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Abstract

Background: There is limited evidence to understand what impact, if any, recovery services might have for patients

across the socioeconomic spectrum after critical illness. We analysed data from a multicentre critical care recovery

programme to understand the impact of this programme across the socioeconomic spectrum.

Methods: The setting for this pre-planned secondary analysis was a critical care rehabilitation programmedIntensive

Care Syndrome: Promoting Independence and Return to Employment. Data were collected from five hospital sites

running this programme. We utilised a Bayesian approach to analysis and explore any possible effect of the InS:PIRE

intervention on Health-Related Quality of Life (HRQoL) across the socioeconomic gradient. A Bayesian quantile, non-

linear mixed effects regression model, using a compound symmetry covariance structure, accounting for multiple

timepoints was utilised. The Scottish Index of Multiple Deprivation (SIMD) was used to measure socioeconomic status

and HRQoL was measured using the EQ-5D-5L.

Results: In the initial baseline cohort of 182 patients, 55% of patients were male, the median age was 58 yr (inter-quartile

range: 50e66 yr) and 129 (79%) patients had two or more comorbidities at ICU admission. Using the neutral prior, there

was an overall probability of intervention benefit of 100% (b¼0.71, 95% credible interval: 0.34e1.09) over 12 months to

those in the SIMD�3 cohort, and an 98.6% (b¼�1.38, 95% credible interval: �2.62 to �0.16) probability of greater benefit

(i.e. a steeper increase in improvement) at 12 months in the SIMD�3 vs SIMD�4 cohort in the EQ-visual analogue scale.

Conclusions: Using multicentre data, this re-analysis suggests, but does not prove, that an integrated health and social

care intervention is likely to improve outcomes across the socioeconomic gradient after critical illness, with a potentially

greater benefit for those from deprived communities. Future research designed to prospectively analyse how critical care

recovery programmes could potentially improve outcomes across the socioeconomic gradient is warranted.
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The number of patients surviving an admission to critical care

is increasing.1 However, this survivorship is often associated

with challenges.2 After hospital discharge, as many as 60% of

survivors can experience physical, social, emotional, and

cognitive issues, which can impact their ability to return to, or

fully re-integrate with activities.3 These problems can have a

profound impact on society and healthcare systems; >30% of

patients require a readmission to hospital within 90 days of

hospital discharge and >50% of those employed before

admission do not return to work in the year after hospital

discharge.4,5

In response to these issues, a number of initiatives have

been tested and implemented internationally.6 Although there

is a lack of empirical data to demonstrate the benefit of these

services, recent evidence suggests almost three-quarters of

hospitals in the UK provide recovery care for survivors of

critical illness in the post-hospital discharge period.7,8

Socioeconomic differences in outcomes after acute and

critical illness are common.9 Outpatient critical care recovery

programmes might narrow these differences by benefiting

those most in need by facilitating access to social care pro-

viders and support.10 Alternatively, recovery programmes

might exacerbate disparities if individuals with more re-

sources can take greater advantage of what the programmes

provide. However, there is limited evidence to understand

what impact if any, recovery services might have for patients

across the socioeconomic spectrum after critical illness.

Given the increasing interest in interventions to correct

socioeconomic disparities, we analysed data from a critical

care recovery programme to establish the range of credible

probabilities that this programme narrowed disparities in

outcomes. Specifically, we utilised a Bayesian approach to

explore any possible effect of a predefined recovery interven-

tion across the socioeconomic gradient, with the integration of

prior knowledge in relation to critical care outcomes.
Methods

Ethical approval

This prospective study, which was a pre-planned secondary

analysis, was approved by the Liverpool Central Research

Ethics Committee (17/NM/0199) (Intensive Care Syndrome:

Promoting Independence and Return to Employment

[InS:PIRE] a multicentre study on 14 February 2017). All pro-

cedures were followed in accordance with institutional ethical

standards of the responsible committee on human experi-

mentation and with the Helsinki Declaration of 1975. All par-

ticipants provided written informed consent.
Intervention

The setting for this analysis was a critical care rehabilitation

programme. Details of this programme (InS:PIRE) have been

published previously.11,12 Briefly, InS:PIRE was an integrated

health and social care recovery programme, co-designed by

patients and caregivers. In the context of this research, pa-

tients took part over 5 weeks and had access to a health and

social care team, with emphasis onwelfare support and return

to employment advice. This advice was provided by specialists

from in-hospital financial inclusion services or external com-

munity organisations. Patients received a blend of individual

and group sessions. In addition, all patients received individ-

ual reviews with an ICU nurse and doctor, pharmacist, and
physiotherapist. These individual appointments offered a

debrief of the ICU stay, an assessment of ongoing problems,

goal-setting, and patient-directed management plans. Occu-

pational therapy, alongside clinical psychology services were

also available. Peer support was embedded throughout

InS:PIRE with the use of shared waiting areas and group ses-

sions. Patient and caregiver volunteers further along the re-

covery trajectory were also in attendance and provided peer

support. Family members also had access to these services.

Patients were invited between 4 and 12weeks after hospital

discharge. The inclusion criteria were any patient receiving

level three care (multiple organ support, invasive respiratory

support, or both), or >7 days of level two care (single organ or

postoperative care). Exclusion criteria were those patientswho

were terminally ill, patients who had suffered a traumatic

brain injury, or those patients currently being cared for by

inpatient psychiatric services. Data were collected from five

hospital sites in Scotland, UK.

Participants’ data were collected at three timepoints: initial

admission to InS:PIRE (between 4 and 12 weeks after hospital

discharge), 3 months post InS:PIRE attendance, and at a 12-

month follow-up visit.
Data collection

In-hospital clinical data including severity of illness and ICU

course were collected for all patients. This included data on

pre-existing health status. Critical care length of stay was

taken from the highest level of care during the critical care

admission. Multimorbidity was classified as the presence of

two or more comorbidities.

Socioeconomic status was evaluated with the Scottish In-

dex of Multiple Deprivation (SIMD). The SIMD is a Scottish

Government ranking index based on postcode of residence

which identifies neighbourhood socioeconomic deprivation.13

We undertook two distinct analyses using the SIMD. The first

analysis (dichotomised analysis) created two study cohorts from

the decile classification (predefined classification created by

the Scottish Government) of the SIMD; SIMD�3 (socioeconomi-

cally deprived cohort) and SIMD�4 (non-socioeconomically deprived

cohort), dichotomised by median SIMD. This approach, which

has been utilised previously, was chosen in preference to a

continuous measure to focus attention on our primary objec-

tivedexamining socioeconomic disparities in outcomes.14 The

second sensitivity analysis (quintile analysis) analysed the

predefined quintile SIMD categories (predefined classification

created by the Scottish Government) to examine socioeco-

nomic status; quintile one represented the most deprived and

quintile five the least. This approach has also been utilised in

previous research.12

Health-Related Quality of Life (HRQoL) was measured using

the EQ-5D-5L. This EQ-5D-5L generates two summary mea-

sures; the health utility score (EQ-HUS) summarises five health

and functional domains with a summary score; the EQ-visual

analogue scale (EQ-VAS) records self-rated health using a

continuous scale from 0 (worst health) to 100 (best health).15
Statistical analysis

This manuscript was prepared according to the Reporting of

Bayes Used in Clinical Studies (ROBUST) guideline (S1 in Sup-

plementary material).16 We utilised a Bayesian approach to

analysis to explore any possible effect of the InS:PIRE inter-

vention across the socioeconomic gradient, with the



Table 1 Application of priors to this analysis, including information on the defining evidence. CrI, credible interval; HUS, health utility score; SD, standard deviation; SIMD, Scottish Index
of Multiple Deprivation; VAS, visual analogue scale. *All other priors and adjustors are set to be neutral for all analyses. yAll priors followed a normal distribution.

VAS HUS Strength of evidence related to
the priors

Distributional
parametersy

Results

Pessimistic* SIMD�3: we do not know if the
recovery programme makes a
clinically meaningful difference
on outcomes (measured via the
EQ-5D-5L VAS).

SIMD�4: over the 12-month
recovery trajectory, we believe
that this group will have a
clinically meaningful
improvement (8 points) in the
VAS component of the EQ-5D.

Evidence: an 8 point change in the
VAS component of the EQ-5D-
5L has been shown to be
clinically meaningful in
previous studies.17

SIMD�3: we do not know if the
recovery programme makes a
clinically meaningful difference
on outcomes (measured via the
EQ-5D-5L HUS).

