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Abstract

Background Pre-injury frailty is associated with adverse in-hospital outcomes in older trauma patients, but the
association with longer term survival and recovery is unclear. We aimed to investigate post discharge survival and
health-related quality of life (HRQoL) in older frail patients at six months after Major Trauma Centre (MTC) admission.

Methods This was a multi-centre study of patients aged > 65 years admitted to five MTCs. Data were collected

via questionnaire at hospital discharge and six months later. The primary outcome was patient-reported HRQoL at
follow up using Eurogol EQ5D-5 L visual analogue scale (VAS). Secondary outcomes included health status according
to EQ5D dimensions and care requirements at follow up. Multivariable linear regression analysis was conducted to
evaluate the association between predictor variables and EQ-5D-5 L VAS at follow up.

Results Fifty-four patients died in the follow up period, of which two-third (64%) had been categorised as frail
pre-injury, compared to 21 (16%) of the 133 survivors. There was no difference in self-reported HRQoL between frail
and not-frail patients at discharge (Mean EQ-VAS: Frail 55.8 vs. Not-frail 64.1, p = 0.137) however at follow-up HRQoL
had improved for the not-frail group but deteriorated for frail patients (Mean EQ-VAS: Frail: 50.0 vs. Not-frail: 65.8, p =
0.009). There was a two-fold increase in poor quality of life at six months (VAS < 50) for frail patients (Frail: 65% vs. Not-
frail: 309% p < 0.009). Frailty (B-13.741 [95% Cl -25.377, 2.105], p = 0.02), increased age (3 -1.064 [95% Cl [-1.705,-0423] p
= 0.00) and non-home discharge (3 -12.017 [95% CI [118.403, 207.203], p = 0.04) were associated with worse HRQoL at
follow up. Requirements for professional carers increased five-fold in frail patients at follow-up (Frail: 25% vs. Not-frail:
4%, p=0.01).

Conclusions Frailty is associated with increased mortality post trauma discharge and frail older trauma survivors had
worse HRQol and increased care needs at six months post-discharge. Pre-injury frailty is a predictor of poor longer-
term HRQol after trauma and recognition should enable early specialist pathways and discharge planning.
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Background
Traumatic injury is a substantial health burden for older
patients with a significant proportion having ongoing
functional and psychological difficulties long after hos-
pital discharge [1]. Populations are ageing, and there is a
corresponding increase in the proportion of older trauma
patients [2]. Trauma systems are also better at identifying
previously under-recognised populations of older trauma
patients [3]. Accordingly, trauma systems have adapted
their practice and guidance for older patients, focussing
on differing mechanisms of injury and age-related physi-
ological variations, to ensure timely assessment and man-
agement in the early phases of care [4, 5]. However older
trauma patients are a heterogeneous group in relation
to age, pre-injury functional status and comorbidities,
all of which might impact on longer-term recovery [6].
Recent evidence suggests that in older trauma patients,
frailty rather than chronological age is strongly associ-
ated with in-hospital and 30-day mortality and adverse
discharge disposition [2, 7, 8]. Frailty is a state of reduced
physiological and cognitive reserve and may affect an
individual’s ability to respond to a stressor event such
as traumatic injury [9]. Between six and twelve months
post trauma-discharge, frail patients are also more likely
to have a trauma-related readmission [10] and poor func-
tional status [11], yet the effect of frailty on longer term
survival and quality of recovery is not widely reported.
Characterising pre-injury frailty may help to support
prognostication in the acute phases of trauma care [12,
13] but it may also identify those who are vulnerable to
longer term mortality, poor recovery and reduced quality
of life. Health related quality of life (HRQoL) describes
an individual’s perception of their physical and men-
tal health, cognitive and emotional status [14]. Patient
reported HRQoL measures are used to quantify the effect
of injury on health, assessing functional, psychological,
social and mobility dimensions to provide an insight into
recovery [15]. There are a variety of HRQoL measures
and in the UK the Euroquol EQ-5D-5 L measure has been
implemented within a national programme of patient-
reported outcomes after major trauma for all ages of
adult patients [16]. A recent systematic review identified
that EQ-5D-5 L had good feasibility and application when
administered to older people, including when support to
complete was required [17]. Understanding HRQoL fol-
lowing trauma is also important in planning and sup-
porting ongoing care, and to ensure that patients and
families or carers are given realistic information on their
expected recovery [14]. In older, frail trauma patients
HRQoL appears to deteriorate after discharge from hos-
pital. At 30 days after injury, frailty is reported to nega-
tively impact on the recovery of health-related quality of
life compared to the discharge baseline [18]. Beyond this
time-point, the effects of frailty on longer-term HRQoL
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after trauma are not widely reported. Frail survivors of a
trauma admission may suffer a markedly worse longer-
term outcome and HRQoL compared with those who
are not frail. Therefore, we aimed to investigate health
related quality of life at six months following discharge
from hospital, in older trauma survivors with and with-
out pre-injury frailty. We also aimed to compare longer-
term care needs between these two patient groups.

