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Background This study investigated the relationship between combat-related traumatic injury (CRTI) and its severity
and predicted cardiovascular disease (CVD) risk.

Material and methods This was an analysis of comparative 10-year predicted CVD risk (myocardial infarction, stroke
or CVD-death) using the QRISK®3 scoring-system among adults recruited into the Armed Services Trauma Rehabilita-
tion Outcome (ADVANCE) cohort study. Participants with CRTl were compared to uninjured servicemen frequency-
matched by age, sex, rank, deployment (Afghanistan 2003-2014) and role. Injury severity was quantified using

the New Injury Severity Score (NISS).

Results One thousand one hundred forty four adult combat veterans were recruited, consisting of 579 injured (161
amputees) and 565 uninjured men of similar age ethnicity and time from deployment/injury. Significant mental ill-
ness (8.5% vs 4.4%; p=0.006) and erectile dysfunction (11.6% vs 5.8%; p <0.001) was more common, body mass index
(28.1+3.9vs 27.4+3.4 kg/m? p=0.001) higher and systolic blood pressure variability (median [IQR]) (1.7 [1.2-3.0] vs
2.1 [1.2-3.5] mmHg; p=0.008) lower among the injured versus uninjured respectively. The relative risk (RR) of pre-
dicted CVD (versus the population expected risk) was higher (RR:1.67 [IQOR 1.16-2.48]) among the injured amputees
versus the injured non-amputees (RR:1.60 [1.13-2.43]) and uninjured groups (RR:1.52 [1.12-2.34]; overall p=0.015).
After adjustment for confounders CRTI, worsening injury severity (higher NISS, blast and traumatic amputation) were
independently associated with QRISK®3 scores.

Conclusion CRTI and its worsening severity were independently associated with increased predicted 10-year CVD
risk.
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Introduction

Cardiovascular disease is the leading cause of premature
death and a major cause of disability in the UK [1, 2].
There is an increasing body of evidence to suggest that
combat-related traumatic injury (CRTI) may be linked to
increased cardiovascular disease (CVD) risk [3—5]. How-
ever, this data is based on relative low quality studies that
either lacked an uninjured comparator group or when
they did these were not matched by age or exposure
and hence are heavily prone to bias [3, 5-7]. The recent
wars in Afghanistan and Iraq have brought this issue into
sharper focus. For example, in the British-led military
operation in Afghanistan (2002-2014) alone 2,187 sol-
diers were wounded and their longer-term health conse-
quences of these injuries remain unknown [8, 9].

The on-going ArmeD SerVices TrAuma and Rehabili-
tatioN OutComE (ADVANCE) Study has been designed
to explore the relationship between CRTI on long-term
CVD and other health outcomes among this Afghani-
stan military cohort [10]. Recently published baseline
data from the ADVANCE cohort has shown that arte-
rial stiffness and the prevalence of metabolic syndrome
was greater in veterans with CRTI compared with a fre-
quency matched similar sized group of deployed vyet
uninjured veterans and were independent of age, ethnic-
ity, time from injury/deployment and rank [4]. This risk
was further enhanced by worsening injury severity.

The determination of a causal relationship between
CRTI and clinical CVD will require much longer-term
follow up over >15-20 years given the current age of the
ADVANCE cohort. One method that could be used to
gain further early insight into the future CVD risk follow-
ing CRTI is the use of composite cardiovascular risk cal-
culators [11]. They have been shown to provide relatively
accurate estimations of future CVD risk, in individuals
and populations without major atherosclerotic disease.
Several have been widely adopted into mainstream clini-
cal practice to identify individuals at greater CVD risk,
for targeted primary prevention strategies including
early statin treatment [12]. Unfortunately, the majority of
available CVD risk calculators have not been validated in
younger adults and the comparative estimation of future
CVD risk among a cohort of injured versus uninjured
contemporary combat veterans has not been conducted
[11, 12].

