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ABSTRACT

Objective To quantify postinjury cardiovascular-related
health service use experienced by mid to older aged
adults hospitalised for injury, compared with uninjured
adults. Additionally, to explore the effect of beta-blocker
medications on postinjury cardiovascular hospitalisations
among injury patients, given the potential cardioprotective
effects of beta blockers.

Design A retrospective cohort study using linked
administrative and survey data.

Participants Records of 35026 injured and 60823
uninjured matched adults aged over 45 from New South
Wales, Australia, who completed the 45 and up survey.
Primary and secondary outcome measures Admission
rates and cumulative lengths of stay for cardiovascular
hospitalisations, and prescription rates for cardiovascular
medications. Negative binomial and Cox proportional
hazards regression modelling were used to generate
incident rate ratios (IRRs) and HR.

Results Compared with the uninjured, those with

injury had a 19% higher adjusted rate of postinjury
cardiovascular admissions (IRR 1.19,95%Cl 1.14 to 1.25),
spent 40% longer in hospital for ardiovascular disease
(IRR 1.40, 95% Cl 1.26 to 1.57) and had slightly higher
cardiovascular prescription rates (IRR 1.04, 95% Cl 1.02
to 1.06), during study follow-up. Those in the injury cohort
that used beta blockers both prior to and after injury
(continuous) appeared to have reduced need for post-
injury cardiovascular hospitalisation (IRR 1.09, 95% Cl
1.17 to 1.42) compared with those commencing on beta
blockers after injury (after 30 days: IRR 1.69, 95% Cl 1.37
t02.08).

Conclusions Apparent increased postinjury
hospitalisation rates and prolonged length of stay related
to cardiovascular disease suggest that injury patients may
require clinical support for an extended period after injury.
Additionally, injury patients who were on continuous beta
blocker treatment appeared to have lower need for post-
injury cardiovascular hospitalisations. However, the data do
not allow us to draw clear conclusions and further clinical
research is required.

,! Fiona M Wood,?® Mark W Fear,? James Boyd,*

Strengths and limitations of this study

» Availability of survey data for all participants allows
use of additional information rarely found in ad-
ministrative records, including detailed information
on individual cardiovascular risk factors such as
smoking, body mas index, physical activity levels,
cholesterol, blood pressure and family history of
cardiovascular disease.

» Availability of prescription information from the na-
tional prescription database allowed investigation
of cardiovascular medication usage, including the
ability to identify treatment for cardiovascular con-
ditions in the primary care setting

» Observational design means it is difficult to provide
any strong conclusions regarding the use of beta
blockers after injury.

and metabolic. The pattern of these responses
depends on whether the injury is mostly
haemorrhagic, tissue damage or a combi-
nation of the two." Increased sympathetic
activity is a critical part of the acute coordi-
nated response to injury, modulating energy
substrate mobilisation, cardiovascular and
haemodynamic compensation and contrib-
uting to the host’s immune response and
healing. Cardiovascular responses are seen
immediately after injury; immunological and
inflammatory consequences are apparent
several hours or days after the initial trauma,
although these responses may also be trig-
gered by very early cardiovascular changes.
Metabolic responses are of greatest impor-
tance after successful resuscitation and treat-
ment, although hypermetabolism triggered
by severe burns is a significant issue.'

The response to injury in the acute phase
has been well characterised and involves

Correspondence to INTRODUCTION a rapid and coordinated elevation in the
Sean M Randall; Trauma triggers systemic responses thatcanbe ~ immune response enhanced by multiple
Sean.randall@curtin.edu.au divided into immunological, cardiovascular  pathways including elevated sympathetic

Randall SM, et al. BMJ Open 2020;10:¢039104. doi:10.1136/bmjopen-2020-039104 1

BM)


http://bmjopen.bmj.com/
http://orcid.org/0000-0002-2756-5090
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2020-039104&domain=pdf&date_stamp=2020-10-03

nervous system activity, elevated catecholamine levels
and a hypermetabolic response. More recently, evidence
supports a moderate but sustained elevation of these
pathways after recovery, with a proinflammatory milieu
maintained for many years.” > While short-term activa-
tion of stress response mechanisms is vital, the prolonged
duration and increased magnitude of their activity leads
to deleterious effects on metabolism, immune function
and cardiovascular function.® Cardiac stress mediated
by increased plasma catecholamine levels (threefold or
greater) after injury’ ® and activation of beta adrenore-
ceptors remains one of the main determinants of survival
after injury.” Additionally, elevated plasma catechol-
amines affect cellular immunity in the early phase of the
trauma via the beta-adrenergic pathway.*"
Beta-adrenoreceptor blockers (BBs), a class of medi-
cations commonly used to treat cardiovascular disease
(CVD), have beneficial metabolic and cardioprotective
effects’’ '* and the use of BBs has been associated with
improved outcomes in trauma patients.'” '* The interest
in assessing beta blockade among injury patients is related
to the hyperadrenergic state experienced by patients after
injury. Recent evidence suggests that additional meta-
bolic and immunomodulatory effects of BBs may provide
benefit in managing injuries and their subsequent phys-
iological effects, thereby expanding their clinical use in
patients with trauma.” While the precise mechanisms of
improved injury patient outcomes associated with beta
blockade reported are not clear, they may be the result
of (1) reduction of periods of tachycardia which inten-
sify myocardial oxygen demand and risk of ischaemia; (2)
improved myocardial oxygen utilisation and (3) improved
outcomes related to reversal of immunomodulatory prop-
erties mediated via the beta adrenoreceptor (figure 1).

Ca CHANNEL ANTAGONISTS
STATINS, B-BLOCKERS

B-BLOCKERS
’ B-BLOCKERS
¥

Figure 1
subsequent increased risk for CVD. Proposed mechanisms
of beta-blockers and other cardiovascular therapy that may
ameliorate the systemic responses in both the acute and
chronic time frame and reduce CVD subsequent risk after
injury. CVD, cardiovascular disease.

Potential physiological links between injury and

Our previous whole-of-population research has iden-
tified cardiovascular dysfunction after minor and severe
burns® ¥ ' and elevated rates of hospital admissions for
CVD after burns and non-burn trauma compared with
uninjured people for a prolonged period after the initial
injury.'” The first aim of this study was to quantify post-
injury CVD-related health service use (hospital admis-
sions, length of hospital stay and prescription claims),
controlling for sociodemographic, lifestyle, health and
injury factors experienced by mid to older aged adults
hospitalised for injury, compared with uninjured adults.
The second aim was to explore whether the use of BBs
in adult injury patients is related to reduced postinjury
CVD hospitalisations, given the potential cardioprotec-
tive effects of these medications.

