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ABSTRACT

Objectives Type 2 diabetes is an important public health
problem but the risk in UK military veterans is unknown.
We used data from the Trends in Scottish Veterans' Health
study to investigate the risk in comparison with people
with no record of service.

Design Retrospective cohort study of a large national
sample in Scotland, with up to 37 years follow-up.
Setting Pseudoanonymised extract of computerised
Scottish National Health Service records, including a
disease register and national vital records.

Participants 78 000 veterans and 253 000 people with
no record of service matched for age, sex and area of
residence.

Outcome measures Cox proportional HRs for first

record of type 2 diabetes in veterans compared with non-
veterans, overall and by sex and birth cohort. Long-term
trend, comorbidity with specific mental health outcomes
and risk of limb loss.

Results Overall, 7.2% of veterans were diagnosed

with type 2 diabetes, and were at slightly increased risk
compared with non-veterans, Cox proportional HR 1.08,
95%Cls 1.04 to 1.11, p<0.001. The increased risk was
confined to men, and to veterans born prior to 1960.
There has been no change in HR over the last 25 years.
Among veterans with post-traumatic stress disorder
(PTSD), 12.1% had been diagnosed with type 2 diabetes,
compared with 9.4% of non-veterans with PTSD. The
difference was statistically significant, OR 1.29, 95% Cl
1.04 to 1.59, p=0.021. Risk of limb loss was increased
among the oldest veterans.

Conclusions Older veterans in Scotland have an
increased risk of type 2 diabetes in comparison with non-
veterans, but there is no difference in respect of younger
veterans, and the pattern of risk shows no evidence that it
is changing. There is a positive association between type 2
diabetes and PTSD, especially in the presence of comorbid
mood disorder, an important finding which should be noted
by care providers.

INTRODUCTION

Type 2 diabetes represents a major public
health challenge, with numbers having
doubled in 30 years, particularly in high-
income countries.! Known risk factors include
obesity, ethnicity and genetics.?” It is far from
a benign condition; major cardiovascular
associations include ischaemic heart disease
and lower limb ischaemia, and there is an
increased risk of lower limb amputation.*

, Daniel Mackay, J P Pell

Strengths and limitations of this study

» This is a large retrospective study comparing long-
term outcomes in veterans in Scotland with matched
non-veterans.

» The health outcome data were derived from com-
puterised National Health Service and national vital
records, including a national disease register, thus
reducing the risk of recall bias.

» Primary care data were not available, therefore, the
results for mental health comorbidities represent
only the more severe end of the spectrum where
hospitalisation occurred.

» No information was available on personal lifestyle
factors such as obesity which could have influenced
risk of diabetes, nor on occupational factors other
than a history of military service.

Thus in the long term, type 2 diabetes is an
important determinant of care and welfare
needs.’

In Scotland around 5.6% of the popula-
tion is living with diabetes, of which 87.9%
is type 2. Age-specific prevalence of type 2
diabetes rises from 2.4% at age 40—44 years,
to 15.2% at age 70-74 years. Among people
with type 2 diabetes who have a recorded
BMI, 87% are overweight or obese.” The
prevalence has been rising in recent years,
although UK primary care evidence from the
Clinical Practice Research Datalink suggests
that there has been little change in the inci-
dence.” However, there is a paucity of infor-
mation on the epidemiology of diabetes in
the veteran population. While pre-existing
diabetes is a bar to military recruitment, and
leads to restriction of duties (medical down-
grading) or retirement (medical discharge) if
developed during service, type 2 diabetes in
particular may be compatible with continued
service in a reduced medical employability
category,® or it may develop after discharge
from the Armed Forces.

The Armed Forces Covenant’ stipulates that
members of the Armed Forces community,
including veterans, should face ‘no disadvan-
tage’ compared with other members of the
community, and it is, therefore, important

BM)

Bergman BP, et al. BMJ Open 2022;12:€057431. doi:10.1136/bmjopen-2021-057431 1


http://bmjopen.bmj.com/
http://orcid.org/0000-0003-4596-3399
http://dx.doi.org/10.1136/bmjopen-2021-057431
http://dx.doi.org/10.1136/bmjopen-2021-057431
http://dx.doi.org/10.1136/bmjopen-2021-057431
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2021-057431&domain=pdf&date_stamp=2022-02-02

for healthcare providers to be aware of health conditions
which may be more prevalent in those who have served.
In order to address this knowledge gap in respect of type
2 diabetes, we used data from Trends in Scottish Veterans’
Health, the follow-up to the 2012 Scottish Veterans Health
Study, to examine the risk of the condition in Scottish
veterans in comparison with age-matched, sex-matched
and geographically matched non-veterans.