The QRISK®3 represents an important advance in
CVD risk; it is validated across a far wider age range (25—
84 years) than the majority of available CVD risk calcu-
lators with 2.67 and 7.89 million patients being included
in its validation and derivation cohorts respectively [13].
Its precision is rated as excellent and particularly strong
when used to estimated future CVD risk in younger
adult populations [13, 14]. QRISK®3 has recently been
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incorporated into the National Institute for Health and
Care Excellence (NICE) primary CVD prevention Guide-
lines with the recommendation to start statin treatment
in adults without known CVD and 10-year CVD risk
of >10% [15].

In this study we sought to investigate the relationship
between CRTI and future CVD risk in the ADVANCE
Study Cohort. We hypothesised that CRTI would be
associated with an increased 10-year predicted CVD risk
compared with a matched cohort of uninjured veterans.
Secondly, we hypothesised that worsening injury severity
would enhance this risk.

Methods

Study population and design

The participants for this study consisted of the com-
pleted baseline participants included in the ADVANCE
Study. ADVANCE is an on-going prospective longitudi-
nal cohort study of adult male military personnel (aged
18-50 years at recruitment) who were deployed dur-
ing Operation HERRICK (Afghanistan 2002-2014).
The detailed protocol and baseline characteristics of the
recruited cohort have been previously reported [16]. In
brief, the final recruited cohort consists of 579 adults
with CRTI (exposure) sustained during deployment to
Afghanistan, who were frequency-matched to 565 unin-
jured men by age, service, rank, regiment, deployment
period and role in-theatre. The planned duration of fol-
low up of this cohort is expected to be > 20 years. Persons
with known cardiovascular disease or active infection/
inflammation were excluded [16].

The baseline participant recruitment visits were con-
ducted at the Defence National Medical Rehabilita-
tion Centre at Headley Court, Surrey from 2016-2018
and thereafter at Stanford Hall, Nottinghamshire until
completion in 2020. Prior to arrival all participants
were advised to fast for>8 h and abstain from smoking
for>4 h. Primary data used to quantify the predicted
composite CVD risk were collected at the single baseline
visit and led by a trained research nurse. socioeconomic
status was estimated using military rank which was cat-
egorised into three groups based on NATO ranks as
previously described: Officer rank (OF-1 to OF10), Non-
commissioned Officers (other ranks [OR] OR5 to OR9)
and lower/other ranks (OR1 to 4) [4].

Calculation of predicted cardiovascular risk

Predicted CVD risk was quantified using the 21-field
QRISK®3 Scoring system and calibrated for UK data
[13]. This risk calculator estimates the estimated
10-year absolute CVD (confirmed coronary artery dis-
ease, myocardial infarction, stroke, transient ischae-
mic attack or cardiovascular-related death) risk score
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as well as the relative risk (compared with population
expected risk). Electronic weighing scales and a sta-
diometer were used to record participant weight and
height respectively (to determine body mass index
[BMI]). An adjusted weight calculation was performed
for the amputees to account for the mass of their
missing limbs as previously described and validated
[17]. Brachial blood pressure was measured using the
Vicorder device in a temperature-controlled, noise-free
environment with the arm cuff attached to the partici-
pant in a supine position with a minimum of at least
three readings taken [4]. Fasted venous blood samples
were processed at the validated local National Health
Service Hospital laboratories. Serum creatinine was
used to estimate glomerular filtration rate (eGFR) and
identify underlying chronic kidney disease. Blood lipid
levels were used to calculate the total cholesterol/high-
density [HDL] cholesterol ratio. Glycated haemoglobin
(HbA1c) and fasting blood glucose levels were used to
exclude the presence of undiagnosed diabetes mellitus.
Determination of erectile dysfunction was through the
Arizona Sexual Experiences Scale [18]. The detailed

Table 1 Variable definitions used to obtain QRISK®3 scores
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case definitions used to calculate QRISK®3 scores are
shown in Table 1.