METHODS

Study design, data source and study participants

The study analysed self-reported and health adminis-
trative data, linked at an individual level, for a cohort
of participants with a record of injury and a frequency
matched cohort of uninjured participants identified in
the 45 and Up Study."

The Sax Institute’s 45 and Up Study is a longitudinal
cohort of 266885 participants aged 45 years and older
in the state of NSW, Australia. Study participants were
randomly sampled from the Australian Government
Department of Human Services (DHS) enrolment data-
base and recruited from 2006 to 2009. Details of the study
methods are described elsewhere.'® In summary, study
participants completed a baseline lifestyle and health
survey (2006-2009) and consented to follow-up and
linkage of their self-report data to routine health admin-
istrative databases. The overall response rate was 18%."
The 45 and Up Study maintains an online repository of
all published research. The study included around 11%
of the NSW population aged 45 and over.

The data sources linked and included in this study:
(1) the 45 and Up Study baseline survey (https://www.
saxinstitute.org.au/our-work/45-up-study/); (2) the
NSW Admitted Patient Care Data Collection (APDC),
providing all hospital admissions in public and private
hospital in NSW (2001-2018); (3) the Pharmaceutical
Benefits Scheme (PBS) which provided information on
subsidised prescription medicines (2005-2018) avail-
able to all Australian residents; (4) the Medical Bene-
fits Schedule (MBS) which provided records of medical
(general practitioner) services provided through Medi-
care, Australia’s national health insurance scheme
(2005-2018); and (5) the NSW Register of Births, Death
and Marriages (2006-2018). Identification of 45 and Up
Study participants’ eligibility for this study (injury cohort;
no injury cohort) and respective linkage of APDC and
RBDM to survey data were conducted by the NSW Centre
for Health Record Linkage (https://cherel.org.au). PBS
and MBS data were linked by the Sax Institute using a
unique identifier provided by DHS.
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The injury cohort comprised all individuals in the
45 and Up Study with a record of injury hospitalisa-
tion between their enrolment (occurring 2006-2009)
and 2018, with no injury admission in previous 5years
(2001/2004-2006/2009). The wuninjured comparison
cohort comprised individuals randomly selected from
the 45 and Up Study who did not have a record of an
injury admission between byears before enrolment date
(ie, 2001-2004) and 2018. Participants in the uninjured
cohort were frequency matched ~2:1 on age and gender
to injury cases and were alive at the matching index date.

Aninjuryadmission was defined as a primary diagnosis of
injury (International Statistical Classification of Diseases,
10th Revision, Australian Modification (ICD10-AM) S00-
T32) in the NSW APDC. The study index date is the date
of injury admission.

Patient and public involvement
No patient involved.

Study variables

Injury

ICD10 codes were used to classify injury type, including
fractures, open wounds, contusions and superficial inju-
ries, dislocations, internal organ injuries, foreign bodies,
amputations and burns (ICD codes found in online
supplemental table 1). Injury severity was generated
using survival risk ratios from NSW population-based
injury hospital admissions data and applying published
and widely used ICD-based Injury Severity Scaling (ICISS)
methodology." The scores were classified as minor (ICISS
>0.99), moderate (ICISS >0.941and<0.99) and severe
(ICISS <0.941).

Morbidity

Hospital admissions principal diagnosis data were clas-
sified by disease group with ICD10-AM, for example,
circulatory system (total—I00-199) and by subgroups: isch-
aemic heart disease (IHD) (I20-25); heart failure (HF)
(I50, 142.0, 142.6, 142.7, 142.9, 111.0), cerebrovascular
disease (I60-169). WHO Anatomical Therapeutic Chem-
ical Classification (ATC) codes were used to classify PBS
medications into anatomical and therapeutic groups™;
Codes were classified at the first level (eg, anatomical
groups ‘A’ Alimentary tract) with cardiovascular codes
classified at the second level (eg, CO7-BBs). Refer to
online supplemental table 2) for a summary of ATC cate-
gories of cardiovascular medications. Time of supply of
prescription was used to assess temporality of PBS medi-
cations, for example, prior: dispensed supply within a
4-month period prior to index date); post: dispensed
supply after index date. Comorbidity was classified using
the Charlson comorbidity index for 5Syears of hospital
data prior to the index admission.”’ MBS data were used
to count primary care (general pratictioner, GP) atten-
dances and classify into quintiles. Indices of social disad-
vantage® and geographical remoteness®™ were supplied
for each study participant. Self-reported lifestyle variables

(recorded at baseline) included smoking (current at time
of survey, previous, never), alcohol (number of drinks per
week prior to survey), body mas index (BMI) and physical
activity (vigorous exercise, moderate exercise or neither
in previous week).

Outcomes measures

Outcome measures include annual counts of CVD admis-
sions and cumulative length of stay (LOS) and annual
counts of prescriptions (total, CVD). The time until the
first (incident) CVD admission and time until first CVD
medication after study index were also used as outcome
measures.

Statistical analyses

Descriptive statistics were generated for all study factors:
sociodemographic (age, gender, social disadvantage,
remoteness), pre-existing diseases, comorbidity, medi-
cation use, hospital admissions for CVD (prior, postin-
jury) and GP attendances, injury (type, severity) and
self-reported lifestyle factors (smoking status; physical
activity; BMI; alcohol consumption). Preliminary analyses
included ” tests for categorical variables.

Outcome models to compare rates of postdischarge
CVD health service use (prevalence) examined (1)
annual total number of primary diagnosis CVD admis-
sions (total and subgroups: IHD; HF and cerebrovascular
disease) after study start; (2) annual cumulative LOS for
CVD; and (3) prescription supply counts (total CVD ‘C’
ATC-code and subgroups). Incidence rate ratios (IRRs)
and 95% CIs were calculated using multivariable negative
binomial regression, adjusting for sociodemographic,
injury (type, severity), comorbidity, medication use and
other health and lifestyle factors.

