for Denmark, Norway and Sweden; December
315t 2013 for Finland), whichever came first. The dates and causes of death for the veterans were
retrieved from the government agency managing the Causes of Death Register in each country.

The mortality outcomes were death from any cause, external causes (International Classification of
Diseases 9t and 10 revision [ICD9; ICD10] codes: ICD9: E800-E999; ICD10: V01-Y89), cardiovascular
causes (390-459; 100-199), and from neoplasms (140-239; C00-D48). The specific external causes
suicide (E950-E959, E980-E989; X60-X84, Y10-Y34, Y87.0) and traffic/transport accidents (ES800-E849;
V01-V99, Y85) were also analysed. Finnish data were available only for the outcomes death from any
cause, suicide and traffic/transport accidents.
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Statistical analysis

The mortality outcomes among deployed military veterans were compared to the general population
in each country using age-, sex- and calendar year-specific data to estimate standardised mortality
ratios (SMRs). The SMR in each cause of death category and for each country was calculated as the
ratio of the observed number and expected number of deaths. The cause of death-specific expected
number of deaths in each sex, age (5-year age bands) and calendar year stratum was calculated by
multiplying the number of person-years in that stratum by the cause of death specific mortality rate
in the control population in the respective stratum. The 95% confidence intervals (95%Cl) were
estimated assuming a Poisson distribution of the observed number of deaths.

Country-specific SMRs for each outcome in veterans compared to the general population were
pooled using inverse variance-weighted random effects meta-analyses. The analyses were performed
for the whole follow-up period, as well as separately for less or equal to 5 years and more than 5
years after return from deployment. Heterogeneity between countries was assessed using the /?
statistic.1®

Data were analysed using SAS version 9.4 (SAS Institute) and Stata version 13.0.

Patient and Public Involvement
No patient involved.
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Results

Cohort characteristics

A total of 83 584 deployed Nordic military veterans were included (Table 1). The mean age at
deployment was 27 years and men represented 95% in the pooled cohort. Danish and Swedish
veterans had similar mean deployment duration of 6 months while Norwegians had a mean of 4
months. The areas of operation for military deployment are shown in Figure 1 for Denmark, Norway
and Sweden. The mean follow-up was 14.8, 17.0 and 13.5 for Denmark, Norway and Sweden,
respectively.

All-cause mortality

During follow-up, 1152 military veterans died (Denmark n=394; Finland n=212; Norway n=412;
Sweden n=134). Deployed military veterans had lower mortality than the general population over the
full study period (pooled SMR 0.58, 95%Cl 0.52-0.64), during the first 5 years (0.50, 95%Cl 0.41-0.60)
and beyond 5 years after returning from deployment (0.61, 95%CI 0.56-0.67; Figure 2).

External cause mortality

Among military veterans from Denmark, Norway and Sweden there were a total of 343 deaths from
external causes, while data from Finland were not available. The pooled SMR for the whole study
period was 0.71 (95%Cl 0.64-0.79; Figure 3). The pooled SMR for the first 5 years (0.70, 95%Cl 0.55-
0.91) was similar to the pooled SMR for follow-up beyond 5 years after returning from deployment
(0.72, 95%Cl 0.63-0.82).

Death by suicide

Based on 203 suicides, all 4 countries showed lower risk estimates among veterans than the general
population resulting in a pooled SMR of 0.77 (95%Cl 0.67-0.89; Figure 3). During the first 5 years after
returning from deployment there were 39 suicides resulting in a pooled SMR of 0.56 (95%Cl 0.41-
0.78). Beyond 5 years there were 111 suicides with no statistically significant difference versus the
general population (pooled SMR 0.91, 95%Cl 0.75-1.10).

Fatal traffic/transport accidents

With a total of 129 fatal traffic/transport accidents, no statistically significant difference was
observed between veterans and the general population (pooled SMR 1.10, 95%Cl 0.92-1.31; Figure
3). The small risk increases were driven by accidents during the first 5 years following end of
deployment, with point estimates of about 1.30 for Norwegian and Swedish, but not Danish veterans
(data for Finnish veterans were not available) but the pooled SMR was not statistically significant
(1.17, 95%Cl 0.89-1.53). Beyond 5 years after return from deployment, the pooled point estimate
was near the null (pooled SMR 1.01, 95%Cl 0.77-1.34).