Deployment data were obtained from the depart-
ment of Defence Statistics UK. Injury details, including
amputation status, were obtained through a synthesis
of participant questionnaires, clinical examination and
information from the Joint Theatre Trauma Registry.
Injury severity was quantified using the New Injury
Severity Score (NISS) which uses the sum of squares of
the three most severe injuries irrespective of body region
injured from the 2008 updated abbreviated Injury scale
[10, 19]. Nurse-led questionnaires were used to docu-
ment the participant’s background medical history and
current medication use. The detailed criteria definitions
for each of the included cardiovascular risk factors/
identifiers to calculate QRISK®3 outputs are outlined in
Table 1. The exposure date for the uninjured group (who
were deployed at a similar time and in a similar role) was
calculated as median time from deployment to injury for
the injured group added to the deployment start date.
There were 11 unavailable/missing postcodes of which
10 were in the injured groups and 45 duplicate postcodes
(reflecting similar military accommodation) of which 37

Variable Definition / categorical coding

Age Documented in whole years

Sex Only adult males included

Ethnicity Nine categories—White or unstated, Indian, Pakistani, Bangladeshi, other Asian, Black Caribbean, black African,

Smoking status

Diabetes

15t degree relative with Ml or angina
Chronic kidney disease (stage 3,4 or 5)

Atrial fibrillation
Antihypertensive use
History of Migraine
Rheumatoid arthritis
Severe mental illness

Systemic lupus erythematosus
Atypical antipsychotics use

Use of regular steroids
Erectile dysfunction

Total Cholesterol/HDL ratio
Systolic blood pressure variability
Body mass Index

Chinese, other

Non-smoker, Ex-smoker, light smoker (< 10/day), moderate smoker (10-19/day), heavy smoker (= 20/day)
Fasting venous blood HbA1c >48 mmol/mol or glucose of >7.0 mmol/L or known type 1 or type 2 diabetes
1°' degree relative who experienced a myocardial infarction or angina under the age of 60 years

Chronic kidney disease (eGFR <60 mls/minute/BAS) or known diagnosis of and major chronic kidney disease
(including nephrotic syndrome, chronic glomerulonephritis, chronic pyelonephritis, renal dialysis, and renal
transplant)

A confirmed diagnosis of atrial fibrillation or atrial flutter including paroxysmal

Current use of at least one antihypertensive drug

A confirmed diagnosis of migraine or cluster headaches requiring specific migraine medication
A diagnosis of rheumatoid arthritis

A diagnosis of schizophrenia, psychosis, bipolar affective disease or treated depression (excluding use of ami-
triptyline for pain)

A diagnosis of systemic lupus erythematosus

Use of atypical antipsychotics including amisulpride, aripiprazole, clozapine, lurasidone, olanzapine, paliperi-
done, quetiapine, risperidone, sertindole, or zotepine

Current use oral or parenteral prednisolone, betamethasone, cortisone, depo-medrone, dexamethasone,
deflazacort, efcortesol, hydrocortisone, methylprednisolone, or triamcinolone

ASEX score of 4 or more on the erectile domain or use of specific sex hormones for the treatment of erectile
dysfunction in the presence of an abnormal score

Obtained from fasting venous blood
Standard deviation of the last three sequential systolic blood pressure readings
Calculated as height (m)/weight (kg)?

HbA1c glycated haemoglobin, eGFR estimated glomerular filtration rate, ASEX Arizona Sexual Experiences Scale, HDL high-density lipoprotein, Ml Myocardial infarction
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were in the uninjured. Consequently, post codes were not
used in the QRISK®3 calculation in order to minimise
potential bias. Out of 21x1144 (=24,024) data entries
there was 28 missing data entries (0.1%) affecting 25
participants and these applied only to blood test results
and blood pressure with no missing data for any other
variables.

A time-limited QRISK®3 batch-processor was obtained
from ClinRisk Ltd which was used to calculate the com-
posite CVD risk using the ADVANCE study clinical vari-
ables obtained on the single baseline visit. After obtaining
the relevant QRISK®3 scores, the data were subjected to
manual quality control in which a selection of batch pro-
cessed scores were randomly sampled and compared to
manually calculated scores to confirm congruence. Miss-
ing data relating to the continuous variables of systolic
blood pressure, serum cholesterol and high-density lipo-
protein cholesterol were replaced using an automated
imputation method within the QRISK3 software as previ-
ously described [13].