Methods

This research comprised the longer-term outcome evalu-
ation of the ‘Frailty in Major Trauma’ (FRAIL-T) multi-
centre prospective observational study, carried out at five
Major Trauma Centres (MTCs, Level 1 equivalent hos-
pitals) in England [19]. The study was approved by the
UK Social Care Research Ethics Committee (REC: 19/
IEC08/0006).

Eligibility criteria included participants aged 65 or
over, requiring trauma team activation and subsequently
admitted to an MTC, irrespective of their injury sever-
ity score. All MTCs use a tiered trauma team activation
(TTA) system depending on whether a full trauma team
is required or not. Patients were approached for enrol-
ment regardless of the level of TTA. Pre-injury frail status
was determined during the in-patient phase of FRAIL-T
and confirmed by geriatricians using the Clinical Frailty
Scale (Frail defined as Clinical Frail Scale > 6) [19]. Partic-
ipants were consented for follow-up at the time of enrol-
ment into the study. If a participant lacked capacity, then
in line with the Health Research Authority for England
and Wales guidance, a personal consultee who was able
to advise on whether the patient should be included was
approached. Quality of life data were collected via a ques-
tionnaire at two time points: on the day of discharge from
hospital and at follow up, namely six months following
discharge from hospital. When providing consent par-
ticipants were asked to state their preference for receiv-
ing a follow-up questionnaire either by post or email, or
administered over the telephone by a researcher trained
in undertaking telephone interviews. Prior to follow-up
at six-months the patient’s survival status was checked
via the national digital record system (National Health
Service Spine) to ensure it was appropriate to make con-
tact. Participants who were known to be alive at follow
up but who did not respond to the initial request were
contacted by telephone up to three times, at which point
if there no response they were assumed ‘lost to follow-up.

The primary outcome was patient reported health
related quality of life (HRQoL) at follow up compared to
hospital discharge. HRQoL was assessed using two ele-
ments: the Euroqol EQ-VAS (visual analogue scale) which
rates overall health on 0-100 scale where endpoints are
labelled ‘“The worst health you can imagine’ through to
“The best health you can imagine’ [20]. A poor HRQoL



Cole et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine

was defined as a VAS rating < 50 [21, 22]. Descriptions
of the individual’s health status was measured using the
EQ-5D-5 L system, a preference-based measure of self-
reported health, which has been successfully validated
in geriatric populations [23] and in frail older patients
[24]. EQ-5D-5 L consists of five dimensions: mobility,
self-care, usual activities, pain and discomfort, and anxi-
ety and depression, and respondents report each dimen-
sion as no problems, slight problems, moderate problems,
severe problems and extreme problems (or unable to com-
plete) [25]. It has been developed for use either in face-
to-face or telephone/online interviews when respondents
are capable of self-reporting their health-related quality
of life but unable to self-complete a paper/digital ques-
tionnaire [21]. We also recorded patient reported altera-
tion in dependence status and care needs at follow up.