Cardiovascular deaths & fatal neoplasms

A total of 134 cardiovascular deaths occurred among the veterans resulting in a pooled SMR of 0.54
(95%Cl 0.46-0.64; Figure 4). The lower risk for the veterans was especially pronounced during the
first 5 years (0.33, 95%Cl 0.18-0.61) but remained lower also beyond 5 years (0.61, 95%Cl 0.51-0.74).

There were 297 deaths among the veterans due to neoplasms resulting in a pooled SMR of 0.78
(95%CI 0.70-0.88; Figure 4). As for cardiovascular deaths, the lower risk was especially pronounced
during the first 5 years (0.50, 95%Cl 0.37-0.68) but remained lower also beyond 5 years (0.86, 95%Cl
0.76-0.97).
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Heterogeneity
The statistical power for analysing heterogeneity was high for all-cause mortality but low for the
cause-specific mortality outcomes.

For all-cause mortality the 12 was 73% for the whole study period (P=0.01). The heterogeneity
reflected the high precision of the estimates, rather than major numerical differences in country-
specific SMRs, which ranged from 0.55 to 0.64. For the first 5 years the /> was 66% (P=0.03) with the
estimate for Denmark at 0.40 (95%Cl 0.33-0.45) while the other countries had SMRs higher than
0.50. Beyond 5 years the I? was 36% (P=0.20) and country-specific estimates ranged from 0.55 to
0.66.

For the cause-specific analyses the I? estimate was 0% for all outcomes for the whole time period as
well as beyond 5 years of follow-up. During the first 5 years estimates were also 0%, except that the
1> was 47% (P=0.15) for external cause mortality and 27% (P=0.26) for cardiovascular mortality.
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Discussion

Main findings

In this study of 83 584 deployed Nordic military veterans followed for up to 25 years, veterans had
lower mortality compared with the general population. For the whole follow-up period as well as the
first 5 years after return from deployment, the pooled SMRs were lower for death from any cause, as
well as for external causes, suicide, cardiovascular causes and neoplasms, while no statistically
significant difference was found for fatal traffic/transport accidents. Beyond 5 years, no differences
were found for suicide or fatal/traffic transport accidents. Judged from the SMR estimates for each
country, there was a high degree of consistency although statistically significant heterogeneity was
found for all-cause mortality due to the large sample size, resulting in high precision.

Previous research

Lower all-cause mortality among veterans compared to the general population is a typical finding in
this field given the physical and mental health screening prior to military deployment, a selection bias
referred to as “the healthy soldier effect.”°?! For Swedish veterans, we have previously shown that
when accounting for differences in, for example, cognitive ability, psychological evaluation test
scores and pre-deployment mental health, there is no difference in either suicide or all-cause
mortality between deployed military veterans and non-deployed tightly matched comparators.®

Although reporting a lower overall mortality among veterans in comparison to civilian or non-
deployed military control groups, several major studies investigating US and British veterans from the
Vietnam War and Gulf War have found increased cause-specific mortality risks among these veterans
from external causes, mainly death by suicide and motor vehicle accidents, during the first years
following deployment.1%16 The Nordic veterans in the present study had lower risk than the general
population for all outcomes during the first 5 years, except for fatal traffic/transport accidents where
no difference was found. The point estimate indicated a potentially elevated risk although it was
based on merely 56 deaths and the effect estimate was 1.17. This outcome will require further
investigation when also accounting for the healthy soldier effect and including non-fatal accidents, as
a potentially increased risk may reflect higher degrees of risk-taking behaviour after military
deployment.?? Another explanation could be that the intention of some of these accidents were in
fact suicide. However, it must also be remembered that fatal traffic/transport accidents were
uncommon, with a total of 129 events over the whole period despite pooling approximately 20 years
of deployments from the four Nordic countries, and following more than 80 000 veterans for up to
25 years.