The primary outcome measures were the predicted
10-year QRISK®3 score (%) and the relative risk. The rela-
tive risk is calculated as the calculated absolute QRISK®3
Score divided by the expected population risk of a person
of similar age, sex and ethnic group, without risk factors
and a cholesterol/HDL ratio of 4.0 with a stable systolic
blood pressure of 125 mmHg, and BMI of 25 kg/m? (from
age-matched validation cohort) [13].

Statistical analysis
All continuous data were inspected using frequency his-
tograms to determine their distribution. Continuous
variables were presented as mean (standard deviation)
for normally distributed and median (IQR) (interquar-
tile range) for non-normally distributed data. Two-group
(injured versus uninjured) comparisons of continuous
data were examined using unpaired t-tests and Mann—
Whitney U tests for normally distributed and non-para-
metric data respectively. Similarly, one-way ANOVA and
Kruskal-Wallis test were used for>3 group compari-
sons. Comparisons of categorical variables were under-
taken using the Pearson’s x° test or the Fisher’s exact test.
General linear regression was performed using robust
standard errors to investigate the influence of injury
severity (dichotomised NISS above and <median score),
injury type (amputees versus non-amputee injured) and
mechanism (blast versus other injury types eg gunshot)
on the outcome of log QRISK®3 score as previously
described [4]. We also undertook a sensitivity analysis to
examine the relationship of NISS quartiles to QRISK®3
scores. The coefficients from the regression model were
exponentiated and reported as Geometric Mean Ratios
(GMR). The model was adjusted ‘a priori’ for age at
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injury/deployment, time from injury/deployment (hence
duration of exposure) and military rank.

All statistical analyses were performed with SPSS 26.0
(SPSS, Chicago, IL, USA) and GraphPad Prism version
6.07 for Windows (GraphPad Software, San Diego, CA,
USA). A significance threshold of 0.05 was used in all
analyses, with p <0.05 denoting statistical significance.

Ethics and dissemination

The ADVANCE Study received approval from the Min-
istry of Defence Research Ethics Committee (Protocol
Number: 357/PPE/12). All participants provided writ-
ten consent to participate in the study. Data are availa-
ble upon reasonable request. Given the sensitive nature
of the participants, the data have not been widely avail-
able and would be subject to UK Ministry of Defence
clearance.

Results

We included 1144 participants which included 579
injured and 565 uninjured servicemen (Table 2). The
adjusted response rates (excluding those who had died,
had no known contact details or for whom no contact
was attempted) were 59.6% for the injured 56.3% of the
uninjured groups. The injured and uninjured participants
were of similar age (overall mean age 34.14+5.36 years)
and ethnicity (>90% white). The time from deployment
or injury (overall 8.30+2.15 years) and average systolic
blood pressure (overall 128.8+11.2 mmHg) were also
similar (Table 2). Servicemen of junior rank were sig-
nificantly younger than those of middle and senior ranks
(32.3+4.36, 38.2+4.81 and 36.8+6.03 years; p<0.001)
respectively. Among the injured the most common
mechanism of injury was blast (75.11%). The median
NISS was 12 (IQR 5-22). There were 161 limb amputees
in the injured group.

The injured group had a greater proportion of ser-
vicemen of lower and middle ranks. The injured had a
significantly higher body mass, body mass index (over-
all average 27.8+3.68 kg/m2) and lower systolic blood
pressure variability (Table 2). A history of severe mental
health and erectile dysfunction were also more common
in the injured versus uninjured groups. There were no
other significant differences in QRISK®3 entry variables
between the injured and uninjured groups (Table 2).

