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Abstract

Introduction

Socioeconomic status (SES) is associated with rate and severity of trauma. However, it is
unclear whether there is an independent association between SES and mortality after injury.
Our aim was to assess the relationship between SES and mortality from trauma.

Materials and methods

We conducted a secondary analysis of the Trauma Audit and Research Network dataset.
Participants were patients admitted to NHS hospitals for trauma between January 2015 and
December 2015, and resident in England. Analyses used multivariate logistic regression
with thirty-day mortality as the main outcome. Co-variates include SES derived from area-
level deprivation, age, injury severity and comorbidity. All analyses were stratified into minor
and major trauma.

Results

There were 48,652 admissions (68% for minor injury, ISS<15) included, and 3,792 deaths.
Thirty-day mortality was 10% for patients over 85 with minor trauma, which was higher than
major trauma for all age groups under 65. Deprivation was not significantly associated with
major trauma mortality. For minor trauma, patients older than 40 had significantly higher
aORs than the 0—15 age group. Both the most and second most deprived had significantly
higher aORs (1.35 and 1.28 respectively).

Conclusions

This study provides evidence of an independent relationship between SES and mortality
after minor trauma, but not for major trauma. Our results identify that, for less severe trauma,
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older patients and patients with low SES with have an increased risk of 30-day mortality. Pol-
icy makers and service providers should consider extending the provision of ‘major trauma’
healthcare delivery to this at-risk population.

Introduction

Traumatic injury is a major public health problem. In 2013 there were an estimated 973 mil-
lion episodes that required healthcare, and 4.8 million deaths worldwide [1]. In England and
Wales, trauma causes 16,000 deaths each year, with many survivors left with severe and long
lasting disability [2]. In recent years, systems improvements such as the establishment of
major trauma networks in England and advances in care have promoted improved outcomes,
but major trauma remains a significant issue. In 2010, the UK National Audit Office estimated
the economic losses associated with major trauma in England was between 3.3 and 3.7 billion
pounds [3], and trauma is estimated to cost Clinical Commissioning Groups £1.53 billion [4].

There is substantial evidence of an association between socioeconomic status (SES) and
trauma in different settings and across age groups. In the UK, lower SES is associated with
increased rates of injuries in children [5], rates of house fire [6], and twice the rate of traumatic
injury in adults [7]. Similar patterns are seen internationally for children [8-10], and adults
[11-13]. However, the relationship between trauma mortality and SES is less clear. Low
income has been linked to higher mortality from trauma in the USA after adjustment for race,
comorbidities and injury severity [14]. However, the effect of differential access to medical
care based on SES seen in non-universal healthcare systems may have influenced these find-
ings. Conversely, a recent registry based Scottish (universally free healthcare) study found that
SES was not independently associated with trauma mortality [15].

The aim of this study is to determine the relationship between SES and trauma mortality,
and how this varies by injury severity. Addressing these questions is important for public
health policymakers and clinicians designing policies to address potential inequalities in
trauma outcomes.

Materials and methods

We conducted a retrospective analysis of the TARN database, a clinical registry that collects
data from all “trauma-receiving” hospitals in England for patients with traumatic injuries. The
best practice tariff for major trauma centres promotes timely entry of clinical data to TARN
[16]. TARN has PIAG Section 60 approval for research using the data that it holds. We split
the analysis into minor and major trauma (ISS of less than and greater than 15 respectively).
The trauma network system in England is predominantly focused on the most severely injured
patients by concentrating resources in Major Trauma Centres and caring for the highest acuity
patients at these hospitals [17]. Therefore, minor and major trauma patients are treated using
distinct clinical pathways, and are analysed as such. We used national data from NHS hospitals
(universally free healthcare) in England from the Trauma Audit and Research Network
(TARN) to examine this potential effect.

Participants

We included all individuals who were admitted to “trauma-receiving” hospitals secondary to
trauma and treated as an in-patient for 3 or more days, admitted to critical care units or died
in hospital. Isolated closed limb fractures and neck of femur fractures in patients over 65 are
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excluded from TARN. Data collection period: 1** January 2015 and 31* December 2015 and
limited to patient’s resident in England. Data include patient age and sex, postcode sector,
mode of injury, injury severity score (ISS), comorbidity and mortality at 30, 90 and 180 days.