Table 1 Patient characteristics and outcomes

Died Not in- Included  p-value
postdis- cludedin infollow
charge (n followup up(n=
=54) (n=150) 133)
Pre-injury frailty 32 (64%) 55 (37%) 21 (16%) <0.01
AgeAn 83.0(7.8) 80.3(83) 77.7 (7.5) <0.01**
Female 32(59%) 80 (53%) 69 (52%) 0.85
Predominant 0.01
mechanisms of
injury:
Fall<2m 38 (70%) 77 (51%) 72 (54%)
Fall=z2m 12 (22%) 42 (28%) 19 (14%)
Vehicular incident 2 (4%) 24 (16%) 34 (26%)
Admission GCSA 15 15(14-15)  15(15-15) 0.07
(14-15)
Injury Severity 13(9-20) 13(9-20) 13(9-17) 0.63
Score~
Critical care 6 (13%) 29 (22%) 18 (16%) 0.27
admission
Hospital LOS 17 (7-27) 14 (5-20) 10 (4-18) 0.02*
(days)~
Pre-injury resi- 0.29
dential status:
Own 47 (87%) 136 (91%) 126 (96%)
accommodation
Residential care 5 (5%) 13 (9%) 5 (4%)
Warden controlled 2 (4%) 1 (1%) 1 (1%)
accommodation
Discharge to 30 (56%) 105 (70%) 102 (77%) <0.01
home
Discharge Eq.5D 539 (24.1) 59.1(23.0) 61.8(20.0) 0.16

VASA

Amean (standard deviation) or ~ median (Interquartile range) unless otherwise
stated. Frail = Clinical Frailty Scale > 5 in hospital by ED or Geriatrician teams.
GCS: Glasgow Coma Scale; LOS: Length of Stay, Eq. 5D VAS: Visual Analogue
Scale. p value indicates comparison across groups (ANOVA / Kruskall Wallis or
Chi Squared tests). ** signifies p < 0.01 when comparing age of patients who
died and those who were alive and included (Tukeys post-hoc test). ). *signifies
p=0.04 when comparing LOS of patients who died with those who were alive
and included (Dunn post-hoc test)
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On day of hospital discharge participants were
approached by a research team member and asked to
complete the questionnaire. If a patient lacked capacity at
follow-up, a relative or proxy (if available) was asked to
complete the questionnaire on their behalf [26]. At six-
month follow-up participants or their proxy were either
sent an HRQoL for self-completion or contacted by tele-
phone to complete the interviewer administered version
of the tool.

Data were analysed using Stata (version 16.1). Continu-
ous data were tested for normality using Shapiro Wilk
tests. Parametric comparisons were conducted using
t-tests or ANOVA with Tukeys post hoc testing, and
reported as mean (standard deviation). Non-paramet-
ric comparisons were tested using Mann Whitney U or
Kruskall Wallis tests with Dunn post hoc testing, and
reported as median (interquartile range). All tests were
two-sided. Analysis of categorical data was conducted
using Fisher’s exact test and reported as number and
percentage. The five EQ-5D-5 L dimensions were dichot-
omised into ‘no problems’ and ‘any problems’ [20] for
comparison between cohorts at discharge and follow up.
Multivariable linear regression analysis was conducted to
evaluate the association between EQ-5D-5L VAS at fol-
low up and predictor variables including frailty, age, sex,
comorbidities, mechanism of injury, critical care admis-
sion, injury severity, length of stay and discharge destina-
tion. Robust standard errors were used and a p-value of
< 0.05 was considered statistically significant. Potential
non-linear effects of predictors were explored using frac-
tional polynomial terms. Model specification was also
checked by the link test and Ramsey’s regression specifi-
cation-error test. Missing data was addressed using max-
imum likelihood method [27].

Results

Of the 337 FRAIL-T study patients who survived hospital
admission, 150 patients (45%) were not included in the
follow up due to: no response ‘loss to follow up’ (119), not
on NHS central record system to check survival status
(10), did not consent to follow up (10) or unable to com-
plete the HRQoL due to communication difficulties (10).
Fifty-four patients (16%) died post discharge, leaving 133
included in the longer-term analysis (Table 1).