To validate the above analysis, and in particular to
control for potential differences in health status and
health seeking behaviour, an additional analysis was
performed using propensity score matching, comparing
cardiovascular hospitalisation rates between the cohorts.
Matching was chosen over alternative methods such as
propensity score weighting as weighted methods can
be vulnerable to outliers which can receive very high
weights.”* The propensity analysis included all cases. Vari-
ables were selected for the propensity model based on
their theoretical interest and strength of association with
the outcome. The propensity score model was conducted
to control for potential bias relating to previous health
status and health seeking behaviour; as such, these vari-
ables were included first. Age was included as the stron-
gest predictor of cardiovascular hospitalisation. Potential
covariates were only included where propensity scores
were balanced between blocks, and covariates were
balanced across treatment and comparison groups within
blocks, limiting the number of variables used; this was
tested using the published ‘PSCORE’ algorithm.” Age
category, number of GP attendances in the year prior
and existence of previous cardiovascular hospitalisations
were included in the models. A logit model was used to
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calculate propensity scores. Matching was carried out by
the simple (greedy) nearest neighbour method with one
neighbour and no distance metric, with replacement.
The average treatment effect on the treated (ATET) was
used as the outcome.

Incidence of CVD: Adjusted HRs and 95% CI were
generated, adjusting for potential confounders to inves-
tigate the longitudinal relationship with time to first
postinjury (1) CVD admission and (2) record of CVD
medication. Analyses were conducted on cohort data that
excluded those with a prior record of CVD (prescription,
admission). In addition, analyses of first cardiovascular
prescriptions were conducted on 0-30 days and >30 days
after injury, to satisfy proportional hazards assumption
tests. Mortality (all cause and CVD only) was examined
using Cox proportional hazards regressions modelling.

Assessment of BB use on postinjury CVD admissions among the
injury cohort

BB use in the injury cohort was classified as (1) contin-
uous use (BB use during period 4 months prior to and
4 months after injury; new-onset BB use, with no BB use
in 4month period prior to injury and a; (2) record of BB
use within 30 days of injury; (3) record of BB use within
60 days of injury; (4) record of BB use within 90 days of
injury and (5) record of BB use within 120 days of injury.
The time exposure of BB used in this study was based on
clinical opinion, previous postinjury CVD research'®!” and
published papers examining BB use in acute phase after
injury.* 1?20 #7 Multivariable negative binoimal regression
was used to compare postinjury CVD admission rates for
those with and without a record of BB, adjusting for use
of other cardivascular medications, sociodemographic,
injury, health and lifestyle factors. Sensitivity analysis
using linked cohort data from 2013 was undertaken to
assess possible misclassification due to under copayment
PBS agents prior to 2012. Multivariable negative binomial
regresson using generalised estimating equation (GEE)
modelling compared CVD hospitalisations in the 5-year
preinjury and bSyear postinjury for each of the BB use
categories. All analyses were carried using the Stata soft-
ware package (v 16).

RESULTS
Cohort characteristics
This study identified 35026 individuals in the 45 and Up
Study survey that had an injury hospitalisation between
the date of baseline survey completion (2006-2008) and
2017. These individuals were frequency matched on age
and gender to 60823 controls (uninjured) in the 45 and
Up Study survey who did not have an injury hospital-
isation from byears prior to survey completion to 2017.
Injury cases for which no uninjured comparison individ-
uals could be found (n=272) were excluded from further
analysis, resulting in 34 754 cases.

The most common injury was fractures (48%,
n=16832), followed by open wounds (15%, n=5100),

contusions and superficial injuries (8%, n=2617), disloca-
tions (6%, n=2101) internal organ injuries (6%, n=2088),
foreign bodies (2%, n=599), amputations (1%, n=252)
and burns (1%, n=222). Injury type was unspecified for
14% of cases (n=4943). By injury severity, 38% (n=13269)
were minor (ISS>=0.99), 42% (n=14517) were moderate
(0.941<=ISS<0.99) and for 20% (n=6968) injury was
severe (ISS <0.941). The median time spent in hospital
with the index injury was 2 days (IQR 1-8 days). The
median length of follow-up for those with injury was 4.2
years (IQR 2.1-7.0 years) and for the uninjured, 4.2 years
(IQR 2.1-6.9 years). A small number of the injury cohort
(2%, n=691) died during the index admission. Of those
with injury 27% (n=9134) died before the end of the
study date as compared with 19% of the uninjured study
subjects (n=11571).

External causes of injury admissions: falls (63%,
n=21993), inanimate mechanical forces (10%, n=3591),
transport 10% (n=3427) and ‘animate’ mechanical
forces 3% (n=923) and burns 1% (n=222). Most of the
remaining external causes were unspecified.

A comparison of the demographic and health charac-
teristics of the two cohorts is shown in table 1. Notable
differences included a greater proportion of those aged
over 75 in the injury group, caused by an inability to find
multiple controls for each case in this age group during
the extraction phase. The health status of those with an
injury hospitalisation was generally worse, with higher
Charlson comorbidity, rates of previous CVD hospitalisa-
tions and greater number of medications used.

Post injury GVD health service use (admissions, LOS and
prescription use)

Of those with an injury, 22% (n=7791) had a hospital-
isation within the follow-up period where CVD was the
primary diagnosis, for a total of 15 445 CVD hospitalisa-
tions. Most individuals (n=4601, 59%) with a CVD hospi-
talisation had only one, 37% (n=2858) between 2 and 5
CVD hospitalisations and 4% (n=332) had more than five
CVD admissions. In the uninjured comparison group,
16% (n=9547) had at least one CVD hospitalisation after
the matched index date; there were 16 781 CVD hospital-
isations in total in this group, with a similar distribution.
Admissions for IHD were the most common CVD diag-
nosis in both injury cases and uninjured controls; refer to
table 2 for details of cardiovascular subconditions.

The unadjusted (observed) annual incidence rates of
CVD admissions (total, specific subconditions) for the
two cohorts are shown in figure 2. These graphs show
higher admission rates for the injury cohort across all
cardiovascular conditions for the entire follow-up period
of the study. The difference was also observable prior to
the index injury, indicating differences in the underlying
health of these cohorts.