Implications

Mortality in Nordic deployed military veterans does not appear to be a public health problem,
neither during the first 5 years after return from deployment nor thereafter, as their death rates
were lower than the rates in the general population. However, deployed Nordic military veterans are
a group that have gone through physical and mental health tests resulting in them having a better
pre-deployment prognosis than the general population as a whole. Therefor more research is needed
on specific mortality outcomes, especially fatal traffic and transport accidents, when also accounting
for these baseline differences. In the meantime, veterans returning from deployment could be
informed about the potential risk elevation for traffic/transport accidents, however small, and a
discussion about risk-taking behaviour may be warranted prior to discharge.
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Strengths and limitations

The main strength of this study was the combination of data from Denmark, Finland, Norway and
Sweden including deployments spanning two decades and including up to 25 years follow-up using
nationwide registers resulting in virtually no losses to follow-up. This provided more statistical power
than country-specific studies, where estimates on the national level would have been associated with
more uncertainty. We also designed the study so that each country used a similar study deployment
period, follow-up time, and type of outcome ascertainment mechanism, resulting in greater similarity
between countries than is often the case in meta-analyses combining only published estimates. By
doing this, major areas of operation for each country were similar, although Denmark and Norway
included deployments to Iraq while this was not the case for Sweden and Finland.

Despite the size of the study and the length of follow-up, estimates regarding fatal traffic/transport
accidents were imprecise. Future studies could be expanded by also including non-fatal
traffic/transport accidents to gain power, but still reflect the same underlying mechanism. Further,
this study compared deployed military veterans with the general population of the same age and sex
to assess whether any of the investigated types of post-deployment mortality could be of public
health concern. However, in order to approach causal interpretation of the effect of military
deployment on mortality, the healthy soldier effect must be addressed by carefully accounting for
pre-deployment differences in mental and physical health, as well as psychological resources. It
should also be noted that the generalisability outside the Nordic context may be limited by
recruitment practices, deployment areas, deployment duration, and combat exposure. Finally, while
Nordic data on all cause mortality are described as precise and valid, cause-specific mortality data
have more limitations as the quality is dependent on the responsible physician certifying the death,
autopsy rates (which currently are low and declining), and while completeness is high the validity of
specific causes may vary by age (less valid in the elderly), cause, calendar period and country.?3

All four Nordic countries have universal health care systems, covering both the veterans and the
controls in the present study. In addition, however, there are Veteran Centres in Denmark and
Norway providing some additional support after deployment regarding identification of iliness and
also treatment (see Appendix for details).

Conclusions

Nordic military veterans were found to have lower mortality after deployment compared to the
general population, as expected given the selection process preceding military deployment. Though
uncommon, fatal traffic/transport accidents during the first years following return from deployment,
was an exception with point estimates indicating higher rather than lower risk. This warrants further
investigation.
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Tables & Figures

Table 1 Participant characteristics of deployed Nordic military veterans

Denmark Finland? Norway Sweden

Number of participants 27 442 15002 23422 17 718
Deployment years 1992-2010 1990-2010 1992-2010 1992-2010
Age at first deployment (years)

Mean (standard deviation) 27.9 (8.6) Not reported 27.3(8.0) 26.7 (6.5)

Median (interquartile range) 24.2 (22.1-30.3) Not reported 24.5 (21.5-30.3) 24.5(22.1-28.7)

Range 18-66 Not reported 18.2-65.5 19.0-58.3
Sex

Men, n (%) 26 011 (95%) 14 584 (97%) 22 004 (94%) 17 216 (97%)

Women, n (%) 1431 (5%) 418 (3%) 1418 (6%) 502 (3%)
Deployment duration for all deployments (months)

Mean (standard deviation) 5.6 (1.98) Not reported 3.9(2.9) 6.0 (2.0)

Median (interquartile range) 6.1(5.7-6.1) Not reported 3.5(1.0-6.3) 6.1 (5.7-6.8)

Range 0.2-49.7 Not reported 0.03-39.5 0.03-30.3
Follow-up® (years)

Mean (standard deviation) 14.8 (5.8) 17.0(5.5) 13.5(5.9)

Median (interquartile range) 15.1(9.4-20.4) 17.5(12.6-21.9) 13.6 (8.1-19.2)

Range 0-24 0.1-25.0 0-23

2 Data from the publication by Laukkala et al?
b Follow-up started the day of return from first deployment
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Figure 1 Number of deployments by year and region in Denmark (top panel), Norway (middle panel)
and Sweden (bottom panel) between 1992 and 2010. No data were reported for Finland.