SIMD�4: over the 12-month
recovery trajectory, we believe
that this group will have a
clinically meaningful
improvement (0.08) in the HUS
component of the EQ-5D.

Evidence: a 0.08 change in the
HUS component of the EQ-5D-
5L has been shown to be
clinically meaningful in
previous studies.17

Weak/moderate: evidence
suggests differences in
outcomes across the
socioeconomic gradient in
those recovering from critical
illness.18 Thus, we hypothesise
the intervention could have a
smaller effect on those from
SIMD�3.

VAS: mean¼8
SD¼8
HUS: mean¼0.08
SD¼0.08

VAS: overall probability of benefit of
99.9% (b¼0.60, 95% CrI: 0.22e0.97)

HUS: overall probability of benefit of
96.2% (b¼0.004, 95% CrI: �0.0004 to
0.008)

Neutral* SIMD�3: we do not know if the
recovery programme makes a
clinically meaningful difference
on outcomes (measured via the
EQ-5D-5L VAS).

SIMD�4: we do not know if the
recovery programme makes a
clinically meaningful difference
on outcomes (measured via the
EQ-5D-5L VAS).

SIMD�3: we do not know if the
recovery programme makes a
clinically meaningful difference
on outcomes (measured via the
EQ-5D-5L HUS).

SIMD�4: we do not know if the
recovery programme makes a
clinically meaningful difference
on outcomes (measured via the
EQ-5D-5L HUS).

Moderate: a recent Cochrane
review demonstrated that ICU
recovery programmes show
limited benefit to any patient
group.7 Therefore, we have no
prior evidence that this
programme would make a
meaningful clinical difference.

VAS: mean¼0
SD¼ 8
HUS: mean¼0
SD¼0.08

VAS: overall probability of benefit of
100% (b¼0.71, 95% CrI: 0.34e1.09)

HUS: overall probability of benefit of
99.0% (b¼0.005, 95% CrI: 0.00e0.01)

Optimistic* SIMD�3: over the 12-month
recovery trajectory, we believe
that this group will have a
clinically meaningful
improvement (8 points) in the
VAS component of the EQ-5D-
5L.

SIMD�4: we do not know if the
recovery programme makes a
clinically meaningful difference
on outcome in this group
(measured via the EQ-5D-5L
VAS).

SIMD�3: over the 12 months
recovery trajectory, we believe
that this group will have a
clinically meaningful
improvement (0.08) in the HUS
component of the EQ-5D-5L.

SIMD�4: we do not know if the
recovery programme makes a
clinically meaningful difference
on outcomes (measured via the
EQ-5D-5L HUS).

Weak/moderate: The programme
delivered an integrated model
of health and social care,
supporting welfare benefit
access, return to employment,
and mental health.10 These
problems are more prevalent in
those from deprived
communities, thus the
programme might benefit the
SIMD�3 cohort more.

VAS: mean¼�8
SD¼ 8
HUS: mean¼�0.08
SD¼0.08

VAS: overall probability of benefit of
100% (b¼0.83, 95% CrI: 0.45e1.20)

HUS: overall probability of benefit of
99.9% (b¼0.006, 95% CrI: 0.002e0.01)
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Table 2 Patient characteristics and demographics across the
duration of the intervention. APACHE, Acute and Chronic
Health Evaluation; ICU, intensive care unit; IQR, inter-quartile
range; LOS, length of stay; RRT, renal replacement therapy;
SIMD, Scottish Index of Multiple Deprivation. * Multimorbidity
was classified as two or more comorbidities.

Characteristic Baseline,
N¼182

3 months,
N¼134

12 months,
N¼127

Age (yr), median (IQR) 58 (50e66) 59 (50e67) 59 (51e67)
Gender, n (%)
Female 82 (45) 59 (44) 56 (44)
Male 100 (55) 75 (56) 71 (56)
ICU LOS (days), median
(IQR)

11 (7e18) 11 (7e19) 11 (7e17)

Hospital LOS (days),
median (IQR)

30 (16e50) 31 (16e49) 30 (16e48)

Unknown 2 2 1
APACHE II score,
median (IQR)

20 (15e25) 20 (15e25) 20 (15e25)

Unknown 2 1 0
Dichotomised SIMD, n (%)
1e3 100 (55) 68 (51) 66 (52)
4e10 82 (45) 66 (49) 61 (48)
SIMD (quintile), n (%)
1 76 (42) 51 (38) 44 (35)
2 42 (23) 30 (22) 33 (26)
3 30 (16) 21 (16) 20 (16)
4 19 (10) 16 (12) 14 (11)
5 15 (8.2) 16 (12) 16 (13)
*Multimorbidity, n (%) 129 (71) 91 (68) 80 (63)
Ventilation, n (%) 160 (88) 120 (90) 113 (89)
RRT, n (%) 41 (23) 26 (19) 28 (22)
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integration of prior knowledge in relation to ICU outcomes.