After adjustment for a range of sociodemographic
and pre-existing health factors, the injury cohort had a
19% higher rate of postinjury CVD admissions over the
follow-up period, compared with those without injury

4

Randall SM, et al. BMJ Open 2020;10:e039104. doi:10.1136/bmjopen-2020-039104



No injury N

Characteristics (%) Injury N (%) P value

Demographic

Male 31655 (52.0) 18380 (52.9) 0.012

<60 12970 (21.3) 6458 (18.6) <0.001

75+ 24456 (40.2) 16660 (47.9)

Quintile 1. (Most
disadvantaged)

12983 (21.4) 7669 (22.1) <0.001

Quintile 3. 11086 (18.2) 6242 (18.0)

Quintile 5. (least
disadvantaged)

11870 (19.5) 7129 (20.5)

Major city 31381 (51.6) 19476 (56.0) <0.001

Outer regional 6231 (10.2) 3293 (9.5)

Very remote 67 (0.1) 38 (0.1)

Any comorbidity (CCI
1)}

18695 (30.7) 14603 (42.0) <0.001

Any IHD hospitalisation <0.001

in previous 5years

4735(7.8) 3971 (11.4)

Any heart failure <0.001
hospitalisation in

previous 5years

2022 (3.3) 2174 (6.3)

Have diabetes 5796 (9.5) 4051 (11.7)  <0.001

High blood pressure 23605 (38.8) 13951 (40.1) <0.001

BMI, kg/m?*

Normal (18.5-25) 20915 (34.4) 12234 (35.2)

Obese class 1 (30-35) 8582 (14.1) 4704 (13.5)

Continued

Open access

I

No injury N
Characteristics (%)

844 (1.4)

Injury N (%) P value

538 (1.6)

Obese class 3+
(40-50)

Current smoker 3660 (6.0) 2309 (6.6) <0.001

Never smoker 35334 (58.1) 19735 (56.8)

Primary care (no of GP visits in previous year)

4-6 13224 (21.7) 5990 (17.2)

11-16 10776 (17.7) 6972 (20.1)

Physical activity

Moderate only exercise 27482 (49.5)
in week

15213 (47.6)

Family history

High blood pressure 29373 (48.3) 15870 (45.7) <0.001

PBS medication use in 4 months prior to injury (ATC code)

Blood/blood forming 5637 (9.3) 5437 (15.6) <0.001

Cardiovascular <0.001

medications (C)

34973 (57.5) 21142 (60.8)

Antihypertensives 1805 (3.0) 1155 (3.3) 0.002

Peripheral vasodilators 0 0 -

Beta blockers 8193 (13.5) 5514 (15.9)  <0.001

Renin/angiotensin
agents

22917 (37.7) 13308 (38.3) 0.06

Dermatologicals (D) 4610 (7.6) 3204 (9.2)  <0.001

Hormonal (H) 5553 (9.1) 4262 (12.3) <0.001

Antineoplastic/immune <0.001

modulating drugs (L)

2363 (3.9) 1600 (4.6)

Continued
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Table 1 Continued

No injury N

Characteristics (%) Injury N (%) P value
Musculoskeletal (M) 11293 (18.6) 8287 (23.8) <0.001
Nervous system (N) 18901 (31.1) 16205 (46.6) <0.001
Antiparasitics (P) 86 (0.1) 77 (0.2) 0.004
Respiratory (R) 7095 (11.7) 5056 (14.6) <0.001
Sensory organs (S) 9262 (15.2) 6512 (18.7) <0.001
Various (V) 396 (0.6) 323 (0.9) <0.001

*Socio-Economic Indexes for Areas (SEIFA) socioeconomic
disadvantage quintiles; missing values 2.5% injury, 2.7% no injury.
TAccessibility/Remoteness Index of Australia (ARIA+) remoteness
classification; missing values 1.7% injury, 1.8% no injury.

fBased on derived Charlson Comorbidity Index (CCl) using 5-year

look-back hospitalisations.

ATC, Anatomical Therapeutic Chemical Classification; BMI, body
mas index; GP, general pratictioner; IHD, ischaemic heart disease;

PBS, Pharmaceutical Benefits Scheme.

Table 2 Post injury (study index) count of CVD
hospitalisations and medication use for adults in injury

versus uninjured cohorts

No injury
cohort

Injury
cohort

CVD hospital admissions disease Hospitalisation count

subgroup*

Rheumatic fever
Essential hypertension
Ischaemic heart disease
Pulmonary heart disease
Other heart disease
Heart failure
Cerebrovascular disease
Disease of arteries
Disease of veins

Other circulatory diseases

CVD medications by ATC
subgroupst

Cardiac therapy (C01)
Antihypertensives (C02)
Diuretics (C03)

Beta blocking agents (C07)
Calcium channel blockers (C08)

73
279
4750
469
4128
2415
1944
1132
1088
503

125790

56811
85338

236605
300028

Agents-renin—-angiotensin system 1038724

(C09)
Lipid-modifying agents (C10)

938813

58
327
3827
407
3330
2844
1978
1050
902
722

Prescription count

122109
32513
87686

159882

199330

594538

557714

*CVD primary diagnosis uisng ICD codes in hospital admissions

data.
Tldentified in PBS claim data.

ATC, Anatomical Therapeutic Chemical Classification; CVD,
cardiovascular disease; ICD, International Statistical Classification
of Diseases; PBS, Pharmaceutical Benefits Scheme.
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Figure 2 Unadjusted rates of cardiovascular hospitalisations
and cardiovascular subconditions after index date for those
with and without an index injury. B (x-axis) represents a
baseline rate 1year prior to injury. CVD, cardiovascular
disease; HF, heart failure; IHD, ischaemic heart disease.

(IRR 1.19, 95% CI 1.14 to 1.25). Results from the adjusted
negative binomial regression are shown in table 3. Age was
the most important predictor of increased CVD admis-
sions, followed by a history of CVD admissions in the
previous byears; males had 1.45 times greater risk than
females. Use of lipid-modifying agents, living in inner
and outer regional areas, and self-reported higher levels
physical activity and family history of high blood pressure
were protective against postinjury CVD admissions. With
respect to LOS, the injury cohort spent 40% longer in
hospital with a CVD as compared with those without injury
(IRR 1.40, 95% CI 1.26 to 1.57). Examination of subco-
horts of injury type showed significantly elevated LOS for
those with fractures (IRR 1.17, 95% CI 1.09 to 1.24) and
open wound injuries (IRR 1.18, 95% CI 1.07 to 1.31), the
two most common types of injuries in the study, while a
larger effect was seen in those with burn injuries (IRR
1.48, 95% CI 1.02 to 2.15). When examining each injury
severity group, the results were similar: minor (IRR 1.20,
95% CI1.11 to 1.28); moderate (IRR 1.16, 95% CI 1.09 to
1.24); and, severe (IRR 1.20,95% CI 1.11 to 131). Propen-
sity score matching was carried out comparing 34 754 with
34754 matched controls. There were no missing values on
any of variables of interest. The covariates of interest were
balanced after matching, with standardised differences of
less than 0.01 between cohorts. The ATET was 0.13 (95%
CI 0.11 to 0.15) additional cardiovascular hospitalisations
for those with an injury.