METHODS

Trends in Scottish Veterans’ Health is a retrospective
cohort study of all 78 385 military veterans resident in
Scotland who were born between 1 January 1945 and
31 December 1995, and a comparison group of 252 637
individuals with no record of service (‘non-veterans’)
matched 3:1 for age, sex and postcode sector of residence
(mean population 5000). A full cohort description has
been published elsewhere.'’ Veterans were eligible for
inclusion if they were registered with National Health
Service (NHS) Scotland both preservice and postservice.
The study updates and builds on the Scottish Veterans
Health Study, using similar methodology which is fully
described elsewhere."" Demographic data obtained
from electronic NHS registration records were linked at
an individual level to routine hospital admissions data
(Scottish Morbidity Record SMRO1), psychiatric hospital
admissions (SMRO04), the Scottish Diabetes Register
and death certificates to provide information on all first
recorded diagnoses of diabetes by type, cardiovascular
disease (CVD) including peripheral arterial disease
(PAD), mental health diagnoses, lower limb amputa-
tion and all-cause death. Dates of entering and leaving
the Service, for veterans, were obtained from the Scot-
tish NHS registration record. The maximum period of
follow-up was from 1 January 1981 (or date of leaving
the Armed Forces, for veterans, if later) to 31 December
2017, the point at which the dataset was extracted.

Patient and public involvement
As this was a pseudoanonymised secondary data study,
there was no direct patient or public involvement.

Socioeconomic status

A measure of area-based socioeconomic status (SES) is
provided by the Scottish Index of Multiple Deprivation
(SIMD), which subdivides the nation into 6505 datazones,
defined by postcode, each covering a mean population
of 800. Deprivation is assessed based on information on
income, employment, health, education (including skills
and training), housing, crime and access to services.
From the SIMD, quintiles of SES for the Scottish popula-
tion have been derived; ranging from 1 (most deprived)
to 5 (least deprived).'” The cohort participants were cate-
gorised according to these general population quintiles
using their postcode of residence.

Statistical methods
For the purposes of the study, a diagnosis of diabetes
was defined as International Classification of Diseases

(ICD) version 10 (ICD-10) E10-E14 or ICD-9 250 at any
position in the SMR record, or an entry in the Scottish
Diabetes Register. For Scottish Diabetes Register entries,
we restricted the analysis to type 2 diabetes. For SMRO1
records, where type of diabetes was not specified in our
dataset, we restricted the analysis to cases first diagnosed
at age 30 or later to exclude likely cases of type 1 disease.
PAD was defined as ICD-10 173-179 or 1702 or ICD-9
443.9 or 440.2, while CVD was defined as a composite of
acute myocardial infarction (ICD-10 code 121 or ICD-9
code 410), stroke (ICD-10 codes 160-164 or ICD-9 codes
480-432) and PAD."’ Lower limb amputation was defined
as any occurrence of OPCS-4 code X01, X07, X08, X081,
X09, X095, X11 or X12, including subcodes where appro-
priate, or OPCS-3 codes 870-875 or 862-864.* Alcohol-
related death was defined in accordance with the National
Statistics classification."”

Cox proportional hazard models were used to examine
the association between veteran status and cumulative
risk of type 2 diabetes, using age as the time dependent
variable, age at first record of diabetes as the failure
time, and death (if no diabetes) as the censor time. We
also examined comorbidity with CVD, with lower limb
amputation, and with mental health diagnoses overall
(anxiety, mood disorders and psychosis) where this was
recorded on the in-patient or death record. We specifi-
cally examined association with severe stress or post-
traumatic stress disorder (PTSD) (ICD-10 F43 or ICD-9
308 or 309), and with major causes of death. HRs and
p values were calculated and the a priori rejection level
was set at 0.05. Proportionality was tested using method-
ology based on Schoenfeld residuals,"* and interactions
were tested using the likelihood ratio test. The models
were run univariably and then repeated adjusting for the
potential confounding effect of SES. The analyses were
repeated stratifying by grouped year of birth in 5-year
bands to examine birth cohort effects, and by length of
service in categories representing most common terms of
engagement. Comorbidities were examined using ORs.
All analyses were performed using Stata V.16.

