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ABSTRACT

Background: The ‘healthy worker effect’ predicts that longer employment is positively
associated with reduced mortality, but few studies have examined mortality in military

veterans irrespective of exposure to conflict.

Aims: To examine mortality in a large national cohort of Scottish veterans by length of

service.

Methods: Retrospective cohort study comparing survival in up to 30 years follow-up among
57,000 veterans and 173,000 people with no record of service, matched for age, sex and
area of residence, who were born between 1945 and 1985. We compared antecedent

diagnoses in the two groups to provide information on probable risk factors.

Results: By the end of follow-up, 3,520 (6%) veterans had died, compared with 10,947 (6%)
non-veterans. Cox proportional hazard analysis confirmed no significant difference overall
unadjusted or after adjusting for deprivation.  On subgroup analysis, those who left
prematurely (early service leavers) were at significantly increased risk of death, hazard ratio
1.16, 95% confidence intervals 1.09-1.24, P<0.001, although the increase became non-
significant after adjusting for socio-economic status, hazard ratio 1.05, 95% confidence
intervals 0.99-1.12. Longer-serving veterans were at significantly lower risk of death than
non-veterans; the risk decreased both with length of service and in more recent birth
cohorts. Smoking-related disease was the greatest contributor to increased mortality in

early leavers.



Conclusion: Among longer-serving veterans, there was evidence of a ‘healthy worker effect’
partly attributable to selective attrition of early service leavers, but birth cohort analysis
suggests improvements over time which may also reflect a causal effect of improved in-

service health promotion.

KEY WORDS: Military veterans; epidemiology; mortality; healthy worker effect;

occupational health



INTRODUCTION

The Armed Forces require serving personnel to be physically fit and mentally robust, but
concerns have been expressed about a negative impact of military service on health, and a
widespread belief has developed that those who have served are damaged by their
experience and, as a consequence, have poorer health outcomes and higher mortality than
the general population. Early conflict specific studies such as those which followed up
veterans of the Vietham War tended to reinforce that belief, [1-3] although more recent
work on UK veterans by the King’s Centre for Military Health Research, and our analysis of
the Scottish Veterans Health Study dataset, suggest that there may be important subgroup
differences within the veteran population. The excess risk of post-traumatic stress disorder
has been shown to affect predominantly combat troops [4], while the increased risk of
smoking-related disease may be a legacy of historically high smoking prevalence among the

armed forces [5] and disproportionately affects those with the shortest service [6-8].

In the civilian sector, an association between continued employment and reduced
mortality has been acknowledged for many years [9]. It was termed the ‘healthy worker
effect’ (HWE) by McMichael and co-workers in 1974 [10], and was later defined by them as
“the consistent tendency of the actively employed to have a more favorable mortality
experience than the population at large”[11]. The HWE is strongest in those civilian
occupations which are the most physically demanding [9,12], therefore it is plausible that a
HWE should be apparent in the military. However, it has been suggested that the HWE may
reflect selection and retention bias rather than a causal protective effect of working [13].

Since the military screens applicants for physical fitness at the time of recruitment, a HWE



resulting from selection bias might therefore be expected to be more apparent among
military personnel [14].

Most studies on UK veterans have looked at short- to medium-term health outcomes
[15] and few have examined mortality, other than in specific high-risk groups [16-19].
Among civilians, the HWE attenuates with time since first employment [12, 20] but the
impact of length of military service on the long-term outcomes of UK veterans is not known.
Therefore, we used data from the Scottish Veterans Health Study to examine mortality in a
large national cohort of Scottish veterans whose length of service was known, compared

with a matched group of civilians, in order to explore whether there was evidence of a HWE.