The injury cohort had higher admission rates for IHD
(IRR 1.30, 95%CI 1.16 to 1.45), HF (IRR 1.14, 95% CI
1.05 to 1.23) and cerebrovascular disease (IRR 1.22,
95% CI 1.07 to 1.40), when compared with the uninjured
cohort. For the burn subcohort, the CVD subgroup results
did not reach significance, reflecting the small number
in this study with burns (IRR, 95% CI: THD:1.40, 0.66 to
2.96; HF: 1.87, 0.75 to 2.47; cerebrovascular disease: 0.39,
0.10 to 1.42).

In the injury cohort, 72% (n=25044) had a record
of a CVD prescription within the follow-up period
(1.75million prescription records in total) while 70%
(n=42604) of the uninjured cohort had a record of a CVD
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Table 3 Postinjury CVD hospitalisations: adjusted
incidence rate ratios (IRRs) and 95% Cls injured versus
uninjured adults

Characteristics IRR Lower Cl Upper CI
Injury (yes vs no) 1.19 1.14 1.26
Gender
Male 1.00 - -
Female 0.69 0.65 0.73
Age
45-49 1.00 - -
50-54 1.13 0.85 1.51
55-59 1.32 1.00 1.75
60-64 1.86 1.42 2.45
65-69 2.30 1.75 3.04
70-74 2.91 2.22 3.82
75-79 3.64 2.77 4.79
80-84 4.63 3.54 6.08
85+ 5.39 4.10 7.07
Remoteness level
Major city 1.00 - -
Inner regional 0.93 0.89 0.98
Outer regional 0.88 0.82 0.95
Remote 1.19 0.97 1.46
Very remote 0.80 0.44 1.42
Health status
Hospitalisation for 1.66 1.55 1.78
cardiovascular disease
in previous 5 years
Charlson Comorbidity 1.37 1.28 1.46

Index >1
CVD medication prior 4 months to study start (ATC code)

Blood thinners (B0O1) 1.19 1.11 1.28
Cardiac therapy (C01) 1.41 1.31 1.51
Antihypertensives (C02) 1.28 1.11 1.49
Diuretics (C03) 1.45 1.35 1.56
Beta blockers (C07) 1.23 1.15 1.31
Calcium channel 1.10 1.03 1.17
blockers (C08)
Renin-angiotensin (C09) 1.03 0.97 1.08
Lipid-modifying agents  0.89 0.84 0.95
(C10)

No GP visits in previous year
0-3 1.00
4-6 1.05 0.97 1.18
7-10 1.14 1.06 1.23
11-16 1.22 1.13 1.32
17+ 1.38 1.26 1.51

Self-report information

Physical activity

Continued

Table 3 Continued

Characteristics IRR Lower Cl Upper CI
Minimal 1.00 - -
Moderate 0.92 0.87 0.97
Vigorous 0.91 0.85 0.97

BMI, kg/m?
<18.5 1.00 — —
18.5-25 0.90 0.83 0.97
25-30 0.95 0.88 1.03
30-35 1.05 0.96 1.15
35-40 1.09 0.97 1.24
40+ 1.29 1.05 1.57

Smoking
Never smoked 1.00 - -
Previously smoked 1.10 1.05 1.16
Currently smoke 1.35 1.24 1.48

Diagnosis—told by doctor
Diabetes 1.12 1.04 1.19
High blood pressure 1.17 1.11 1.23
Blood clot 1.13 1.05 1.23
Heart condition 1.53 1.45 1.62

Family history
High blood pressure 0.92 0.87 0.96
Stroke 1.05 0.99 1.11
Heart disease 1.17 1.11 1.22

BMI, body mas index; CVD, cardiovascular disease; GP, general
pratictioner.

prescription (2.78 million prescription records in total).
A summary of cardiovascular prescriptions by subclass is
shown in table 2; medications acting on the renin—-angio-
tensin system and lipid-modifying agents were the most
common subclasses of medications used by both injured
and uninjured cohorts.

After adjustment for health, injury, lifestyle and socio-
demographic factors, there was a significant but minimal
increase in cardiovascular prescriptions (total) rates in
those with injury when compared with uninjured adults
(IRR 1.04, 95%CI 1.02 to 1.06). However, this result
concealed larger differences found for specific medica-
tion subclasses. Those with injury had significantly higher
postinjury prescription rates when compared with the
uninjured cohort for cardiac therapy medications (IRR
1.27, 95%CI 1.18 to 1.38), diuretics (IRR 1.40, 95% CI
1.32to 1.48), BBs (IRR 1.21,95% CI 1.14 to 1.28), calcium
channel blockers (IRR 1.25,95% CI 1.17 to 1.83), than for
agents acting on the renin-angiotensin system (IRR 1.05,
95% CI 1.02 to 1.08) and lipid-modifying agents (IRR
1.04,95% CI 1.01 to 1.08). There was no difference found
for antihypertensives (IRR 1.00, 95% CI 0.87 to 1.16).
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New onset (incident) cardiovascular hospitalisations and
prescriptions

Incident cardiovascular hospitalisations

Individuals in both cohorts who had CVD hospitalisa-
tions in the previous byears, cardiovascular medication
prescriptions in the previous byears, or had self-reported
a cardiovascular condition in the 45 and Up survey results
were excluded. There were 7274 subjects with an injury
in this reduced cohort, and 15608 uninjured control
subjects. A total of 781 (10.7%) individuals in the reduced
injury cohort had a first-time CVD hospitalisation in the
study period, while 2208 (30.4%) had a first-time cardio-
vascular prescription. In the reduced uninjured cohort,
the number with a first-time CVD hospitalisation was 1119
(7.2%), with 4161 (26.7%) having a record of a first-time
cardiovascular prescription.