There was a four-fold increase in pre-injury frailty in
those who died after discharge compared to those alive
and included in the follow-up (Frail died: 64% vs. Frail
not followed-up: 37% vs. Frail followed-up: 16%, p < 0.01).
Patients who died prior to follow up were older (Died: 83
years vs. Not followed-up: 80 years vs. Followed-up: 77
years, p < 0.01), had experienced longer hospital stays
(Died: 17 days vs. Not followed-up: 12 days vs. Followed-
up: 10 days, p = 0.02) and were less likely to go directly
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to home from the MTC (Died: 56% vs. Not followed-up:
70% vs. Followed-up: 77%, p < 0.01).

Less than a fifth of the followed-up patients (16%)
had been categorised as frail whilst in hospital accord-
ing to the clinical frailty scale [28] (Table 2). Only half of
frail patients were able to complete the follow up inde-
pendently compared to 92% of the not-frail group. Frail
patients alive at follow up were older (Frail: 79 years vs.
Not-frail 77 years, p = 0.04), had a greater number of co-
morbidities (Frail: 3.3 vs. Not-frail: 2.1, p < 0.01) and the
majority sustained injury during a low-level fall (Frail:
76% vs. Not-frail: 50%, p = 0.03). There were no differ-
ences in re-admission rates between frail and not-frail
patients during the post-discharge period (Table 2).

At discharge, self-reported health related quality of life
(HRQoL) was similar between groups (VAS: Frail: 55.8
vs. Not-frail: 64.1, p = 0.137, Fig. 1A). Whereas at follow-
up, those who were not frail had improved, compared to
a deterioration from discharge baseline in frail patients
(VAS: Frail: 50 vs. Not-frail: 65.8, p < 0.01, Fig. 1B). The
percentage of those reporting poor quality of life (VAS
< 50) at discharge was comparable between groups
(Fig. 1C), but at follow up there was a two-fold increase
in poor HRQoL for frail patients (Frail: 65% vs. Not-frail:
30% p < 0.01, Fig. 1D). In multivariable regression the
presence of frailty (B-13.741 [95% CI -25.377, -2.105], p
= 0.02), increased age ( -1.064 [95% CI [-1.705, -0.423]
p =< 0.01) and non-home discharge (p -12.017 [95% CI
[118.403, 207.203], p = 0.04) were associated with a poor
quality of life at follow up (Table 3).

Table 2 Frail vs. Not-frail patients characteristics and outcomes

Frail (n= Not-frail p-value
21) (n=112)
Follow up completed by patient 10 (50%) 103 (92%)
Agen 79269 770(72) 004
Female 14 (67%)  55((49%) 0.5
n. co-morbiditiesA 33(1.5) 2101.3) <0.01
Fall<2m 16 (76%) 56 (50%) 0.03
Fall=2m 3(14%) 16 (14%) 0.99
Vehicular incident 1 (5%) 33 (29%) 0.01
Injury Severity Score~ 13(9-20) 13(9-17) 053
Critical care admission 1 (5%) 17 (15%) 030
Hospital LOS (days)~ 14 (2-20) 9 4-17) 0.95
Pre-injury residential status: 0.11
Own accommodation 18 (86%) 109 (97%)
Residential care 2 (10%) 3 (3%)
Warden controlled accommodation 1 (5%) 0 (0%)
Discharge to home 15(71%) 87 (78%) 0.57
Hospital re-admission 7 (33%) 22 (20%) 043
n. re-admissionsA 1.17(041) 1.50(0.83) 0.35