METHODS

The Scottish Veterans Health Study is a retrospective cohort study of all 56,570 military
veterans resident in Scotland who were born between 1945 and 1985 and were registered
with National Health Service (NHS) Scotland both before and after service, and a
comparison group of 172,753 individuals with no record of service, matched 3:1 for age, sex
and postcode sector of residence (mean population 5,000). We examined health outcomes
and mortality from 1 January 1981 (or date of leaving the Service for veterans, if later) to
the date of death or 31 December 2012. We have previously described the characteristics
of the study cohort and the methodology [6,21]. Approval for the study was granted by the
Privacy Advisory Committee of the Information Services Division of NHS Scotland (PAC
27/12). At the time of requesting access to the data, NHS Scotland did not require
individual consent since the project met Schedule 2 Section 5(d) and Schedule 3 Section 8(2)
of the Data Protection Act 1998, thereby fulfilling the requirements for non-consented

processing of sensitive personal data laid down in UK legislation.



We used Cox proportional hazard analysis to calculate hazard ratios (HRs) for death
in veterans compared with people with no record of service, using age as the time-
dependent variable, age at death as the failure time, and age at the end of follow-up (if no
death) as the censor time. The a priori rejection level was set at 0.05. We tested Cox
proportionality assumptions using methodology based on Schoenfeld residuals [22]. We
ran the models univariately and then repeated the analysis adjusting for the potential
confounding effect of socioeconomic status (SES). We also stratified by length of service to
examine the effect of failure to complete the minimum term of military engagement
(veterans classified by the Ministry of Defence as early service leavers (ESL)), and the impact
of longer military service, comparing length of engagement subgroups against all non-
veterans. We defined ESL as 2.5 years service or less, and failure to complete recruit
training as 0.4 years service or less [23]. Our definition of ESL is tighter than that used in
some other studies [24], to accommodate changes in the minimum length of service over
the long period of this study. We excluded veterans with between 2.5 and 3.5 years service
from subgroup analyses comparing the categories of ESL and non-ESL, as their ESL status
could not be determined with confidence owing to these changes. We did not exclude this
group from any other analyses. We examined birth cohort effects in 5-year categories. We

performed all analyses using Stata v12.1® or Excel® 2007.

RESULTS
After data cleansing to remove incomplete and invalid records, we included 56,205 (99%)
veterans and 172,741 (100%) non-veterans in the analysis. Of the 56,205 veterans included

in the study, 5,235 (9%) were women, reflecting the gender balance of the Service



population. A total of 14,702 (26%) veterans met the definition of ESL, of whom 5,854
(40%) left before completing training and 8,848 (60%) were trained but left before the end
of the minimum engagement, whilst ESL status could not be determined for 3,182 (6%)
veterans. The mean period of follow-up was 29.3 years, with a total of 6.7 million person-

years of follow-up among veterans and non-veterans combined.

Over the period of follow-up, there were 3,520 (6%) deaths among veterans,
compared with 10,947 (6%) deaths among non-veterans. The difference overall was not
statistically significant, HR 1.02, 95% ClI 0.98-1.06, in the univariate Cox model and HR 0.97,
95% Cl 0.93-1.00, after adjusting for socioeconomic status. The results were similar for both
men and women, although there was a small but statistically significant overall reduction in
risk in male veterans after adjusting for socio-economic status (Table 1). ESL veterans were
at significantly increased risk compared with non-veterans in the univariate model, HR 1.16,
95% Cl 1.09-1.24, P<0.001, but the increase in risk was attenuated and became non-
significant after adjusting for socioeconomic status, HR 1.05, 95% ClI 0.99-1.12. Non-ESL
were at significantly lower risk of death than non-veterans in both the univariate and
adjusted models, HR 0.94, 95% Cl 0.90-0.99, P<0.05 and HR 0.92, 95% Cl 0.88-0.97, P<0.01

respectively.

The median age at death for veterans was 53.0 years (IQR 46.7-58.2) overall; 52.5
years (IQR 45.6-57.9) for ESL and 53.3 years (IQR 47.3-58.5) for non-ESL, compared with 51.2
years (IQR 44.0-57.2) for non-veterans. The kernel density plot demonstrates fewer deaths

in the younger veterans, with a higher peak in the older age-groups (Figure 1).