This integration of prior knowledge is not possible within a

standard frequentist approach. Moreover, the integration of

this prior knowledge enables researchers to undertake

exploratory analyses seeking to understand outcomes where

the sample size was not calculated a priori.

A Bayesian median, non-linear mixed effects regression

model, using a compound symmetry covariance structure,

accounting for multiple timepoints, was utilised. We did not

utilise multiple imputation techniques as the mixed effects

nature of this modelling approach allows non-balanced de-

signs, including designs with missing data, to be analysed

accurately. To generate the probability of the intervention

benefit, we calculated the rate of instantaneous change of the

outcome by using expected marginalised means at 12 months

after hospital discharge. A natural cubic spline was used to

ensure a smooth non-linear transition over the three time-

points included. Models were adjusted for age, gender, Acute

Physiology and Chronic Health Evaluation (APACHE) II score,
Table 3 Breakdown of Health-Related Quality of Life (HRQoL) outcome
utility score; IQR, inter-quartile range; SIMD, Scottish Index of Multi

Group Characteristic Baseli

SIMD (1e3) EQ-5D HUS, median (IQR) 0.52 (0
EQ-5D VAS, median (IQR) 50 (35e

SIMD (4e10) EQ-5D HUS, median (IQR) 0.62 (0
EQ-5D VAS, median (IQR) 62 (49e
and SIMD. All methodology was similar between the two an-

alyses, except for using the dichotomised SIMD vs the pre-

defined quintile categories of the SIMD in the sensitivity

analysis.

In keepingwith the Bayesianmethodology, we considered a

range of possible beliefs using optimistic, neutral, and pessi-

mistic priors.7,10,17,18 Details of these priors, evidence that

influenced beliefs and distributional parameters are detailed in

Table 1. Posteriors were summarised with median point esti-

mates and highest posterior density 95% credible intervals

(CrI). Theproportionof theposterior distribution,withaneffect

<0 (Pr[b<0]), is the probability of benefit. The Bayes factor es-

timates the relative change between the prior and posterior

distributions, with positive numbers denoting relative change

to the alternativehypothesis. To allow for adequate coverage of

the Bayes factor analysis, we generated each of the models

(pessimistic, optimistic, and neutral) using 40 000 iterations.

Analyses were conducted using R (version 4.3.1; R Foundation

for Statistical Computing, Vienna, Austria) with Stan (CmdStan

version 2.33.1, BRMS package) and emmeans (version 1.8.9).
Results

In total, 253 patients attended InS:PIRE from the five sites

included in this analysis, with 206 patients consenting to

participation. We only included patients who had completed

both ED-5D-5L (both HUS and VAS) at all three timepoints. As

such, 182 patients were included at baseline; 134 (73.6%)

completed outcomes measures at 3 months and 127 (69.8%) at

12 months.

In the initial baseline cohort, 100 (55%) patients were male,

the median age was 58 yr (inter-quartile range [IQR]: 50e66 yr)

and 129 (79%) patients had two or more comorbidities at ICU

admission. The median APACHE II of the cohort was 20 (IQR:

15e25) and the median ICU length of stay was 11 (IQR: 7e18)

days. During the critical care stay, 160 (88%) patients required

mechanical ventilation and 41 (23%) patients required renal

replacement therapy. A detailed breakdown of the entire study

cohort is provided in Table 2. Table 3 provides granular data on

HRQoL outcomes at each of the three study timepoints

included.
Dichotomised analysis

The dichotomised analysis created two study cohorts, SIMD�3

(socioeconomically deprived cohort) and SIMD�4 (non-socioeco-

nomically deprived cohort), dichotomised by median SIMD. In

total, 100 (55%) patients formed the SIMD�3 cohort and 82

patients formed the SIMD�4.