Amean (SD) or ~ median (interquartile range) unless otherwise stated. Frail =
Clinical Frailty Scale > 5 in hospital by ED or Geriatrician teams. LOS: Length of
Stay. p value indicates comparison between frail and not-frail patients
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At both discharge and follow up, frail patients reported
more problems of any severity in all EQ5D dimensions
except pain, compared to the not-frail cohort (Fig. 2A, B).
Both groups of older patients reported increased self-care
problems at follow up compared to discharge, but this
was significantly higher in those with frailty (Frail: 88%
vs. Not-frail: 55%, p = 0.01, Fig. 2B). Twice the proportion
of frail patients were anxious or depressed at follow up
compared to the not-frail group (Frail: 76% vs. Not-frail:
39%, p < 0.01, Fig. 2B). Although not significant, frail
patients were more dependent on care at follow-up (Frail:
45% vs. Not-frail: 29%, p = 0.191) and there was a five-
fold increase in requirements for state-funded or private
carers in those with frailty (Frail: 25% vs. Not-frail: 3.5%,
p <0.01, Fig. 3).

Discussion
This multi-site study examined survival and health
related quality of life at six months after injury in older
trauma patients with or without pre-injury frailty. Death
was strongly associated with frailty during the six-month
post discharge period. At six months, quality of life had
deteriorated from discharge baseline for frail survivors
but improved in those without frailty. Frail patients expe-
rienced more problems across all EQ-5D-5 L dimensions
except pain and there was a significant increase in state-
funded and private care provision associated with frailty.

Health related quality of life is an important outcome
for older patients after critical illness or injury [29]. At six
months post trauma frailty has been strongly associated
with adverse functional status [11] and reduced neurolog-
ical recovery [30]. Our frail trauma patients experienced
poor quality of life at this time-point. HRQoL is reported
to ‘recover’ by six months after hip fracture in the major-
ity of older people [31] and in our not-frail cohort we
observed an improvement in quality of life at this stage
post injury. However, this was not the case for those with
frailty, where HRQoL had significantly deteriorated from
the discharge baseline. The six-month HRQoL scores for
our frail cohort were worse than those of older trauma
patients in a recent study of longer-term recovery [32],
although our group were older on average (79 years com-
pared to 73 years). We found that frailty, increased age
and not being discharged to the usual place of residence
were associated with poor HRQoL at six-months. Iden-
tifying frail trauma patients during the in-hospital phase
of care and implementing frailty-specific pathways [33,
34] similar to those seen with hip-fracture populations
[31], may enable targeted discharge planning, community
rehabilitation and information to shape realistic expecta-
tions and prognostication [12, 35], none of which is stan-
dardardised UK trauma practice currently.

Self-care and anxiety and depression were the great-
est problems experienced at six-months post injury for
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Fig. 1 Self-rated health related quality of life (HRQoL). (A) Visual analogue scores (VAS) (Mean, Standard Deviation) at hospital discharge: Frail 55.8
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Table 3 Factors associated with Health Related QoL (Eq. 5D VAS)

at follow up
Beta 95% Confi- p-
coefficient dence Intervals val-
ue
Frail CFS > 5 based on in- -13.741 [-25.377,-2.105]  0.02
hospital score
Age -1.064 [-1.705,-0.423] <
0.01
Sex (Female = ref) -5.083 [-14518,4.351] 029
Number of comorbidities -0.608 [-4.487,3.272] 0.76
Mechanism of injury (Oth-
ers = ref)
Fall<2m 3.237 12402,18.876] 0.68

Fallfrom =2 m
Critical care admission

Length of stay in Major
Trauma Centre

1.304 13.260, 15.867]  0.86

-
3.010 [-13.845,19.865] 0.72
-
0.182 [-0.242, 0.606] 040

Transfer to other care (Dis- -12.017 [-23.232,-0.802] 0.04

charge to home = ref)