Analysis by length of service, in comparison with all non-veterans, showed an
increased risk of death in the two ESL categories (untrained and trained) in the univariate
model, although both became non-significant after adjusting for socioeconomic status. For
veterans who completed at least a minimum engagement, there was no significant
difference in risk of mortality in either the univariate or multivariate models, compared with
non-veterans, whilst for those with the longest service (over 12 years), there was a
statistically significant reduction in risk, which persisted after adjustment for socioeconomic
status (Table 1). Veterans who served for four years or more were at significantly reduced
risk of death compared with all ESL, HR 0.80, 95% Cl 0.75-0.86, P<0.001 in the unadjusted

model and HR 0.86, 95% Cl 0.79-0.92, P<0.001 after adjusting for socioeconomic status.

Analysis by birth cohort demonstrated that mortality risk compared with non-
veterans was only increased in the two oldest birth cohorts, 1945-1949 and 1950-1955,
whilst the more recent birth cohorts demonstrated similar or lower risk than the reference
population (Figure 2). Analysing ESL and non-ESL separately by birth cohort showed a
similar overall pattern, although excess risk in veterans born 1945-1954 was confined to ESL.
For those with longer service, the two oldest cohorts were at similar risk to the reference
population. There was also a clear decline in risk of death over time in these longer-serving
veterans, who had been able to benefit from ongoing improvements to military health

promotion, which is not apparent in those who leave early (Figure 3).

The commonest causes of death, in veterans and non-veterans, were ischaemic
heart disease/acute myocardial infarction and lung cancer. There were 356 (0.63%)

alcohol-related deaths in veterans compared with 1,147 (0.66%) in non-veterans, a non-



significant difference. There were only 27 (0.04%) deaths in veterans from drug
dependency, compared with 238 (0.10%) in non-veterans (P<0.001). Antecedent
morbidities among those who died are summarised in Table 2. Forty-six per cent of
veterans who died had a history of smoking-related disease, compared with 39% of non-

veterans (P<0.001).

DISCUSSION

We found no overall difference in mortality between veterans and non-veterans, but
analysis by length of service demonstrated a 15% increase in risk of death in veterans with
the shortest service, who failed to complete military training, whilst those with longest
service had an 18% reduction in risk compared with non-veterans. The excess risk in
shorter-serving veterans became non-significant after adjusting for SES, suggesting that SES
was explanatory in this subgroup. The significant reduction in risk in the longest-serving
veterans persisted after adjustment for SES, indicating a true HWE. Veterans who died were
more likely to have a history of smoking-related disease or peptic ulceration than non-
veterans, whilst ESL who died were especially likely to have a record of mental health
disorder. We found no evidence to support drug or alcohol misuse as a disproportionate

contributor to mortality in veterans.

Strengths of this study include access to length of service data in a very large cohort,
covering a wide spectrum of military experience, and up to 30 years follow-up. We used
mortality data from national death records, which are likely to be reliable and reasonably
complete for events occurring in Scotland. It is therefore likely that our results represent a

true picture of the HWE in Scottish veterans, and may be generalisable to all UK veterans.



Limitations include possible loss of subjects due to migration or loss of data due to
overseas deaths. We excluded military personnel who died in service, including as a result
of hostile action, as they did not meet the inclusion criterion of registration with NHS
Scotland post-service. As the in-service death rate has historically been around 1 per 1,000
per year, reducing recently to around 0.4 per 1,000 [25], the number excluded is likely to be
small. We had no follow-up data before the start of linked health data collection in Scotland
from 1 January 1981, but as the oldest members of the cohort were only aged 36 then, few
are likely to have died after discharge from service by then. Because the dataset was
derived from demographic, vital record and hospital admissions data, we had no
information on individual combat exposure, military trade, civilian occupation, or personal
lifestyle risk factors such as smoking or alcohol. We inferred smoking prevalence from
earlier studies of serving military personnel [5]. Veterans with reserve service only could not
be identified from NHS records and were therefore included as non-veterans. This may
have reduced observed differences between veterans and non-veterans, although the

number of reservists potentially included is small, and unlikely to have changed our findings.