There were no statistically significant differences in
QRISK®3 scores and relative CVD risk between the
injured and uninjured groups (Table 2). There was no dif-
ference in the proportion of participants with QRISK®3
scores above 10% in the injured (n=7, 1.2%) versus the
uninjured (n=8, 1.4%) groups respectively. The most
severely injured (NISS>12) and limb amputees had a
greater relative CVD risk than the uninjured (Table 3).
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Table 2 Comparative demographics and cardiovascular risk factors between uninjured and injured
Overall Uninjured Injured P value

Number 1144 565 579 -
Age at assessment, years 34.1+536 343+541 34.0+535 0.490
Age at deployment / injury, years 26.1+523 265+525 257+5.18 0.010
Men 1144 (100%) 565 (100%) 579 (100%) 1.0
Rank: n (%) <0.001

-Officer rank 139 (12.2%) 79 (14.0%) 59 (10.2%)

-Mid rank 253 (22.1%) 147 (26.0%) 106 (18.3%)

-junior rank 752 (65.7%) 339 (60.0%) 414 (71.5%)
Still serving: n (%) 614 (53.7%) 456 (80.7%) 158 (27.3%) <0.001
Mechanism of injury: n (%)

-blast - 435 (75.1%)

-Other (accidents, gunshot, burns, - 130 (24.9%)
Time from injury/deployment, months 822+2.15 821+2.15 833+2.14 0.393
Ethnicity, Caucasian, n (%) 1037 512 (90.6%) 525 (90.6%) 1.000
Smoking, n (%) 0.358

-Current smoker 245 (21.4%) 126 (22.3%) 119 (20.6%)

-Ex-smoker 346 (30.2%) 178 (31.5%) 168 (29.0%)

-Never smoked 553 (48.4%) 261 (46.2%) 292 (50.4%)
Height, m 1.79+0.68 1.79+0.64 1.79+0.71 0.245
Weight, kg 89.2+1343 879+122 90.6+ 144 <0.001
Body mass index (kg/mz) 278+3.68 2744340 28.1+3.90 0.001
Systolic blood pressure (mmHg) 1288+11.2 129.0+11.2 1287+11.2 0.551
Systolic blood pressure variability (mmHg) 2.00(1.16-341) 2.08(1.16 -3.51) 1.73(1.16 — 3.00) 0014
Diabetes: n (%) 8(0.7%) 2(0.35) 6(1.0) 0.288
15t degree relative with Ml or angina < 60: n (%) 170 (14.9%) 85 (15.04) 85 (14.7) 0.868
Chronic kidney disease: n (%) 5 (0.4%) 2 (0.4%) 3 (0.5%) 1.000
Atrial fibrillation: n (%) 2 (0.2%) 1(0.2%) 1(0.2%) 1.000
Antihypertensive use: n (%) 13 (1.1%) 6 (1.1%) 7 (1.0%) 1.000
Migraine: n (%) 6 (5.2%) 1(0.2) 5(0.9%) 0.218
Rheumatoid arthritis: n (%) 0(0.0%) 0 (0.0%) 0 (0.0%) -
Systemic lupus erythematosus: n (%) 0 (0.0%) 0 (0.0%) 0 (0.0%) -
Severe mental illness: n (%) 74 (6.5%) 25 (4.4%) 49 (8.5%) 0.006
Atypical antipsychotics use: n (%) 2 (0.2%) 0 (0.0%) 2 (0.5%) 0.500
Steroid tablet use: n (%) 3(0.3%) 0(0.0%) 3(0.5%) 0.250
Erectile dysfunction: n (%) 100 (8.7%) 33 (5.8%) 67 (11.6%) <0.001
Cholesterol/HDL ratio 409+1.38 403+£1.34 415+£142 0.151
QRISK3® Score, % 0.87 (0.46-0.74) 0.86 [0.44-1.67] 0.89 (0.46-1.76) 0.585
QRISK3® Relative risk @ 1.59 (1.14-2.39) 1.52(1.12-2.34) 1.67 (1.16-2.48) 0.093

All of the above variables except rank, serving status and time from injury were used to calculate QRISK3 outputs

MI Myocardial infarction; P value refers to comparison between injured and uninjured groups only. Continuous data are presented as mean = SD or median

(interquartile range)

2 Relative to matched individuals of similar age, sex and ethnicity without CVD risk factors from UK population

There was no significant difference in absolute QRISK®3
score or number of participants with a QRISK®3>10%
with increasing injury severity or limb amputation
(Table 3).