Variables

The primary outcome was 30-day mortality. Thirty-day mortality is determined by referencing
hospital records for in-patients and via linkage to Office for National Statistics data for those
who have been discharged. We selected 30-day mortality as the primary outcome variable as
primary mortality diagnoses at 90 and 180 days are increasingly less likely to be caused by the
index trauma episode.

The primary predictor variable was SES based on deprivation of area of residence. This
study assigned a standardised measure of deprivation to each record in TARN, using the
English indices of deprivation 2015, Index of Multiple Deprivation (IMD) [18]. The indices
are derived from census and local administrative data and used to construct seven domains of
deprivation: income, employment, health and disability, education skill and training, barriers
to housing and other services, crime, and living environment. The IMD is a weighted score of
the seven domains, and a robust and commonly used measure of deprivation in England. The
IMD is available at Lower Super Output Area (LSOA) level, a small geographical boundary
containing approximately 1500 persons. Within TARN each record has a geographical indica-
tor, the postcode-sector. To assign the Indices of Deprivation to each record we calculated a
synthetic domain score and IMD score for each postcode sector in England by weighting
LSOA level deprivation scores based on the geographical contribution of each LSOA to each
postcode sector [18]. The resulting synthetic scores were then grouped into country specific
national quintiles of deprivation for the IMD, where quintile 1 is the most deprived and quin-
tile 5 the least deprived [19]. This is an established method of IMD estimation that has been
used previously [20].

Covariates included age group, sex, ISS category and comorbidity. Age was grouped into 0
to 15 years old, 16 to 24, 25 to 39, 40 to 64, 65 to 84, and 85 and older. ISS was split into four
categories, two in major trauma (ISS 16 to 24 and greater than 24), and two in minor trauma
(ISS less than 9 and 9 to 15). These are established cut-offs [21,22], and their usefulness derives
from patients with isolated injuries of increasing severity appearing in different groups.
Comorbidity is calculated by TARN using the pre-existing medical conditions (PMC) score,
modified from the Charlson Comorbidity Index. Each comorbid condition is assigned a
weight, based on the impact of the condition on outcome, with higher values assigned to more
severe conditions. Weights are then summed for each case [23,24]. The scores were categorised
as 0, 1to 5, 6 to 10 and greater than 10 as per TARN criteria.

Statistical analysis

Data were analysed using Stata V13 (StataCorp, Stata Statistical Software: Release 13, College
Station, Texas, USA). All analyses were run separately for both minor and major trauma.
Absolute 30-day mortality, and proportion, were determined for each age group, sex, ISS cate-
gorisation, comorbidity group and IMD quintile. Cross-tables of IMD quintile by other vari-
ables with Chi squared tests are included in the supporting information (S1 Table). Univariate
logistic regression models with 30-day mortality as the outcome measure were ran for age
group, sex, ISS categorisation, comorbidity and IMD quintile. A multivariable logistic regres-
sion model was run with 30-day mortality as the outcome measure and all variables included
in univariate regression input. Model fitting was based on variables identified as part of a priori
statistical plan and used a categorical variable for socioeconomic deprivation (reference group:
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quintile 5), sex (reference group: female), age group (reference group: 0-15 years), and ISS cat-
egory (reference group for minor: ISS < 9; reference group for major: ISS 16-24). Additional
multivariate regression models with deprivation included as a continuous variable (IMD
score) are included in the supporting information (S2 Table).

Sensitivity analyses were run using 90-day and 180-day mortality as the outcome variable
for the multivariate logistic regression models. The results for the sensitivity analyses are
included in the supplementary appendix (S3 and S4 Tables).

Results

There were 52,422 trauma admissions to hospital included in the TARN dataset. There were
1,414 admissions excluded because no postcode was available or patients were non-English
residents, and one exclusion due to unreliable age data. A further 2,220 were removed because
comorbidity data was missing, and 129 were removed because no deprivation score could be
assigned to the partial postcode. The final analysis included 48,658 admissions and 3,792
deaths at 30 days, and 68% (n = 32,931) of these admissions were for minor injury.