Although mortality data for serving personnel are routinely reported as National
Statistics [25], and studies have been conducted on personnel who have served in the
Falklands[18], the Persian Gulf [19], and those who participated in nuclear tests in the 1950s
and 1960s [26], this is the first study, to our knowledge, reporting mortality in a large
unselected cohort of UK veterans with heterogeneous experience of exposure to conflicts
and hazards, compared with people with no record of service. The poorest outcomes were

in veterans with the shortest service (ESL), of whom 40% did not complete training and



therefore could not have deployed operationally. Education is probably a confounder [27],
as longer service is generally associated with higher rank, which requires a higher
educational level. Smoking is also likely to be a factor as higher rank is associated with

increased prevalence of both never-smoking and smoking cessation [28].

We reported antecedent diagnoses rather than causes of death as we only had a
single ICD code for each individual cause of death, which may not have captured underlying
conditions. We have reported on mortality and case-fatality in specific conditions
elsewhere [6,21,29]. Smoking-related diseases were the commonest antecedent diagnoses
in veterans who died (Table 2), affecting 46% of veterans compared with 39% of non-
veterans, demonstrating the importance of lifestyle factors. Even among non-ESL, the
negative gradient of risk with length of service which we have demonstrated elsewhere, [8]
combined with the greater proportion of non-ESL (two-thirds) who served for less than 12
years, results in these conditions having a major impact. Nonetheless, there were few
differences in the proportion of pre-existing physical conditions between ESL and non-ESL
veterans who died, apart from hepatitis C, which was less common in non-ESL. It was only
among mental health conditions that differences emerged. ESLs who died were more likely

to have previously experienced mental ill-health than the longer-serving veterans (Table 2).

As the oldest of the Scottish Veterans cohort were aged 67 at the end of follow-up,
most deaths represent premature mortality. It is likely that the decision to choose a military
career and the recruit selection process excluded many people with an early-onset life-
limiting condition. It might therefore be expected that selection bias would reduce mortality

in veterans, as the non-veterans include people unfit for military service. The absence of



any overall difference in the risk of mortality in veterans compared with the non-serving
population is the net effect of higher risk in those with the shortest service and the earliest
birth cohorts, and reduced risk in longer-serving veterans who experienced the benefits of

continued employment.

Later non-ESL birth cohorts show reduced mortality risk, reflecting better health
outcomes in this group as reported elsewhere [6-8], which may be attributable to military
workplace health promotion initiatives introduced from the late 1970s. For ESLs who failed
to complete training, it is highly unlikely that military service played a causal role in their
increased mortality, as they could not have deployed operationally, and it is more likely that
pre-service risk factors determined their longer-term trajectory. This is supported by the
attenuation of their excess risk after adjusting for SES. The absence of reduced mortality
risk in any ESL birth cohort is consistent with their service being too short to benefit from
military health promotion. ESLs therefore form a cohort of ‘less healthy leavers’ compared
with longer-serving ‘healthy workers’, paralleling findings of the Scottish Veterans Health
Study in respect of mental health [23] and providing further evidence that health outcomes

of ESLs are largely determined by pre-service factors.

KEY LEARNING POINTS

What is already known about this subject:



* The ‘healthy worker effect’ predicts that those who have been employed for longer exhibit
reduced mortality, but it is not known whether this is also valid for military service.

What this study adds:

e The results of this large retrospective cohort study examining mortality among veterans
have shown that the risk of mortality in comparison with a matched non-veteran group is
increased in those with the shortest service.

e There is a reduction in risk with length of service, and veterans who have served for
longest are at reduced risk of death in comparison with non-veterans.

* The increased mortality in those with shorter service is likely to be attributable to socio-
economic factors and to risk factors such as higher rates of smoking.