After adjustment for confounders CRTI, worsen-
ing injury severity (higher NISS by both median and

quartiles), previous traumatic amputation and blast
mechanism of injury were independently associated
with QRISK®3 scores (predicted 10-year CVD risk)
(Table 4 and supplementary tables 1 and 2).
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Table 3 Comparative of predicted future cardiovascular disease among uninjured versus injured by injury severity (NISS) and history

of limb amputation

Uninjured

Number 565
Age, years 3425+£541
Time from deployment/ injury, years 822+2.15
Rank: n (%)

-Officer rank 79 (14.2%)

-Mid rank 147 (26.6%)

-Junior rank 339 (59.2%)
QRISK3® Score 0.86 (0.44-1.67)
QRISK3® Score > 10% n (%) 8 (1.41%)
QRISK3® Relative risk 1.52(1.12-2.34)

Uninjured

Number 565
Age, years 3425+541
Time from deployment/ injury, years 821+2.15
Rank: n (%)

-Officer rank 79 (14.2%)

-Mid rank 147 (26.6%)

-Junior rank 339 (59.2%)
QRISK3® Score 0.86 (0.44-1.67)
QRISK3® Score > 10%: n (%) 8 (1.41%)
QRISK3® Relative risk @ 1.52(1.12-2.34

Injured Pvalue

NISS 1-12 NISS>12

313 266

34.50£5.50 3346+5.08 0.051

872+2.06 7.86+2.15 <0.001
<0.001

31(9.9%) 28 (10.5%)

66 (21.1%) 40 (15.0%)

216 (69.0%) 198 (74.4%)

0.95 (0.48-1.97) 0.86 (0.40-1.60) 0337

3(0.9%) 4(1.5%) 0.809

1.63 (1.14-2.46) 1.74 (1.19-2.54) 0.206

Injured non Amputees Injured Amputees

418 161

34.41£556 32.98+4.60 0.012

8.62+2.16 7.57£1.92 <0.001
<0.001

46 (11.0%) 13 (8.1%)

86 (20.6%) 20 (12.4%)

286 (68.4%) 128 (79.5%)

0.93 (0.58-1.81) 0.86 (0.50-1.70) 0.808

5(1.6%) 2 (0.80%) 0.641

1.60(1.13-2.43) 1.81(1.24-2.74) 0.015

2 Relative to matched individuals of similar age, sex and ethnicity without CVD risk factors from UK population. NISS New injury severity score. P values refers to
overall significance between three groups (a. injured, NISS 1-12 and > 12 or b. uninjured, injured non-amputee and injured amputees). Continuous data are presented

as mean = SD or median (interquartile range)

Discussion

This is the first study to investigate the relationship
between CRTI and predicted 10-year CVD risk. Overall,
there was no significant difference in absolute or rela-
tive predicted CVD risk among a similar sized cohort
of injured versus uninjured combat veterans frequency
matched by age, sex, rank and deployment. However, the
relative CVD risk, but not absolute QRISK®3 scores, were
significantly higher in the amputee versus non-amputee
injured and uninjured groups. After adjustment, CRTI
and worsening injury severity (higher NISS and previous
limb amputation) and the mechanism of blast injury were
independently associated with increased QRISK®3 scores
and predicted 10-year CVD risk.

There are several important factors that shaped our
decision to use the QRISK®3 calculator in this study. The
QRISK®3 has been validated for use in UK adults which
is relevant to our UK military population [13, 14]. Sec-
ondly, QRISK®3 uses dynamically and annually updated
health information to reflect changes in population
characteristics and to enhance its predictive precision
[12, 13]. Thirdly, it includes a broad range of ethnicities
known to affect CVD risk and incorporates a far wider

age range than the vast majority of other cardiovascular
risk calculators [15]. Finally, QRISK®3 includes a greater
number of ‘modifiable’ risk factors (eg BMI, blood pres-
sure, smoking, mental health lipids and steroid use)
than other available risk calculators [12]. Despite these
enhancements a number of important modifiable risk
factors, known to influence CVD risk, such as diet and
exercise, are not included in QRISK®3. One reason for
this might be the fact that accurate reporting of dietary
and exercise data is known to be challenging, subjective
and highly prone to recall bias lessening their reliability
and potential use in CVD risk models [20, 21].