RESULTS

After data cleansing to remove 228 veterans with invalid
dates of service, 78 157 (99.7%) were included in the
analysis, together with 252 637 people with no record
of military service. No non-veterans were excluded as a
result of data cleansing. There were 7573 women among
the veterans (9.7%), reflecting the gender balance of the
Armed Forces.

Over up to 37 years of follow-up, there were 5663
(7.2%) incident cases of type 2 diabetes among the
veterans, compared with 16 175 (6.4%) in non-veterans.
Overall, veterans were at slightly increased risk, Cox
proportional HR 1.08, 95% CI 1.04 to 1.11, p<0.001,
although the increase was confined to older veterans as
shown in the Nelson-Aalen plot (figure 1). The likelihood
ratio test for interaction was highly significant, p<0.001.
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Figure 1 Nelson-Aalen plot of risk of type 2 diabetes in

veterans and non-veterans.

Adjusting for SES resulted in only a slight attenuation
of overall risk, HR 1.06, 95% CI 1.02 to 1.09. p<0.001.
The increase in risk was confined to male veterans. There
were 5377 (7.6%) cases in male veterans, compared with
15 031 (6.7%) cases in male non-veterans, HR 1.07, 95%
CI 1.04 to 1.10, p<0.001, while the corresponding figures
for women were 286 (3.8%) for veterans and 1144 (4.0%)
for non-veterans, HR 1.00, 95% CI 0.88 to 1.14, p=0.964.
The likelihood ratio test for interaction with sex was non-
significant, p=0.312.

Analysis by birth cohort confirmed that the excess risk
was restricted to veterans born before 1965, although it
only became statistically significant for veterans born prior
to 1960 (figure 2). The unadjusted HR for pre-1960 births
was 1.11, 95% CI 1.08 to 1.16, p<0.001, compared with
0.96, 95% CI 0.91 to 1.02, p=0.235 for people born from
1960 onwards. For the pre-1960 birth cohorts, length of
veterans’ service had little impact on the increased risk of
type 2 diabetes, although those with over 16 years’ service
had no significant increase in risk compared with non-
veterans. For veterans born from 1960 onwards, there was
no increase in risk in any length of service group other
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Figure 2 HRs for type 2 diabetes in veterans and non-
veterans, by birth cohort.
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Figure 3 Kernel density graph for veterans with diabetes by
length of service, compared with all veterans.

than the Early Service Leavers, although their increase was
non-significant. The kernel density graph for all veterans
with diabetes by length of service (figure 3) demonstrates
that it closely matches the curve for all veterans.

By the end of follow-up, 750 (13.2%) veterans with type
2 diabetes had died, compared with 2109 (13.0%) non-
veterans with type 2 diabetes. There was no statistically
significant difference in case-fatality between veterans
and non-veterans, OR 1.02, 95% CI 0.94 to 1.10, p=0.693.
The most common cause of death in both veterans and
non-veterans was acute myocardial infarction or isch-
aemic heart disease, accounting for 24.1% of deaths in
veterans with type 2 diabetes and 21.6% in non-veterans.
The second most common cause of death was lung
cancer. Alcohol-related causes accounted for 5.6% of the
deaths in veterans with type 2 diabetes and 7.4% of deaths
in diabetic non-veterans; the reduction in veterans was
not statistically significant, OR 0.75, 95% CI 0.54 to 1.05,
p=0.088.

We performed a sensitivity analysis to examine trends
over time, looking at the notional risk if the analysis had
been performed at earlier points, and found that the
increase in risk was highest in 1983, although the CIs were
wide as the oldest of the study subjects was only 38 years of
age and there were few cases. The excess risk in veterans
fell rapidly thereafter to reach a steady pattern of either
no increase, or only a small increase, since the late 1980s
(figure 4). In the last 25 years, there has been no evidence
of changing risk in veterans, relative to non-veterans, over
time.