Table 1 shows the sample characteristics split between minor and major trauma. Over half
of minor trauma occurred in patients over 65 years of age, and 29% occurred in those aged
40-64 and approximately 10% came from patients under 24 years of age. Females were respon-
sible for 52% of minor trauma admissions, and 68% of all minor trauma admissions were for
severity 9 to 15. Almost half of admissions had a comorbidity score of 0, and 3% had the

Table 1. Characteristics of study population for minor and major trauma.

Age Group

Sex

Injury Severity

30-Day Mortality

Comorbidity score PMC

IMD Quintile

Minor Major

n % n %

0-15 1,547 4.7 687 4.4
16-24 1,908 5.8 1,412 9.0
25-39 2,913 8.8 1,946 12.4
40-64 9,571 29.1 4,076 25.9
65-84 10,066 30.6 4,857 30.9
85+ 6,926 21.0 2,749 17.5
Female 16,968 51.5 5,543 35.3
Male 15,963 48.5 10,184 64.8

ISS <9 10,629 32.3
ISS 9-15 22,302 67.7

ISS 16-24 8,196 52.1
ISS >24 7,531 47.9
No 31,607 96.0 13,259 84.3
Yes 1,324 4.0 2,468 15.7

0 15,716 47.7 7,198 45.8
1to5 12,706 38.6 6,105 38.8
610 10 3,611 11.0 1,937 12.3
>10 898 2.7 487 3.1

1- most deprived 7,540 229 3,657 23.3
2 7,095 21.5 3,321 21.1

3 6,530 19.8 3,112 19.8

4 5,841 17.7 2,796 17.8

5- least deprived 5,925 18.0 2,841 18.1

PMC- Comorbidity score; ISS- Injury Severity Score; IMD- Index of Multiple Deprivation.

https://doi.org/10.1371/journal.pone.0210226.t001
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Table 2. Percentage who died at 30 days in each group, split into minor and major trauma.

Age Group

Sex

Injury Severity

Comorbidity score PMC

IMD Quintile

Minor Major

n % n %

0-15 4 0.3 35 5.1

16-24 4 0.2 112 7.9

25-39 9 0.3 149 7.7

40-64 121 1.3 381 9.3

65-84 487 4.8 972 20.0

85+ 699 10.1 819 29.8

Female 748 44 956 17.2

Male 576 3.6 1,512 14.8
ISS <9 379 3.6
1SS 9-15 945 4.2

1SS 16-24 608 7.4

1SS >24 1,860 24.7

0 174 1.1 611 8.5

1to5 635 5.0 1,161 19.0

6to 10 388 10.7 541 27.9

>10 127 14.1 155 31.8

1- most deprived 284 3.8 502 13.7

2 287 4.0 482 14.5

3 271 4.2 517 16.6

4 245 4.2 499 17.8

5- least deprived 237 4.0 468 16.5

PMC- Comorbidity score; ISS- Injury Severity Score; IMD- Index of Multiple Deprivation.

https://doi.org/10.1371/journal.pone.0210226.t1002

highest score of more than 10. A social gradient was observed, with 22.9% of admissions from
the most deprived compared with 18% from the least deprived areas. Overall, 4% of minor
trauma admissions resulted in death at 30 days.

Major trauma admissions were most common from patients in the 40-64 and 65-84 age
groups (26% and 31% respectively) but patients from 25-39 and 16-24 age groups made up a
larger proportion of admissions (12% and 9% respectively) compared to minor trauma. Over-
all, 65% of major trauma admissions were male. Overall, 46% of admissions had a comorbidity
score of 0, with 3% of patients suffering the highest score (>>10). Again, a social gradient was
observed, with 23% of admissions from the most deprived compared with 18% from the least
deprived areas. Overall, 15% of major trauma admissions resulted in death at 30 days. For both
major and minor trauma, significant associations were shown between IMD quintile and age
group, sex and comorbidity score. There was a significant association between IMD quintile
and thirty-day mortality for major trauma, and between IMD quintile and injury severity for
minor trauma (S1 Table).