After adjustment for confounders, the injury cohort
had a 36% greater rate of first time CVD admissions (HR
1.36, 95% CI 1.23 to 1.50) compared with the uninjured
cohort. The injury cohort also had significantly higher
rates for first admissions for IHD (HR 1.24, 95% CI 1.04
to 1.48) and cerebrovascular disease (HR 1.43,9% CI 1.11
to 1.85); however, HF (HR 1.03, 95% CI 0.67 to 1.57) was
not significantly greater.

Incident cardiovascular prescriptions

During the first 30-day period after injury, compared
with the uninjured, the injury cohort had a 2.6 (HR
2.59, 95% CI 1.94 to 3.47) times higher adjusted rate of
first time cardiovascular (combined) prescriptions, with
significantly higher prescription rates for each cardio-
vascular medication subgroup except antihypertensives,
when compared with the uninjured. After 30 days, there
was a small but significant increase in first cardiovascular
prescriptions in those with an injury (HR 1.07, 95% CI
1.01 to 1.13) compared with uninjured. Subgroups of
cardiovascular medications with higher rates of first
prescriptions included those for cardiac therapy (includes
cardiac glycosides, antiarrhythmic, adrenergic vasodila-
tors (organic nitrates) agents), diuretics and BBs. Refer
to table 4 for summary of results.

BB medication use and CVD hospitalisations in those with
injury

There were 5514 individuals in the injury cohort who had
records of BB prescriptions in the 4 months before injury;
of these, 4329 had a BB prescription filled in the 4months
after injury, suggesting continuous use. There were 432
individuals in the injured cohort who commenced BBs
in the thirty days after injury, with no use in the prior
4months (this increased to 619 individuals commencing
BBs in the 60 days after injury, 797 commencing BBs in
90 days after injury, and 928 commencing BB in the first
120 days after injury). There was no record of BB usage
in the 4months prior/post injury in 81% of the injury
cohort (n=28312). Unadjusted rates of hospitalisations
for those in the injury cohort by cardiovascular medi-
cation subgroups (continuous BB, first BB in 30 days

Table 4 Postinjury first time (incident) cardiovascular
prescriptions for injured versus uninjured adults: adjusted
HR and 95% CI

HR, 95% CI 0 to 30
days after injury
(study index)

2.59, 1.94 t0 3.47

HR, 95% CI >30
days after injury
(study index)

1.07,1.01t0 1.13

Medication group

Cardiovascular

medications

(combined)

Cardiac therapy 5.51,1.73t0 17.52 1.17,1.01 to 1.35
Antihypertensives 0.56, 0.10 to 3.19 1.13, 0.88 to 1.46
Diuretics 5.50,2.74 t0 11.04 1.47,1.29 10 1.68

Beta blockers 3.99, 1.77 to 8.99

10.43, 3.00 to 36.29

1.16, 1.03 to 1.32

Calcium channel 1.10, 0.94 t0 1.29

blockers
Renin—-angiotensin
agents

2.40, 1.46 to 3.94 0.00, 0.92 to 1.08

Lipid modifiers 1.79, 1.04 to 3.07 1.08, 0.99 to 1.17

after injury, no BB) are shown in figure 3. For the 2years
prior to injury (study index), those in the continuous
BB group had higher CVD admission rates than those
commencing BB after injury. However, after injury the
observed annual rates of CVD admission for continuous
BB users declined and were lower than that observed for
those who commenced BB after injury. For those who
commenced BB after injury, the preinjury steep incline
of CVD admissions continued to a peak at l-year after
injury, after which time the CVD admission rates declined
but remained higher than that observed for continuous
BB users for a further 3.5 years. For a summary of IRR
(95% CI) results (adjusting for sociodemographic, health,
injury and medication use factors), comparing those in
the injury cohort with record of continuous BB (4months
preinjury and 4 months postinjury), BB commenced after
index injury (within 30 days, 60 days, 90 days, 120 days))
vs those with no record of BB for (1) all cohort data and
(2) data from 2013 onwards, refer to table 5. The results
in table 5 did not identify any difference in results using
the total cohort (2006+) or reduced cohort (2013+),
that is, no misclassification bias due to under-copayment
medications was identified.

In addition, adjusted negative binomial regression
using GEE modelling that examined CVD hospitalisa-
tions in byears after injury with 5years preinjury for each
category of BB use versus no BB use, found similar effects
of lower post-injury CVD hospitalisations for continuous
BB compared with those commencing BB after injury:
continuous BB use (IRR 1.11, 95% CI 1.06 to 1.16); BB
started within 30 days (IRR 1.32, 95%CI 1.19 to 1.47),
60 days (IRR 1.31, 95%CI 1.19 to 1.43), 90 days (IRR
1.28, 95% CI 1.18 to 1.40), 120 days (IRR 1.21, 95% CI
1.12 to 1.31). Refer to figure 4 for number of CVD hospi-
talisations per person for the 5-year windows before and
after injury; only those on continuous BB (before and
after injury) experienced a decrease in post injury CVD
admissions.
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Figure 3 Unadjusted rates of cardiovascular hospitalisations
in those with injury by cardiovascular medication groups;

(A) continuous BB use—those with BB use in the 4 months
before/after injury; (B) those with no prior BB use but BB
prescription in 30 days after injury and (C) those with no
record of BB prescription in 4 months before/after injury. BB,
Beta blocker; CVD, cardiovascular disease.

DISCUSSION

This study examined postinjury CVD morbidity in mid to
older adults living in NSW, Australia who had an injury
serious enough to warrant hospitalisation and found
increased rates of hospitalisations for CVD after injury,
findings consistent with our previous record linkage
research of burn, non-burn trauma and uninjured
people.'® '” While our previous research included social
disadvantage and geographical remoteness indices as
proxy measures for lifestyle and health factors, this study
used data from the 45 and Up Study which allowed adjust-
ment for individuals’ linked medication use, primary
care, health and lifestyle factors.