Veterans who had a type 2 diabetes diagnosis were no
more likely to have a mental health diagnosis overall
than diabetic non-veterans, OR 1.06, 95% CI 0.96 to 1.16,
p=0.251, but they were twice as likely as non-veterans to
have been hospitalised with PTSD, OR 2.02, 95% CI 1.61
to 2.52, p<0.001. Among veterans with PTSD, 12.1% had
been diagnosed with type 2 diabetes, compared with 9.4%
of non-veterans with PTSD. The difference was statistically
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Figure 4 HRs for type 2 diabetes at notional earlier
endpoints, veterans compared with non-veterans.

significant, OR 1.29, 95% CI 1.04 to 1.59, p=0.021.
Around half of both veterans and non-veterans with
type 2 diabetes and PTSD had an associated diagnosis of
mood disorder. Veterans overall were more likely to have
PTSD and comorbid mood disorder compared with non-
veterans, OR 1.76, 95% CI 1.57 to 1.98, p<0.001 and, of
those veterans, 14.4% had type 2 diabetes, compared with
12.4% of non-veterans with the dual mental health diag-
nosis, although the difference did not achieve statistical
significance.

There was a small increase in the positive association
between CVD and diabetes in veterans in comparison
with non-veterans, OR 1.16, 95% CI 1.09 to 1.25, p<0.001
for a CVD diagnosis in those with type 2 diabetes, and
OR 1.10, 95% CI 1.03 to 1.17, p=0.005 for a diagnosis of
type 2 diabetes for those with CVD." Over the period of
the study, 61 veterans with diabetes (1.08%) underwent
a lower limb amputation, compared with 154 (0.95%)
of non-veterans with diabetes. The difference was not
statistically significant overall, HR 1.03, 95% CI 0.77 to
1.41, p=0.807, although there was an increase in risk for
veterans born prior to 1955, HR 1.12,95% CI 1.08 to 1.15,
p<0.001.*

DISCUSSION

In the first study, to our knowledge, of the long-term risk
of type 2 diabetes in a UK veteran cohort in comparison
with people with no record of military service, we have
found a modest increase in risk in those born prior to
1960, except those with the longest military service,
but no increase in risk among veterans born from 1960
onwards. Our findings also provide reassurance that the
risk in comparison with non-veterans is not increasing
over time. The pattern of change in risk from an excess
in earlier-born veterans, to no significant difference or
a reduction in risk in veterans born from 1960 onwards,
mirrors the pattern seen in many conditions in our other
veteran health studies, including CVD. In our recent
paper on trends in CVD," we report that the neutral
inflection point at 1960 remained unchanged between

the 2012 and 2017 datasets, despite ageing of the cohort
by 5 years, suggesting a genuine change in risk profile.

People who were born in 1960 and later would have
generally joined the Armed Forces from 1978, when the
emerging Defence Health Strategy began to be imple-
mented with the introduction of a Basic Fitness Test and
mandatory health promotion in the Army."” We, there-
fore, find increasing evidence that this has had a measur-
able and lasting beneficial impact on the health of later
veterans, excluding those who left prior to the completion
of initial training and whose service was not long enough
to benefit (Early Service Leavers). With the oldest of this
post-1959 birth cohort aged 57 years at the end of data
collection, and the risk of type 2 diabetes increasing from
the mid-40s,'® it is unlikely that the observed finding is an
artefact due to the cohort not yet having reached peak
incidence.

Notwithstanding that the risk for veterans now is no
greater than for non-veterans, diabetes is an important
public health problem,' and obesity is recognised to be
a major risk factor.” The majority of studies on obesity
in the military have come from the USA, but a 2013 UK
study drew on data from the British Army Fitness Infor-
mation Statistical Software system and concluded that
12.0% of serving male military personnel and 8.6% of
females met the BMI criteria for obesity. Those who were
obese were more likely to be older and of lower rank,
while combat soldiers were at lowest risk of obesity.'” The
authors concluded that 24% of male and 30% of female
soldiers were at increased risk of obesity-related disease,
lower than the UK civilian rate of 57% of men and 56%
of women.'® No studies of obesity in UK veterans overall
have been identified, although 35.5% of a sample of
veterans seeking help for mental health problems were
found to be obese."