Figure 2 Forest plot of all-cause mortality in military veterans from Denmark, Finland, Norway and
Sweden compared to the general population

Figure 3 Forest plot of external cause mortality overall (left), suicide (middle) and fatal
traffic/transport accidents (right) in military veterans from Denmark, Finland, Norway and Sweden
compared to the general population

2NA = Not available

Figure 4 Forest plot of cardiovascular deaths (left) and fatal neoplasms (right)
in military veterans from Denmark, Norway and Sweden compared to the general population

2NA = Not available
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Figure 2 Forest plot of all-cause mortality in military veterans from Denmark, Finland, Norway and Sweden
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18 Figure 3 Forest plot of external cause mortality overall (left), suicide (middle) and fatal traffic/transport
19 accidents (right) in military veterans from Denmark, Finland, Norway and Sweden compared to the general
20 population a NA = Not available
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Figure 4 Forest plot of cardiovascular deaths (left) and fatal neoplasms (right) in military veterans from
Denmark, Norway and Sweden compared to the general population

416x203mm (72 x 72 DPI)

a NA = Not available

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

ybuAdos Aq paraslold 1senb Aq £z0z ‘T J8qwsAoN uo jwod fwg-uadolway/:dny woly papeojumod "zz0z [Mdy ZT uo £T£250-T20z-uadolwa/9eTT 0T se paysiagnd isiy :uado rING


http://bmjopen.bmj.com/

Page 21 of 28

BMJ Open

1
2
3
2 APPENDIX
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Figure A3 Forest plot of cardiovascular deaths (left) and fatal neoplasms (right)

in military veterans from Denmark, Norway and Sweden compared to the general population (fixed-
effect model)

aNA = Not available
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Figure A4 Forest plot of all-cause mortality in military veterans from Denmark, Norway and Sweden

compared to the general population (Finland excluded)
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Veterans’ health promotion programs (by country)

Denmark

In Denmark the Danish Veterans Centre was founded in 2011 one year after the first Veteran policy
was made by the government. As the period of the current study was from 1992 to 2010, there was
no specific Government initiated veterans’ health promotion programs during this period. In
Denmark all citizens have access to free public health systems including psychiatric treatment.
Likewise it is the municipalities that manage and is responsible for everything concerning social
benefits and activities.

Thus, the Danish Veterans Centre is a supplement to the above general public services. The Danish
Veterans Centre is a coordinating body organized under the Danish Ministry of Defense, working to
support and treat Danish veterans and their families as well as furthering the acknowledgement of
their efforts and sacrifices. The Centre operates within the Danish welfare model and the Centre’s
various support and treatment options for veterans complement services and treatments offered by
the Danish universal healthcare system. The Danish Veteran Centre cooperates closely with
government authorities, providers in the health care system, municipalities as well as a large number
of voluntary organizations to support veterans and their relatives. The Centre functions as a 24/7
one-point of entry to cohesive and comprehensive support and treatment from Center’s
psychologists and social workers. The Centre offers treatment for deployment related
psychopathology, conducts research projects within e.g. pre-deployment resilience and mental
health training, post-deployment-screening and reintegration into civilian society, and furthermore
the Centre offers support and advice to soldiers and veterans regarding employment and education,
as well as offering e.g. PREP-courses (Prevention and Relationship Enhancement Program).

Norway

The Norwegian Government’s plan of action to care for veteran personnel before, during and after
serving abroad was published in 2011, with a follow-up plan in 2014. The action plan covers
personnel who serve in international operations, and the objective of the action plan is to improve
society's recognition of, and provision of care for, the personnel. The Norwegian Armed Forces
provide psychiatric services to the veterans, and cooperate closely with the civilian health services,
which is accessible for all residents.

Sweden

There were no veteran-specific health promotion programs in Sweden during the study period. The
health care system in Sweden is universally accessible to all residents and veterans are generally
encouraged to seek care within the existing health care structure. There is, however, a specific clinic
for veterans in Uppsala, but this clinic is part of the county-driven health care system.
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Reporting checklist for cohort study.
Based on the STROBE cohort guidelines.

Instructions to authors

Complete this checklist by entering the page numbers from your manuscript where readers will find

each of the items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to
include the missing information. If you are certain that an item does not apply, please write "n/a" and

provide a short explanation.
Upload your completed checklist as an extra file when you submit to a journal.