While increasing age was the strongest predictor of
postinjury CVD hospitalisations (prevalent and new
admissions), those with injury (all types combined) had
19% (95% CI 1.14 to 1.25) higher rates when compared
with the uninjured cohort and spent 40% (95% CI 1.13
to 1.66) longer in hospital. These findings are consistent
with our previous Western Australian study of postinjury
CVD admissions (IRR 1.29, 95% CI 1.21 to 1.87) and LOS
(IRR 1.37, 95% CI 1.13 to 1.66)."” Baseline factors associ-
ated with significantly reduced postinjury CVD admissions

First BB use 120 days after
injury (n=249)

First BB use 90 days after
injury (n=205)

First BB use 60 days

after injury (n=157)

First BB use 30 days

after injury (n=103)
Taking BB before and after
injury (n=1424)

0 0.2 0.4 0.6 0.8 1
Number of cardiovascular hospitalisations per person
in five year window
@5 Years Prior to Injury @5 Years After Injury
Figure 4 Unadjusted cardiovascular hospitalisation rates
5years before and 5years after injury, by beta blocker (BB)
subgroups.

(protective effects) included use of lipid-modifying
agents, moderate and vigorous exercise (vs minimal),
those within the normal BMI range (18.5-25 kg/mQ)
and those who reported a family history of blood pres-
sure. All levels of injury severity (mild, moderate, severe)
were associated with significantly elevated postinjury CVD
admission rates (mild 20%, moderate 16%, severe 20%),
findings also consistent with our previous research.'®'”
Adjusted postinjury admission rates for diagnostic
subgroups of CVD indicated higher rates of admissions
for IHD (30%), HF (14%) and cerebrovascular disease
(22%), compared with the uninjured cohort, results that
are also in line with previous research.'” A 36% higher
rate of first time or incident CVD (total) admissions in the
injured cohort was found when compared with the unin-
jured cohort. In previous research of injury (excluded
burns) patients versus uninjured, first time CVD admis-
sion rates were highest during the first 6months (HR
2.19, 95% CI 1.66 to 2.87), thereafter for 5 years, the inci-
dent rate was 1.16 times higher (95% CI 1.03 to 1.31)." In
this study, higher postinjury incident admission rates were
found for IHD (24%) and cerebrovascular disease (43%),
when compared with the uninjured cohort; however, no
significant increase was found for HF. These results differ
slightly from previous research that identified higher
postinjury (excluded burns) rates for incident IHD,

Table 5 Postinjury cardiovascular disease hospitalisations and record of beta blocker (BB) use yes versus no, among injury

cohort: adjusted incidence rate ratios (IRRs) and 95% Cls

Record of BB medication

IRR 95% CI subset
cohort data 2013+

IRR 95% CI all cohort
data

BB 4 months prior and 4 months after injury n=4329 (continuous use)
BB started within 30 days after injury (n=432) (first 30 days after injury were

excluded from analysis)

BB started within 60 days after injury (n=619) (first 60 days after injury were

excluded from analysis)

BB started within 90 days after injury (n=797) (first 90 days after injury were

excluded from analysis)

BB started within 120 days after injury (n=928) (first 120 days after injury

were excluded from analysis)

1.29 (1.17 to 1.42)
1.69 (1.37 to 2.08)

1.31 (1.13 to 1.56)
1.65 (1.22 to 2.24)
1.63 (1.37 to 1.94) 1.57 (1.22 t0 2.03)
1.75 (1.45 t0 2.02) 1.86 (1.45 t0 2.37)

1.63 (1.40 to 1.89) 1.70 (1.35 to 2.14)
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cerebrovascular disease and HF; however, rates reached
significance only for THD for 6 months after injury.'”
However, previous research of incident CVD comparing
burn patients with uninjured people, found significantly
higher incident rates for IHD, cerebrovascular disease
and HF for at least byears after the initial injury.'®'’
Results from injury subgroup analyses found those with
fractures and open wounds had 17% and 18% higher
postinjury CVD admission rates, respectively. These find-
ings are comparable with our previous results for injury
patients in Western Australia for fractures (IRR 1.14, 95%
CI 1.03 to 1.17) and open wounds (IRR 1.34,95% CI 1.16
to 1.55). However, burn patients had 48% higher postin-
jury CVD admission rates (IRR 1.48, 95% CI 1.02 to 2.15),
when compared with the uninjured cohort. This result
is consistent with our previous population-based burns
research of adults 45 years and older in Western Australia
(adjusted IRR 1.46, 95%CI 1.36 to 1.56)."° Typically,
hospitalisation is required for the management of more
severe morbidity. The higher adjusted CVD hospitalisa-
tion rates found for burn patients may suggest that burns
trigger higher levels of systemic endocrine, inflammatory
and immune responses with the consequence of greater
cardiac stress and/or recovery time of such systemic
responses is longer, resulting in greater morbidity and
hospitalisation for higher levels of clinical management.
A report of Australian prescription claims in 2014-2015
found the most common cardiovascular system (ATC
‘C’) medications taken by people with a cardiovascular
condition were blood pressure lowering medications
(65%) (including angiotensin II antagonists (19%),
beta blocking agents (18%), ACE inhibitors (18%) and
lipid-modifying agents 36% (including statins).*® Results
presented in table 2 of the distribution of CVD medica-
tions used by both injured and uninjured are consistent
with these Australian statistics. Examination of prescrip-
tions used in the 4-month period prior to injury (study
index date) found renin-angiotensin system and lipid-
modifying drugs were the most used in both the injured
and uninjured cohorts. However, after injury, when
compared with the uninjured cohort, those with injury
had significantly increased prescription rates for all ATC
groups of cardiovascular medications (combined inci-
dent and prevalent use) except antihypertensives (refer
to online supplemental table 2) eg, of such medications).
Examination of new (incident) prescriptions for CVD in
the first 30 days after injury, found the injured cohort
had 2.6 times higher use of cardiovascular medications
than uninjured adults, with significantly elevated rates
for each ATC cardiovascular group except antihyperten-
sives. While the wide 95% CI for the subgroups cardiac
therapy and calcium channel blockers indicate the small
numbers involved, these elevated rates may reflect the
acute phase of systemic endocrine, metabolic, inflamma-
tory and immune responses triggered by the injury and
subsequent effects on the circulatory system experienced
by the injury patient. After 30 days, while with a reduced
magnitude, significantly increased incident prescription

rates remained for the injury cohort for cardiac therapy
(includes cardiac glycosides, antiarrhythmic, adren-
ergic vasodilators), diuretics and BB prescriptions when
compared with uninjured adults.