An important finding from our study was the posi-
tive association between type 2 diabetes and PTSD,
although the nature of our data and natural history of
both conditions did not permit the direction of putative
causality to be determined. Our finding mirrors that of
the US military Millennium Cohort Study, which exam-
ined risk factors for developing diabetes and found that
baseline PTSD was significantly associated with risk of
diabetes (OR 2.07, 95% CI 1.31 to 3.29), similar to our
own finding, but that there was no association between
diabetes and other mental health conditions or deploy-
ment.”” The risk increases in the presence of comorbid
depression,?' which is similarly supported by our findings.
Data on middle-aged men followed up in the Vietnam Era
Twin Study have shown a 40% increase in prospective risk
of diabetes in those with PTSD.* Attempts have been
made to model the influence of poor health behaviours
in veterans to explain the association between PTSD,
diabetes and CVD, although the results have been incon-
clusive.” Studies in civilian populations have also demon-
strated an association between PTSD and type 2 diabetes;
a mechanism of chronic stress leading to a chronic
inflammatory response has been postulated.** A history of
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adverse childhood events has also been suggested as a risk
factor; a review of the evidence generally found a positive
association with both physical and sexual abuse in child-
hood and development of type 2 diabetes in adulthood.”
The association between adverse childhood events and
later PTSD is well documented, including in UK military
personnel.*® ? Our finding highlights the importance
of a holistic approach to veterans (and indeed to non-
veterans) presenting with symptoms of PTSD, to exclude
treatable comorbidities such as diabetes, encourage treat-
ment compliance where appropriate, and ensure delivery
of preventive advice.

The finding that there has been little change in the risk
relative to non-veterans for nearly 30 years also provides
reassurance thatitis unlikely that there are other military-
specific factors now influencing the risk of type 2 diabetes
in veterans. Older veterans (pre-1960 birth cohorts), by
contrast, generally demonstrate poorer long-term health
than people who have never served, especially in respect
of lifestyle-related morbidity such as CVD'" ' and, from
our present study, diabetes. It is plausible that this reflects
unhealthy behaviours such as smoking, obesity and lack
of exercise during and after their service at a time when
healthy behaviour patterns were not actively promoted
in the Armed Forces, while those who adopted a healthy
lifestyle during service tended to maintain that lifestyle as
a veteran.” This has important implications for care and
welfare needs in the ageing veteran population, as well as
presenting opportunities for targeted health promotion
for veterans in primary care.

Strengths of this study include the very large dataset
and long period of follow-up. Access to data from the
Scottish Diabetes Register as well as Scottish computer-
ised secondary healthcare records has maximised case
ascertainment. The use of record linkage to analyse indi-
vidual level data directly derived from health records
allowed a robust cohort study design to be employed,
while data on sex, year of birth and length of service facil-
itated subgroup analysis.

Limitations include possible loss to follow-up of subjects
due to migration away from Scotland, which could not be
quantified so the assumption has been made that there was
no systematic difference in this respect between veterans
and non-veterans. No data were available on obesity at an
individual level so we have cited other published studies
on obesity in serving personnel. In the absence of infor-
mation on lifestyle factors, it is possible that residual
confounding may have been present, of which we had no
visibility. Primary care data were not available, therefore,
the data for mental health represent only the more severe
end of the spectrum where hospitalisation resulted. We
have been unable to link to in-service records, therefore
any cases arising during military service will not have been
captured until after leaving service and returning to NHS
care, although it is unlikely that this would have affected
our findings. We were not able to determine the Service
(Royal Navy, Army, Royal Air Force) to which a veteran
belonged, and other than a history of military service we

had no data on occupational factors, so we were unable
to examine the effect of these. Veterans with Reserve
service only could not be identified from NHS records
and were therefore included among the non-veterans;
this would have had the effect of reducing any observed
differences between veterans and non-veterans although
the numbers involved are likely to be too small to have
an important impact on our findings. The number of
veterans excluded during data cleansing is also small and
therefore unlikely to impact on our findings. It is esti-
mated that around 14% of people in Scotland with type
2 diabetes have not yet been diagnosed,” and will not,
therefore, appear on NHS records. We have made the
assumption that the prevalence of undiagnosed diabetes
does not differ between veterans and non-veterans.

CONCLUSION

Older veterans in Scotland (born prior to 1960) have
an increased risk of type 2 diabetes in comparison with
people who have never served, but there is no differ-
ence in respect of younger veterans, and the pattern of
risk shows no evidence that it is changing. We found an
important positive association between type 2 diabetes
and PTSD which was stronger in veterans than in non-
veterans and was consistent with studies of US veterans.
Lifestyle advice aimed at reducing the burden of diabetes
in older veterans would be of benefit, but most impor-
tantly, providers of care to veterans suffering from PTSD
should be aware of their increased risk of type 2 diabetes
and should ensure appropriate screening, advice and,
where necessary, treatment.
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