In your methods section, say that you used the STROBE cohortreporting guidelines, and cite them

as.

von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. The Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines for

reporting observational studies.

Reporting Item Page Number

Title and abstract 1

Title #1a Indicate the study’s design with a commonly used termin 1
the title or the abstract
Abstract #1b  Provide in the abstract an informative and balanced 2

summary of what was done and what was found
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Introduction

Background /
rationale

Objectives

Methods

Study design

Setting

Eligibility criteria

Eligibility criteria

Variables

Data sources /

measurement

#2

#6a

#6b

BMJ Open

Explain the scientific background and rationale for the

investigation being reported

State specific objectives, including any prespecified

hypotheses

Present key elements of study design early in the paper

Describe the setting, locations, and relevant dates,
including periods of recruitment, exposure, follow-up, and

data collection

Give the eligibility criteria, and the sources and methods

of selection of participants. Describe methods of follow-

up.

For matched studies, give matching criteria and number

of exposed and unexposed

Clearly define all outcomes, exposures, predictors,
potential confounders, and effect modifiers. Give

diagnostic criteria, if applicable

For each variable of interest give sources of data and
details of methods of assessment (measurement).
Describe comparability of assessment methods if there is

more than one group. Give information separately for for
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exposed and unexposed groups if applicable.

Bias #9 Describe any efforts to address potential sources of bias

Study size #10 Explain how the study size was arrived at

Quantitative #11  Explain how quantitative variables were handled in the

variables analyses. If applicable, describe which groupings were
chosen, and why

Statistical #12a Describe all statistical methods, including those used to

methods control for confounding

Statistical #12b Describe any methods used to examine subgroups and

methods interactions

Statistical #12c Explain how missing data were addressed

methods

Statistical #12d If applicable, explain how loss to follow-up was addressed

methods

Statistical #12e Describe any sensitivity analyses

methods

Results

Participants #13a Report numbers of individuals at each stage of study—eg

numbers potentially eligible, examined for eligibility,
confirmed eligible, included in the study, completing
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follow-up, and analysed. Give information separately for

for exposed and unexposed groups if applicable.

H+
kN
w
(o

Participants Give reasons for non-participation at each stage N/A this was a

oNOYTULT D WN =

meta analysis

H
kN
w
(@]

Participants Consider use of a flow diagram N/A this was a

14 meta analysis

17  Descriptive data 14

Q

Give characteristics of study participants (eg 14
19 demographic, clinical, social) and information on

exposures and potential confounders. Give information
separately for exposed and unexposed groups if

26 applicable.

29  Descriptive data 14b Indicate number of participants with missing data for each N/A no
31 variable of interest missing
mortality data

36 in the

38 registers

o

41 Descriptive data 14c  Summarise follow-up time (eg, average and total amount) N/A this was a

meta analysis

H
—
(&)

Outcome data Report numbers of outcome events or summary 7,8

N
N

49 measures over time. Give information separately for

51 exposed and unexposed groups if applicable.

-
kN
»
QO

54 Main results Give unadjusted estimates and, if applicable, confounder- N/A this was a

adjusted estimates and their precision (eg, 95% meta analysis
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Main results

Main results

Other analyses

Discussion

Key results

Limitations

Interpretation

Generalisability

Other Information

Funding
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#21

#22

BMJ Open

confidence interval). Make clear which confounders were

adjusted for and why they were included

Report category boundaries when continuous variables

were categorized

If relevant, consider translating estimates of relative risk

into absolute risk for a meaningful time period

Report other analyses done—eg analyses of subgroups

and interactions, and sensitivity analyses

Summarise key results with reference to study objectives

Discuss limitations of the study, taking into account
sources of potential bias or imprecision. Discuss both

direction and magnitude of any potential bias.

Give a cautious overall interpretation considering
objectives, limitations, multiplicity of analyses, results

from similar studies, and other relevant evidence.

Discuss the generalisability (external validity) of the study

results

Give the source of funding and the role of the funders for
the present study and, if applicable, for the original study

on which the present article is based
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None The STROBE checklist is distributed under the terms of the Creative Commons Attribution

License CC-BY. This checklist can be completed online using https://www.goodreports.org/, a tool

made by the EQUATOR Network in collaboration with Penelope.ai
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