Using the neutral prior, there was an overall probability of

intervention benefit of 100% (b¼0.71, 95% CrI: 0.34e1.09) over

12 months to those in the SIMD�3 (socioeconomically deprived)
s at each study timepoint, stratified by study cohort. HUS, health
ple Deprivation; VAS, visual analogue scale.

ne 3 Months 12 Months

.14e0.66) 0.55 (0.29e0.70) 0.63 (0.32e0.76)
70) 58 (40e75) 65 (50e84)
.43e0.73) 0.67 (0.55e0.79) 0.67 (0.55e0.84)
75) 75 (60e85) 70 (55e90)
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Fig 1. Output of modelling utilising the neutal prior approach. (a) Prior-posterior density plot of EQ-5D-5L VAS trend per month. The

neutral prior distribution, which followed a normal distribution with a mean of 0 and standard deviation of 0.08 (the clinically meaningful

difference derived from the EQ-5D-5L VAS), is denoted in orange; the posterior distribution is shown in blue. The Bayes factor estimates

the relative change between the prior and posterior distributions. (b) Prior-posterior density plot of EQ-5D-5L HUS trend per month. The

neutral prior distribution, which followed a normal distribution with a mean of 0 and standard deviation of 8 (the clinically meaningful

difference derived from the EQ-5D-5L HUS), is denoted in orange; the posterior distribution is shown in blue. The Bayes factor estimates

the relative change between the prior and posterior distributions. (c) EQ-5D-5L VAS over time in months. b estimate of the difference in EQ-

5D-5L VAS trend per month given with 95% credible intervals, and the probability of intervention benefit, Pr(b<0), indicating the likelihood

of a significant difference estimate. (d) EQ-5D-5L HUS over time in months. b estimate of the difference in EQ-5D-5L HUS trend per month

given with 95% credible intervals, and the probability of intervention benefit, Pr(b<0), indicating the likelihood of a significant difference

estimate. CrI, credible interval; HUS, health utility score; SIMD, Scottish Index of Multiple Deprivation; VAS, visual analogue scale.

Socioeconomic disparities and critical care outcomes - 5
cohort, and a 98.6% (b¼�1.38, 95% CrI: �2.62 to �0.16) proba-

bility of greater benefit (i.e. a steeper increase in improvement)

at 12 months in the SIMD�3 vs SIMD�4 cohort in the EQ-VAS.

Based on the same neutral prior and considering the EQ-

HUS, there was an overall probability of intervention benefit

of 99.0% (b¼ 0.005, 95% CrI: 0.00e0.01) over 12 months to those

in SIMD�3 (socioeconomically deprived) cohort and an 93.1%

(b¼�0.01, 95% CrI: �0.02 to 0.00) probability of greater benefit

at 12 months in the SIMD�3 vs SIMD�4 cohort (Fig 1).

Consistent results were shown for pessimistic and optimistic

priors (Table 1 and S2 in Supplementary material).
Quintile analysis

The quintile analysis used the five predefined SIMD categories

to examine the impact of InS:PIRE across the socioeconomic

gradient; quintile one represented the most deprived

geographical areas and quintile five, the least.

Using the neutral prior, there was an overall probability of

intervention benefit of 99.9% (b¼0.66, 95% CrI: 0.28e1.03) over

12 months to those in the SIMD 1 (most deprived) cohort and

99.9% (b¼1.16, 95% CrI: 0.51e1.83) in those in SIMD 5 (least

deprived) cohort in the EQ-VAS. There was a 94.2% (b¼�1.48,
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95% CrI: �3.36 to 0.37) probability of greater benefit (i.e. a

steeper increase in improvement) at 12 months in the SIMD 1

vs SIMD 5 cohorts, again based on the EQ-VAS.