Table 2 shows the 30-day mortality percentage for each group for minor and major trauma.
The mortality proportion increased with age for both, with 10% in patients aged 85 plus for
minor trauma and 30% for major trauma. The mortality proportion for 85 plus was higher in
minor trauma than those for all patients under 65 for major trauma. The most severe trauma
(ISS>24) suffered higher mortality than other ISS categories. Large mortality increases were
seen as comorbidity score increased for both minor and major trauma. The relative increase
was approximately 14 for minor trauma (1% at score of 0 to 14% at > 10) compared to 3.74 for
major trauma (8% to 32%).
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Fig 1. Univariate and multivariate logistic regression models 30-day mortality. Covariates are IMD quintile, age group, sex and ISS categorisation, for A—major

trauma and B—minor trauma.

https://doi.org/10.1371/journal.pone.0210226.g001

For major trauma, univariate analysis demonstrated that all age groups had significantly
higher odds of 30-day mortality compared to patients aged 0-15, with the highest odds for the
85 plus age group (OR 7.91, 95% CI 5.57-11.21; Fig 1). However, only the 65 to 84 and 85 plus
age groups had significantly higher adjusted odds ratios (aORs 3.18 and 5.64 respectively). Nei-
ther sex, nor deprivation were significantly associated with mortality in either model. All
comorbidity groups had higher unadjusted and adjusted odds of mortality compared with a
comorbidity score of 0. The highest OR and aOR was for a comorbidity score of over 10 (5.03
and 3.32 respectively). The odds of mortality for ISS of greater than 24 compared to 16 to 24
was 4.09 unadjusted (95% CI 3.71-4.51) and 4.70 adjusted (95% CI 4.24-5.20).

For minor trauma, patients more than 40 years of age had significantly higher odds of mor-
tality than the 0-15 age group, both for univariate and multivariate models. The odds were
highest for the 85 plus age group, with an OR of 43.30 (95% CI 16.18-115.88) and aOR of
22.42 (95% CI 8.29-60.63). Males had significantly higher odds than females in the multivari-
ate model only (aOR 1.41, 95% CI 1.25-1.59). All comorbidity groups had significantly higher
unadjusted and adjusted odds of mortality compared with a comorbidity score of 0. The high-
est OR and aOR was for a comorbidity score of over 10 (14.71 and 8.48 respectively). The odds
of mortality for ISS of 9 to 15 compared to less than 9 was 1.20 unadjusted (95% CI 1.06-1.35)
and 1.47 adjusted (95% CI 1.30-1.66). Unadjusted OR were not significant for deprivation,
however aOR for most deprived (1.35, 95% CI 1.12-1.62) and second most deprived (1.28,
95% CI 1.07-1.54) were both significant compared to the least deprived quintile.

Sensitivity analyses using 90-day and 180-day mortality as the outcome variable have
broadly similar patterns as using 30-day mortality (see S3 and S4 Tables). For major trauma,
there were no significant findings for deprivation and the patterns seen for other covariates
remained broadly similar. For minor trauma, increasing the mortality horizon moderated the
odds related to deprivation. The aORs remained significantly higher for the most deprived
compared to the least deprived at both 90 and 180 days (1.27 and 1.26 respectively), however
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the second most deprived quintile was no longer significant at 180 days (aOR 1.12, 95% CI
0.98-1.27). All other covariate patterns remained broadly similar.

Discussion

In this large, retrospective analysis of national data of hospital admissions due to injury in
England we show that for major trauma, deprivation did not have an independent relationship
with 30-day mortality. Conversely, after minor trauma there was significantly higher 30-day
mortality for people living in more disadvantaged areas.

For minor trauma, there was a clear social gradient for mortality, with the lowest SES asso-
ciated with highest odds of mortality. The lack of specialist care for non-major trauma may
explain the increased odds of mortality seen in more disadvantaged groups. In England, all
healthcare is free at point of care through the NHS and the majority of major trauma is
attended to by a trauma team at specialist trauma centres [17]. This involves a team of highly
specialised clinicians who provide high quality care for patients. Evidence suggests that models
such as this have led to improvements in outcomes from severe trauma [25], and better access
to healthcare is associated reductions in inequalities of mortality across Europe [26]. It is plau-
sible that this specialist care for major trauma and the large effect of injury severity on mortal-
ity for major trauma masks the relatively small effect that SES may have on mortality from
major trauma, in contrast to less severe injuries. This lack of specialist care for non-major
trauma may lead to the ‘inverse care’ effect; despite having increased need of care, individuals
from low SES are less likely to receive it, and therefore are at increased risk of mortality.
Despite the availability of universal healthcare, the inverse care law remains applicable in the
UK [27]. Another potential mechanism for this association could be worse underlying health
of people from lower SES meaning they are less able to survive the insult of minor trauma. We
have controlled for comorbidities in these analyses in an attempt to offset this mechanism.