It is unfortunate that we were not able to include post
code data in this study. This is perhaps not unsurpris-
ing given the population of combat veterans examined.
Military servicemen tend to be a highly mobile popula-
tion where variable postings within the UK and abroad
are common. The transient colocation of addresses due
to similar military accommodation was expected and
borne out by the multiple duplicate post codes identi-
fied. Consequently, we could not include social depriva-
tion information (using post codes) in our QRISK®3 data
entry. However, we were able to undertake an indirect
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examination of the influence of socioeconomic status,
using military rank. We found that lower rank status (at
injury/deployment) was independently associated with
increased QRISK®3. Military rank has been used as a
proxy measure of socioeconomic [22]. Lower socioeco-
nomic status is a well-established risk factor for future
CVD and this concept was supported by our data [23,
24].

We did not observe a significant difference in abso-
lute QRISK®3 scores between the amputees and severely
injured on cross-sectional analysis. This may be due to
the significantly lower age of these groups and might
explain why a higher NISS and amputee status were inde-
pendently associated with increased QRISK®3 scores
after adjustment for confounding factors including sam-
pling age. The independent association between blast
injury (versus other injury mechanisms) and QRISK
scores is interesting. This may relate to the fact that blast
injuries were associated with the most severe injuries.
The relationship between injury mechanism and health
outcomes is a highly complex process as it well recog-
nized that blast leads to a number of associated injuries
including burns. There is ongoing work, with ADVANCE,
investigating the relationship between detailed injury
mechanisms/types and both physical activity and quality
of life.

We found that that the relative CVD risk was>1.0 for
both the uninjured and injured groups in our study; in
fact they were on average>1.6 and hence well above the
population expected risk [13]. The relative risk is essen-
tially a means of interpreting our population’s risk ver-
sus on the expected UK population predicted CVD risk
for persons of similar age, sex and ethnic group without
known cardiovascular risk factors [13]. This could be
interpreted as suggesting that military personnel are at
higher CVD risk than the expected population risk. How-
ever, this cannot be confidently concluded from our data
and would require a comparative examination of CVD
risk among military and matched non-military adults of
similar age, sex etc.

It is reassuring to note that only 15 participants (1.3%)
of entire cohort has a QRISK®3 score of > 10%. It is gen-
erally recommended that a 10-year predicted CVD risk
above 10% highlights high-risk individuals who should
be specifically targeted for aggressive primary preven-
tion strategies including statin treatment. Scrutiny of
the CVD risk factors in our ADVANCE cohort ver-
sus the QRISK®3’s own derivation cohort used as part
of its validation does, in part, explain their differences.
For example the average BMI (27.8 kg/m?) and systolic
blood pressures (128.8+11.2 mmHg) were higher in
our ADVANCE cohort compared with the UK popula-
tion expected values [13]. The prevalence of ex-smokers
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(30.2% vs 15.4%), severe mental illness (6.4% vs 4.8%) and
erectile dysfunction (8.8% vs 5.1%) were also higher in
our ADVANCE population versus the >3.5 million men
included in the QRISK3 derivation cohort respectively
[13]. It is interesting that this was observed despite the
fact that the ADVANCE cohort was on average > 8 years
younger (34.1 vs 42.6 years) than that of the QRISK®3
derivation cohort [13]. Whilst indirect comparisons are
difficult these differences could be explained in part by
more robust attainment of risk factors in the ADVANCE
cohort where all participants underwent a detailed
research visit to collect the QRISK3 variables. Also the
specific definitions used for severe mental illness and
erectile dysfunction are not identical in ADVANCE and
QRISK®3 derivation cohort, with the later relying pre-
dominantly on available GP/medical records and avail-
able blood results rather than that obtained from a single
study visit.