Based on the same neutral prior and considering the EQ-

HUS, there was an overall probability of intervention benefit

of 98.1% (b¼�0.00, 95% CrI: 0.00e0.01) over 12 months to those

in the SIMD 1 (most deprived) cohort and 99.1% (b¼0.01, 95% CrI:

0.00e0.02) in the SIMD 5 cohort. There was an 86.7% (b¼�0.01,

95% CrI: �0.03 to 0.01) probability of greater benefit (i.e. a

steeper increase in improvement) at 12 months in the SIMD 1

vs SIMD 5 cohorts, based on the EQ-HUS. Consistent results

were shown for pessimistic and optimistic priors (Table 1 and

S3 in Supplementary material). S3 in Supplementary material

also provides a full analysis of the intervention benefit across

the SIMD quintiles, from a neutral, optimistic, and pessimistic

perspective for both the EQ-VAS and the EQ-HUS.
Discussion

Using multicentre data, this re-analysis suggests, but does not

prove, that an integrated health and social care intervention is

likely to improve outcomes across the socioeconomic gradient

after critical illness, with a potentially greater benefit for those

from deprived communities. These findings suggest that

research designed to prospectively analyse how critical care

recovery programmes could potentially improve outcomes

across the socioeconomic gradient is warranted.

Patients can experience a wide range of issues after

intensive care; these include social and welfare issues such as

reduced employment and income and the need for changes to

housing and ways of living.19,20 The intervention delivered in

this study specifically targeted some of these issues and sup-

ported patients to navigate the fractured welfare and social

care system. This study did not have a control arm because of

data availability. As such, it is important to highlight that this

study was not intended to provide definitive answers about

whether such an intervention is effective in reducing health

disparities. Instead, it provides evidence that the integration of

health and social care in the post-ICU discharge period ap-

pears feasible with potentially meaningful utility for those in

need. Future research should prospectively assess the effec-

tiveness of such an integrated approach.

The findings of this research also demonstrate differences

in the recovery trajectory after critical illness for different

socioeconomic groups. Recent evidence has also suggested

that those with multimorbidity are more likely to benefit from

complex interventions after hospital discharge and that there

may be different ‘responses’ to critical care rehabilitation

programmes across diverse cohorts.21,22 There is limited evi-

dence to demonstrate the effectiveness of critical care reha-

bilitation programmes and follow-up service. This work,

alongside other evidence, would suggest that a deeper un-

derstanding is needed of the potentially different clinical

phenotypes of critical illness recovery. These details could be

used to design more targeted interventions, including the

optimal dose and duration of rehabilitation, for survivors of

critical illness.

Although these data represent patients from a single

healthcare system, the likelihood is that patients from other

healthcare systems, including those which are insurance-

based, are also likely to benefit from such input. Data from

the USA has demonstrated that survivors of acute respiratory

distress syndrome (ARDS) frequently encounter ‘financial

toxicity’ in the months after hospital discharge, much of
which is driven by challenging insurance coverage.23 More-

over, qualitative data from international COVID-19 recovery

settings has recognised the need for social intervention in this

setting.24 As such, this type of integrated care in the post-

hospital discharge period is likely to require adaptation

across international settings but should continue to provide

patient benefit.

Strengths of this research include its multicentre approach

and its robust integration of prior clinical knowledge and ev-

idence. However, there are limitations. Most notably, this

research was not powered to detect differences in socioeco-

nomic outcomes. Moreover, although the take-up of this pro-

gramme on which the analysis was based is similar to other

research in this field, <50% of patients invited to the pro-

gramme attended, limiting the interpretation of our results.11

As such, these findings should be interpreted with caution and

be used in the context of hypothesis generating. Further, the

measured intervention benefit includes both the intervention-

specific benefits and those that may have occurred in the

absence of the intervention (e.g. in an untreated arm, had one

been available). As such, other factors which we did not ac-

count for, such as the presence of social support and other

services, may have contributed to the findings. Moreover,

these findings represent data from a single healthcare system.

Future investigation is required to understand if similar re-

sults are present internationally and in other healthcare sys-

tems. Finally, the diversity of our cohort is limited, especially

from an ethnicity perspective. We have considered in-

equalities through a social lens, when in reality, inequalities

are highly complex. Future research should examine if similar

programmes can influence those people from other minori-

tised and disadvantaged groups.
Conclusion

More research is required to optimise outcomes for those

recovering from critical illness. Targeting interventions for

those residing in areas of deprivation, using an integrated

model of health and social care may provide benefit across the

socioeconomic gradient. More research is required to fully

understand the impact of critical care recovery services and

how they can be implemented to support all cohorts of

patients.
Authors’ contributions

Full access to all study data and take responsibility for the

integrity of the data analysis: JM, MS

Conceptualised and designed the study: JM, TIJ, MS

Contributed to the analysis, interpretation, or both of the data:

all authors

Drafted the original manuscript: JM, MS

Critically revised the manuscript for important intellectual

content: all authors
Declarations of interest

The authors declare that they have no conflicts of interest.
Data sharing

A de-identified dataset and the study protocol may be made

available to researchers with a methodologically sound pro-

posal, to achieve the aims described in the approved proposal.