The observed relationship between covariates and mortality for minor trauma is suggestive
that different groups are particularly vulnerable to mortality. High aORs are seen for older age
groups and for increasing levels of comorbidity which may highlight these groups as highly
vulnerable after minor trauma. An alternative interpretation is that these results suggest that
these groups are at baseline higher risk on mortality and that the presence of minor trauma is
incidental. However, we suggest that using 30-day mortality as our primary outcome measure
increases the likelihood that mortality was directly attributable to the trauma episode.

Previous studies have provided contradictory evidence regarding the association of SES on
mortality in trauma. Despite some previous studies suggesting there is no association between
SES and mortality [15,28], our study shows SES is associated with minor trauma mortality
[14], but not for major trauma. This has implications for both public health and clinical prac-
tice. For public health, preventative work should consider the importance of less severe injuries
in older age groups and in more disadvantaged communities, and extra service provision may
be required for rehabilitation or follow-up care. Our results demonstrate that older patients
with minor trauma had similar mortality to younger age groups with major trauma. This raises
the possibility that advanced age should be used as a criterion for trauma team activation (65
years old and above) [29]. There may also be an important role for ortho-geriatricians in the
elderly patients with minor trauma, as has become commonplace for elderly patients who sus-
tain neck of femur fractures in the NHS (not included within this dataset).

There are a number of strengths to our study. The use of the TARN database for England
means near complete capture of major traumatic injuries, as all emergency admissions will
attend an NHS hospital. Thus, the analysis should be fully representative of the major trauma
population during this time period. Additionally, the universal coverage provided by the NHS
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attenuates, but does not completely remove, the effect of differential healthcare access, an issue
that has influenced prior studies [28]. The inclusion of a comorbidity measure strengthens the
results, as our findings suggest that comorbidity does not confound the observed mortality—
SES relationship. Finally, data availability and coverage has allowed us to analyse the impact of
non-major trauma, including minor injuries, and we have examined this group as a separate
patient population to major injury due to the different clinical pathways of care they follow
[17].

A number of limitations exist. As only partial postcodes were available, the area-based mea-
sure of deprivation is less accurate than it would be if full postcode was available, particularly
when compared to previous studies on the topic [15]. Conversely, evidence from the US uses
ZIP-code linked data [14,28], which includes approximately 30,000 people [30], and our area-
based measure includes a median of 6,799 people. Therefore, our methodology may risk eco-
logical fallacy when interpreting results. Another limitation is the use of mortality as the pri-
mary outcome variable. Mortality is only one negative outcome for trauma, and the study was
unable to determine the relationship between socioeconomic status and other negative
sequelae, such as disability. The inclusion of only trauma with a length of stay of three or more
days could impact on the generalisability of our findings. There will be a cohort of injuries that
are excluded from our analysis because they are treated through a short hospital stay, in the
emergency department, in primary care, or through self-care. This is unlikely to impact the
major trauma analysis, however for minor trauma there may be a cohort of excluded cases
who are at low risk of the mortality outcome, introducing a potential source of bias.

In conclusion, this study provides evidence of an independent relationship between SES
and mortality after minor trauma, but not for major trauma. Major trauma centres preferen-
tially focus resources on patients with major trauma. Our results identify a pertinent subset of
patients with less severe trauma with increased risk of 30-day mortality. Policy makers and ser-
vice providers should consider extending the provision of ‘major trauma’ healthcare delivery
to this at-risk population. Our findings indicate that further targeted resource investment in
preventative practices for older patients living in deprived areas may be appropriate to reduce
mortality after trauma. Further research is needed to explore how SES impacts other negative
outcomes from trauma, such as longer-term morbidity and disability.
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