What impact this may have on practice or policy:

* The study provides reassurance that longer service in the armed forces does not have a

detrimental effect on post-service mortality.
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Table 1. Cox proportional hazard ratios for mortality in veterans, overall and by subgroup,

referent to all non-veterans

Univariate Multivariate*
Veterans Non-
veterans . o
n=56,205 n=172,741 HR 95% ClI P HR 95% ClI P
Deaths Deaths
Overall 3529 10,947 1.02 0.98-1.06 NS 0.97 0.93-1.00 NS
Men 3342 10,192 1.01 0.97-1.05 NS 0.96 0.92-1.00 <0.05
Women 187 755 1.03 0.88-1.21 NS 1.01 0.86-1.18 NS
Length of service
ESL untrained 453 NA 1.15 1.04-1.26 <0.01 1.06 0.96-1.16 NS
ESLtrained 645 NA 1.17 1.09-1.27 <0.001 1.05 0.97-1.14 NS
4-12 years 1498 NA 1.02 0.97-1.07 NS 0.95 0.90-1.01 NS
>12 yrs 696 NA 0.82 0.76-0.88 <0.001 0.86 0.80-0.93 <0.001

*adjusted for socioeconomic status (SIMD quintile)
HR hazard ratio; Cl confidence interval; ESL Early Service Leavers



Table 2. Antecedent diagnoses by leaver status, and odds ratios for veteran status

All veteran ESL Non-ESL Non-
Recorded Deaths Deaths Deaths veteran OR 95%cl P
Medical history n=3,529 n=1,098 n=2,194 Deaths
n (%) n (%) n (%) n=10,947
n (%)

Smoking-related 1,609 (46) 503 (46) 1,002 (46) 4,230 (39) 1.18 1.13-1.23 <0.001
disease
Any cancer 1,233 (35) 372 (34) 782 (36) 3,506 (32) 1.09 1.03-1.15 <0.01
Smoking-related 709 (20) 217 (20) 442 (20) 1,729 (16) 1.27 1.18-1.38 <0.001
cancer
Lung cancer 370 (11) 119 (11) 224 (10) 900 (8) 1.28 1.14-1.43 <0.001
Colorectal cancer 126 (4) 37 (3) 78 (4) 380 (4) 1.03 0.84-1.25 NS
Prostate cancer 46 (1) 13 (1) 31(2) 130 (1) 1.08 0.77-1.51 NS
Cardiovascular 808 (23) 253 (23) 498 (23) 2,139 (20) 1.17 1.09-1.26 <0.001
disease
AMI 576 (16) 183 (17) 358 (16) 1,483 (14) 1.20 1.10-1.32 <0.001
COPD 482 (14) 173 (16) 280 (13) 1,300 (12) 1.15 1.04-1.27 <0.01
Alcoholic liver 445 (13) 138 (13) 271 (12) 1,361 (12) 1.01 0.92-1.12 NS
disease
Peptic ulcer 323 (9) 102 (9) 201 (9) 819 (8) 1.22 1.08-1.38 <0.01
Hepatitis C 34 (0.9) 16 (2) 15 (0.7) 214 (2) 0.49 0.34-0.71 <0.001
Any mental 476 (14) 190 (17) 253 (12) 1,369 (13) 1.08 0.98-1.19 NS
health disorder
Mood disorder 274 (8) 109 (10) 149 (7) 770 (7) 1.10 0.97-1.26 NS
Anxiety 225 (6) 93 (9) 120 (6) 577 (5) 1.21 1.04-1.40 <0.05

Stress/PTSD 89 (3) 36 (3) 49 (2) 199 (2) 1.39 1.08-1.78 <0.01

Other anxiety 136 (4) 57 (5) 71 (3) 378 (4) 1.12 0.93-1.36 NS
Psychosis 116 (3) 47 (4) 55 (3) 412 (4) 0.87 0.71-1.07 NS

Odds ratios for all veterans referent to non-veterans (prostate cancer: men only)

Cardiovascular disease: Acute myocardial infarction (AMI), stroke, peripheral arterial disease

Smoking-related cancer: Lung, oropharynx and larynx, oesophagus, stomach, kidney, bladder
Smoking-related disease: Smoking-related cancer, cardiovascular disease, chronic obstructive pulmonary
disease (COPD), peptic ulcer

Any mental health disorder: Mood disorder, anxiety including post-traumatic stress disorder (PTSD), psychosis
OR odds ratio; Cl confidence interval; ESL Early Service Leavers
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Figure 3. Hazard ratios for mortality in veterans by leaver status, compared to non-

veterans, by birth cohort

(a) ESL referent to all non-veterans (b) Non-ESL referent to all non-veterans