Intercept 162.803 [118.403, <
207.203] 0.01

R-squared = 0.194. Injury severity was removed from the final model due to
missing data and a further analysis using maximum likelihood method: p=0.392

frail patients. Injury in older people can lead to a pro-
cess of activity restrictions and isolation which nega-
tively influences psychological quality of life [36]. The
effects of frailty can also adversely affect engagement in
usual activities [37, 38] which may also impact on mood
and mental health. In hip fracture populations frailty on
admission has been reported as a strong prognostic fac-
tor for depressive symptoms up to a year after injury [39].
Whilst frailty is a chronic state of low physiologic reserve,
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the effects of an acute event such as trauma may enhance
progression in frail status [40] increasingly impairing
psychological and physical quality of life. Post-discharge
recovery programmes for older frail patients following
acute hospital episodes have reported improvements
in longer-term HRQoL [41], with major benefits for the
self-care and usual activities dimensions within Eq. 5D
[42]. Frailty-led targeted discharge planning and special-
ist community support may help to avoid or improve the
problems reported by our frail trauma patients [43].

Frail patients had increased formal care needs at home
similar to that of a larger trauma study where frailty led
to discharge ‘home with health care’ [44]. Frailty is asso-
ciated with increasing health and social care costs [45]
and many older people have a strong preference for liv-
ing as independently as possible with support within
their own homes [46]. The challenge is identifying which
community-based interventions are clinically and cost
effective for frail older people [47], to support those liv-
ing at home in improving or maintaining quality of life
after significant injury.

Limitations

This study has a number of limitations. Firstly, the pro-
portion of frail patients alive and available for follow up
in the longer term was small. There were no site-specific
differences to account for the loss to follow-up, but it
may be that some patients chose not to respond as they
did not wish to be reminded of their traumatic event
and hospitalisation. However, in those we could follow-
up we believe that these findings provide a baseline for
a larger scale investigation of quality of life and recovery
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Fig. 2 Percentage of reported problems in EQ-5D-5 L dimensions for frail and not-frail patients at (A) Discharge. Mobility: Frail 95% vs. Not-frail 64%, p <
0.01, Self-care: Frail 63% vs. Not-frail 35%, p = 0.03, Usual activities: Frail 84% vs. Not-frail 53%, p = 0.01, Pain: Frail 79% vs. Not-frail 64%, p = 0.299, Anxiety/
depression: Frail 74% vs. Not-frail 48%, p = 0.04. (B) Follow-up. Mobility: Frail 88% vs. Not-frail 78%, p = 0.511, Self-care: Frail 88% vs. Not-frail 55%, p = 0.01,
Usual activities: Frail 94% vs. Not-frail 79%, p = 0.189, Pain: Frail 76% vs. Not-frail 76%, p = 0.999, Anxiety/depression: Frail 76% vs. Not-frail 39%, p < 0.01.

(Chi squared tests)
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Fig. 3 Care needs at follow up for frail and not-frail patients. ** NHS/private carers frail: 25% vs. not-frail: 4%, p < 0.01. (Fishers exact test)

in frail older trauma survivors. Secondly, we only used
EQ-5D-5 L to measure and assess HRQoL. EQ-5D-5 L
is a patient-reported outcome measure which assesses
health status or HRQoL at specific points in time, which
we were able to do, compared to population norms,
which we were not. It may however be challenging to
make comparisons between general population norms
and older frail populations [48]. Despite this limitation,
EQ-5D-5 L is a patient reported outcome measure rec-
ommended for used in older people [49] and recently
identified as suitable for further validation with acute
older frail populations [50]. Finally, we measured longer
term HRQoL and outcome at six months post injury,
whereas other trauma studies have followed up patients
at time-points between three months and two-three
years. We acknowledge that HRQoL may have improved
for patients after the six-month period but given the
deterioration seen in the frail group, it may also have
worsened. Optimal time to measure HRQoL lacks con-
sensus however a recent study of trauma patients aged =
65 years showed no improvement in EQ5D-5 L HRQoL
after six months post injury [32].

Conclusion

Despite considerable loss to follow up, frailty in older
trauma patients was statistically associated with post-
discharge mortality, and in survivors, worse HRQoL and
more physical and psychological problems at six months
after injury. If frailty is a predictor of poor longer-term
HRQoL, specialist pathways should be integral to trauma
discharge planning for older patients, in order to set

realistic goals and optimize the quality of post-discharge
recovery.
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