Socioeconomic disparities and critical care outcomes - 7
Data will be available upon request following article publica-

tion. Requests for data should be directed at jm2565@medschl.

cam.ac.uk to gain access.
Ethics approval and consent to participate

All participants provided written informed consent. Ethical

approval was granted by the Northwest (Liverpool Central)

Research Ethics Committee (reference number: 17/NM/0199).
Funding

An award from the Health Foundation (173544) and a The

Healthcare Improvement Studies Institute (University of

Cambridge) Fellowship (307748e01/PD-2019-02-16).
Appendix A. Supplementary data

Supplementary data to this article can be found online at

https://doi.org/10.1016/j.bjao.2024.100259.
References

1. Zimmerman JE, Kramer AA, Knaus WA. Changes in hos-

pital mortality for United States intensive care unit ad-

missions from 1988 to 2012. Crit Care 2013; 17: R81

2. Mikkelsen ME, Still M, Anderson BJ, et al. Society of critical

care medicine’s international consensus conference on

prediction and identification of long-term impairments

after critical illness. Crit Care Med 2020; 48: 1670e9

3. Marra A, Pandharipande PP, Girard TD, et al. Co-occur-

rence of post-intensive care syndrome problems among

406 survivors of critical illness. Crit Care Med 2018; 46:

1393e401

4. McPeake J, Mikkelsen ME, Quasim T, et al. Return to

employment after critical illness and its association with

psychosocial outcomes. A systematic review and meta-

analysis. Ann Am Thorac Soc 2019; 16: 1304e11

5. McPeake J, Bateson M, Christie F, et al. Hospital re-

admission after critical care survival: a systematic re-

view and meta-analysis. Anaesthesia 2022; 77: 475e85

6. McPeake J, Boehm LM, Hibbert E, et al. Key components of

ICU recovery programs: what did patients report provided

benefit? Crit Care Explor 2020; 2: e0088

7. Schofield-Robinson OJ, Lewis SR, Smith AF, McPeake J,

Alderson P. Follow-up services for improving long-term

outcomes in intensive care unit (ICU) survivors. Cochrane

Database Syst Rev 2018; 11: CD012701

8. Connolly B, Milton-Cole R, Adams C, et al. Recovery,

rehabilitation and follow-up services following critical

illness: an updated UK national cross-sectional survey

and progress report. BMJ Open 2021; 11, e052214

9. Dawson LP, Andrew E, Nehme Z, et al. Association of so-

cioeconomic status with outcomes and care quality in

patients presenting with undifferentiated chest pain in

the setting of universal health care coverage. J Am Heart

Assoc 2022; 11, e024923

10. McPeake JM, Henderson P, Darroch G, et al. Social and

economic problems of ICU survivors identified by a struc-

tured social welfare consultation. Crit Care 2019; 23: 153
11. Henderson P, Quasim T, Shaw M, et al. Evaluation of a

health and social care programme to improve outcomes

following critical illness: a multicentre study. Thorax 2023;

78: 160e8

12. McPeake J, Henderson P, MacTavish P, et al. A multicentre

evaluation exploring the impact of an integrated health

and social care intervention for the caregivers of ICU

survivors. Crit Care 2022; 26: 152

13. Scottish Government. Scottish index of multiple deprivation.

Available from: 2020. https://www.gov.scot/collections/

scottish-index-of-multiple-deprivation-2020/. [Accessed

19 January 2024]

14. Gillis KA, Lees JS, Ralston MR, et al. Interaction between

socioeconomic deprivation and likelihood of pre-emptive

transplantation: influence of competing risks and

referral characteristics e a retrospective study. Transpl Int

2019; 32: 153e62

15. EuroQol Research Foundation. EQ-5D-5L user guide.

Version 3. 2021. Available from: https://euroqol.org/

publiations/user-guides. [Accessed 21 February 2022]

16. Sung L, Hayden J, Greenberg ML, Koren G, Feldman BM,

Tomlinson GA. Seven items were identified for inclusion

when reporting a Bayesian analysis of a clinical study.