It could be argued given the high relative risk of our
ADVANCE cohort that they are at genuinely higher CVD
risk than that of the average UK population. This might
seem surprising given the typical perception of military
servicemen as fit young adult who are required to main-
tain relatively high standards of basic fitness. Contrary to
public perception, it has been previously reported that
UK servicemen may be at higher CVD risk than that of
the age-matched UK population [25]. The explanation
for this is complex and includes selection bias as well as
cultural practices specific to military life (eg increased
smoking [particularly on deployment] and alcohol con-
sumption) and the greater representation of lower soci-
oeconomic status linked to greater cardiovascular risk
[25-27]. It is encouraging that several recent policy doc-
uments have helped to address this potential inequality
[28].

The independent association between worsening injury
severity and QRISK®3 scores is interesting. This com-
plements previously published data from ADVANCE
in which it was shown that CRTI and worsening injury
severity was independently associated with increased
arterial augmentation index (a measure of reduced arte-
rial compliance) and metabolic syndrome [4]. Moreover,
there is data suggesting that higher NISS and in particu-
lar a NISS>25 is associated with worsening all-cause
mortality following traumatic injury [19]. However, this
data relates to acute rather than historical traumatic
injury and not selective military populations as in our
study. Nevertheless we also found that the highest quar-
tile of NISS (>22) was independently associated with
the highest QRISK®3 scores. Whether this relationship
between worsening injury severity and a previous trau-
matic limb amputation will eventually translate into gen-
uine adverse clinical outcomes, remains unknown and
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this determination as well as the potential mechanisms is
the key tenet of the ADVANCE study.

One of the Achilles heals of risk prediction is the con-
cept of prediction itself which is not an exact science and
relies on complex mathematical equations to generate
a 10-year CVD risk prediction using a variety of known
cardiovascular risk factors [29]. It relies on accurate
data entry to optimise its risk precision which has been
shown to be stronger for population-related analysis as
in this study than that for an individual. Hence, we can-
not discount the possibility that we have underestimated
or even overestimated our population’s true CVD risk.
However QRISK®3 has been robustly validated and its
precision has been graded as ‘excellent’ with an over-
all discriminatory c-statistic of >0.84 which is highest in
adults <65 years (c-statistic>0.86) as in the ADVANCE
cohort. We feel that by using contemporaneous and
robustly collected data during research study visits
strengthens our findings. In addition we had very little
missing data [13, 14].

There are a number of additional limitations that need
to be mentioned. Our sample size is relatively small and
its power calculation based on > 20 year long term follow
up [16]. We have only included men in this study due to
the very small number of female injuries during Opera-
tion HERRICK. The findings of this study focus solely on
the baseline data obtained from the ADVANCE cohort,
providing merely a snapshot of the cohorts CVD ‘pre-
dicted’ risk at singular point in time. Since the study is
of a prospective longitudinal nature, CVD risk profiles
will change over time. At present there is no justifica-
tion for widespread primary CVD prevention strategies
that specifically target the injured. However, the minor-
ity of participants with a QRISK®3 >10% should be high-
lighted for closer primary prevention management [15].
We did not to control for multiplicity of comparisons, as
our hypotheses were highly focused and all p values were
reported alongside confidence intervals for interpretabil-
ity. Decreasing the type I error could potentially increase
the risk of a type II error. Finally, although our regres-
sion analyses were adjusted for age, time from injury/
deployment, rank and ethnicity there is the possibility
of unmeasured or residual confounding which may have
resulted in biased estimates.

In conclusion, CRTI and its worsening severity,
depicted by increasing NISS and a history of traumatic
amputation, and blast mechanism of injury is indepen-
dently associated with an increased 10-year predicted
CVD risk score using the QRISK®3 scoring system. Long
term follow up of this cohort is required to determine
whether this increased estimated risk will translate into
genuine adverse cardiovascular events or need for tar-
geted primary prevention strategies for the injured.
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