Recent evidence suggests that the metabolic and immu-
nomodulatory effects of BBS,5 1229
commonly used to treat CVD, may expand their clinical
use in a range of trauma patients. In retrospective studies
of patients with trauma, those administered BB (excluded
head injuries) during hospital admission (vs no BB)"* and
within 30 days of intensive care unit admission (vs no BB
use),”” had significantly lower in-hospital fatality; BB use
was identified as an independent protective factor for
mortality (adjusted OR, 0.37; p=0.007).27 BBs have been
found beneficial in paediatric burn patients when used
during the acute phase and for up to lyear to mitigate
hypermetabolism and cardiac stress.* '* **** In addition,
BB administered within 48 hours of burn and continued
throughout hospital discharge period (to decrease heart
rate by 20% from admission levels), was found to diminish
blood loss during skin grafts surgeries and improved
wound healing in adults.*

We explored the effects of BB use on postinjury CVD
hospital admissions among injury patients who survived
their index injury hospitalisation using a triangulation
of analytical and graphical methods. The study results
which adjusted for an extensive range of health, injury
and demographic factors found that continuous use of
BB (ie, those using BB continuously pre and post injury
vs starting after injury) had reduced postinjury CVD
hospitalisation rates. There are several possible interpre-
tations of this result. BBs may have provided beneficial
cardioprotective effects with consequent reduced cardio-
vascular morbidity. BBs typically have a half-life (time it
takes for the concentration of the drug in the plasma or
the total amount in the body to be reduced by 50%),
of between 3 and 10hours (hr) (eg, 3—7hours propran-
olol, metoprolol; 6-7 hours atenolol; 6-8 hours labetalol;
6-10hours carvedilol) with clearance of the drug esti-
mated after 4.5x the respective half-life (hours).”* Even
in the absence of BB treatment during the index hospital
stay, it is possible that those already on BBs prior to injury
had therapeutic plasma levels of BB. For those injury
patients on BBs continuously with tight regulation of
beta-adrenergic receptors, the BBs may have afforded
benefits in managing the acute systemic responses and
subsequent physiological effects. A second interpretation
is that the difference in cardiovascular morbidity between
these groups simply reflects differences in underlying
cardiovascular health—individuals already on BBs may
have their pre-existing cardiovascular condition under
control and so have lower rates of CVD morbidity as
compared with those with new-onset BBs, who may have
a newly diagnosed condition with greater likelihood of
recurrent admissions. Further clinical research of injury
patients is required to definitively address this and direct
treatment.

a class of medications
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Strengths and limitations
This study analysed pre-existing data from the 45 and
Up Study, a population-based cohort study of 267153
randomly selected adults aged 45 and older in NSW,
Australia. The data analysed included self-reported
health and lifestyle information linked to hospital (public
and private), pharmaceutical and primary care records
and indices of geographic remoteness and social disad-
vantage, providing researchers with the most complete
picture of health and illness of these study participants.
Our previous record linkage research included all indi-
viduals in the population of Western Australia; however,
individual-level lifestyle, medication and primary care
data were unavailable for linkage including information
on many key cardiovascular risk factors, such as smoking,
BMI, physical activity, family history, cholesterol and
blood pressure. The 45 and Up Study may not be repre-
sentative of the entire general population of mid to older
adults with and without a record of injury admission in
NSW; however, the strength of these data is in the ability
to support comparison studies within the cohort. While
an important strength of this study is the inclusion of
linked objective pharmaceutical claims data, it was a study
assumption that the supplied medication was consumed.
In addition, without linked individual medical records,
the precise diagnostic indications for the CVD prescrip-
tions were unknown. Counts and rates of hospitalisations,
length of hospital stays, and prescription use are consid-
ered valid measures of health outcomes.™ While limita-
tions exist with the use of linked health administrative
data, such longitudinal data provide a valuable source of
information to explore clinical questions at a population
level with a comparison cohort.™

While our controls were matched on sex and age,
imbalances remained between the cohorts, particularly
in regard to previous health status. These include differ-
ence in the patterns of health service use; higher service
use may be indicative of poor health, or higher health-
seeking behaviour, while lower service use may be indica-
tive of better health or healthcare avoidance. Those with
injury hospitalisation have higher rates of cardiovascular
admissions compared with the controls prior to have an
injury, suggesting the potential for bias. In addition, there
was no evidence of a dose/response relationship, with
those with more severe injuries not having any greater
cardiovascular morbidity when compared with those with
more minor injuries. To ensure the validity of our conclu-
sions, a propensity score analysis was undertaken to
further investigate our main model which showed higher
cardiovascular hospitalisations in those with injury diag-
nosis. Propensity score analysis allowed us to account for
imbalances in confounders between cohorts, although
only a minimal number of covariates can be included.
To address these potential imbalances, we included
confounders pertaining to prior health status, and health
service utilisation. Results from this analysis replicated
our main finding, providing additional strength to our
conclusions. However, controlling for all confounders

is difficult in an observational design with imbalanced
groups, and as such the data provides only weak evidence
to support our conclusions. A randomised design is
required to gain further confidence.

Our investigation of BBs effect on cardiovascular hospi-
talisations was exploratory, with our findings suggestive
of multiple competing hypotheses that could not be
disentangled. Our study investigated the effect of BBs on
cardiovascular hospitalisations but provided no detailed
analysis of other cardiovascular medications. While there
are reasons to expect BBs to have greater cardioprotective
effects than other cardiovascular medications,5 % these
other medications also have anti-inflammatory effects
and may contribute to a purported cardio-protective
effect. A large portion of our study sample were taking
multiple cardiovascular medications, making the effect of
one single medication difficult to isolate.

CONCLUSION

This study analysed self-reported health and lifestyle data
of participants in an Australian population-based study
linked with hospital admissions, pharmaceutical claims
and primary care data to investigate the effect of injury on
longer term postinjury CVD hospitalisations. Findings of
increased postinjury hospitalisation rates and prolonged
length of hospital stay related to CVD in the injury cohort
are consistent with previous research and may suggest that
injury has long-lasting systemic impacts on the heart and
circulation, requiring prolonged clinical support. While
our analyses of BB use among injury patients appeared
to show reduced need for CVD hospitalisation by those
injury patients who were on continuous BB treatment
(preinjury and postinjury), further definitive clinical
research is required to determine causality.
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