J Clin Epidemiol 2005; 58: 261e8

17. Vainiola T, Pettil€a V, Roine RP, R€as€anen P, Rissanen AM,

Sintonen H. Comparison of two utility instruments, the

EQ-5D and the 15D, in the critical care setting. Intensive

Care Med 2010; 36: 2090e3

18. Falvey JR, Cohen AB, O’Leary JR, Leo-Summers L,

Murphy TE, Ferrante LE. Association of social isolation

with disability burden and 1-year mortality among older

adults with critical illness. JAMA Intern Med 2021; 181:

1433e9

19. McPeake J, Boehm L, Hibbert E, et al. Modification of social

determinants of health by critical illness and conse-

quences of that modification for recovery: an interna-

tional qualitative study. BMJ Open 2022; 12, e060454

20. Admon AJ, Iwashyna TJ, Kamphuis LA, et al. Assessment

of symptom, disability, and financial trajectories in pa-

tients hospitalized for COVID-19 at 6 months. JAMA Netw

Open 2023; 6, e2255795

21. Jones JRA, Karahalios A, Puthucheary ZA, et al. Respon-

siveness of critically ill adults with multimorbidity to

rehabilitation interventions: a patient-level meta-analysis

using individual pooled data from four randomized trials.

Crit Care Med 2023; 51: 1373e85

22. McPeake J, Quasim T, Henderson P, et al. Multimorbidity

and its relationship with long-term outcomes after critical

care discharge: a prospective cohort study. Chest 2021;

160: 1681e92

23. Hauschildt KE, Seigworth C, Kamphuis LA, et al. Financial

toxicity after acute respiratory distress syndrome: a na-

tional qualitative cohort study. Crit Care Med 2020; 48:

1103e10

24. Eaton TL, Sevin CM, Hope AA, et al. Evolution in care de-

livery within critical illness recovery programs during the

COVID-19 pandemic: a qualitative study. Ann Am Thorac

Soc 2022; 19: 1900e6
Handling editor: Phil Hopkins

mailto:jm2565@medschl.cam.ac.uk
mailto:jm2565@medschl.cam.ac.uk
https://doi.org/10.1016/j.bjao.2024.100259
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref1
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref1
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref1
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref2
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref2
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref2
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref2
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref2
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref3
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref3
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref3
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref3
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref3
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref4
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref4
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref4
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref4
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref4
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref5
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref5
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref5
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref5
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref6
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref6
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref6
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref7
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref7
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref7
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref7
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref8
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref8
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref8
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref8
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref9
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref9
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref9
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref9
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref9
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref10
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref10
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref10
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref11
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref11
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref11
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref11
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref11
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref12
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref12
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref12
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref12
https://www.gov.scot/collections/scottish-index-of-multiple-deprivation-2020/
https://www.gov.scot/collections/scottish-index-of-multiple-deprivation-2020/
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref14
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref14
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref14
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref14
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref14
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref14
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref14
https://euroqol.org/publiations/user-guides
https://euroqol.org/publiations/user-guides
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref16
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref16
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref16
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref16
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref16
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref17
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref17
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref17
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref17
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref17
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref17
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref17
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref17
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref18
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref18
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref18
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref18
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref18
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref18
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref19
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref19
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref19
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref19
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref20
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref20
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref20
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref20
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref21
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref21
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref21
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref21
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref21
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref21
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref22
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref22
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref22
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref22
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref22
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref23
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref23
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref23
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref23
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref23
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref24
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref24
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref24
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref24
http://refhub.elsevier.com/S2772-6096(24)00003-0/sref24

	Could an integrated model of health and social care after critical illness reduce socioeconomic disparities in outcomes? A  ...
	Methods
	Ethical approval
	Intervention
	Data collection
	Statistical analysis

	Results
	Dichotomised analysis
	Quintile analysis

	Discussion
	Conclusion
	Authors’ contributions
	Declarations of interest
	Data sharing
	Ethics approval and consent to participate
	Funding
	Appendix A. Supplementary data
	References


