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Abstract

Background: Adults increasingly live and die with chronic progressive conditions into advanced age. Many live
with multimorbidity and an uncertain illness trajectory with points of marked decline, loss of function and increased
risk of end of life. Intermediate care units support mainly older adults in transition between hospital and home to
regain function and anticipate and plan for end of life. This study examined the patient characteristics and the
factors associated with mortality over 1 year post-admission to an intermediate care unit to inform priorities for
care.
Methods: A national cohort study of adults admitted to intermediate care units in England using linked individual-
level Hospital Episode Statistics and death registration data. The main outcome was mortality within 1 year from
admission. The cohort was examined as two groups with significant differences in mortality between main
diagnosis of a non-cancer condition and cancer. Data analysis used Kaplan-Meier curves to explore mortality
differences between the groups and a time-dependant Cox proportional hazards model to determine mortality risk
factors.
Results: The cohort comprised 76,704 adults with median age 81 years (IQR 70–88) admitted to 220 intermediate
care units over 1 year in 2016. Overall, 28.0% died within 1 year post-admission. Mortality varied by the main
diagnosis of cancer (total n = 3680, 70.8% died) and non-cancer condition (total n = 73,024, 25.8% died). Illness-
related factors had the highest adjusted hazard ratios [aHRs]. At 0–28 days post-admission, risks were highest for
non-cancer respiratory conditions (pneumonia (aHR 6.17 [95%CI 4.90–7.76]), chronic obstructive pulmonary disease
(aHR 5.01 [95% CI 3.78–6.62]), dementia (aHR 5.07 [95% CI 3.80–6.77]) and liver disease (aHR 9.75 [95% CI 6.50–14.6])
compared with musculoskeletal disorders. In cancer, lung cancer showed largest risk (aHR 1.20 [95%CI 1.04–1.39])
compared with cancer ‘other’. Risks increased with high multimorbidity for non-cancer (aHR 2.57 [95% CI 2.36–2.79])
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and cancer (aHR 2.59 [95% CI 2.13–3.15]) (reference: lowest).
Conclusions: One in four patients died within 1 year. Indicators for palliative care assessment are respiratory
conditions, dementia, liver disease, cancer and rising multimorbidity. The traditional emphasis on rehabilitation and
recovery in intermediate care units has changed with an ageing population and the need for greater integration of
palliative care.

Keywords: Intermediate care facilities, Health services for the aged, Subacute care, Geriatrics, Palliative care,
Mortality, Cohort studies

Background
Adults increasingly live and die with chronic pro-
gressive conditions into advanced age. The Lancet
Commission in 2017 identified living with chronic ill-
ness that compromises physical, social or emotional
function as a construct of serious health-related suf-
fering relieved by palliative care where quality of life
is the main goal of care [1]. Globally, the greatest
increase in serious health-related suffering is pro-
jected for people aged 70 years and over [2]. Living
into advanced age is often accompanied by multi-
morbidity and frailty and an uncertain illness trajec-
tory of gradual decline over many years into end of
life [3–5]. This trajectory is punctuated by points of
marked decline from an often seemingly minor
event, like an infection and risk of poor outcomes
including hospitalisation and death [4]. Unplanned
hospitalisations are common and rise with nearness
of end of life [6, 7]. This trajectory is well described,
but less understood are the priorities for high-quality
care for people to live as well as possible with
advancing age and chronic conditions [5].

Inpatient intermediate care units, such as a community
hospital or post-acute facility, are an important part of
the continuum of care to manage the care needs for
people with chronic progressive conditions. They care
increasingly for a mainly older population to provide
time-limited transitional care between different levels of
care and settings, for example, acute hospital and home.
Care focuses on supporting recovery and function
following points of decline with emphasis on compre-
hensive geriatric assessment, enablement and rehabilita-
tion [8, 9]. These units are generally small (� 30 beds)
[10] and provide subacute services tailored to the needs
of the local population with varying access to specialist ser-
vices such as a geriatrician, alongside the core staff [8, 9].
Patients and family carers describe these facilities positively
placing particular value on location close to home that
enables holistic and personalised care facilitated by multi-
disciplinary team working and support for difficult psycho-
logical transitions, for example, loss of independence with
disease progression [10]. Systematic review evidence

demonstrates that compared with acute hospital care,
patients and family carers in intermediate care units report
better experiences and care is cost-effective to support
post-acute recovery and rehabilitation [8, 11]. However, less
considered is risk of end of life and the need for care orien-
tated towards quality of life and comprehensive palliative
care assessment.

Orientating services to changing population needs and
identifying priorities to ensure high-quality care is best
informed by understanding care needs at a population-
level. However, there is a dearth of population-based evi-
dence on the characteristics of adults admitted to inter-
mediate care units and nearness of death and the
associated factors. Our review of evidence before this
study on mortality over 1 year post-admission to an
intermediate care unit (community hospital, post-acute
care or skilled nursing facility) identified twelve studies
[12–23] reporting approximately 661,751 participants
(Additional file D: Tables D1-D2). No studies considered
the total population at the national level or indicators
for care where quality of life is the main goal. Rather,
the studies reported discrete populations by a specific
disease(s), intervention or region to identify factors asso-
ciated with mortality, for example, physical function and
quality of care. This study aimed to examine the patient
cohort characteristics and factors associated with mor-
tality over 1 year post-admission to an intermediate care
unit in England. The findings intended to inform policy
and clinical priorities to deliver high-quality care for
people in transition between hospital and home and
requiring intermediate care.

Methods
Study design, data sources and participants
A national retrospective cohort study using linked data-
bases. These included National Health Service (NHS)
Hospital Episode Statistics (HES) linked at the
individual-level to the Office for National Statistics
(ONS) death registration data. Intermediate care units
were defined in the HES data as a community hospital
with inpatient beds in England. Data were extracted for
all adults admitted to an intermediate care unit, 01/01/
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2016 to 31/12/2016 as the most complete datasets. NHS
Digital supplied the HES data and ONS death registra-
tion records data linked by an individual anonymised
identifier to enable deterministic linkage [24]. HES data
details information about all patients admitted to NHS
hospitals in England [25]. It captures illnesses and
related conditions, with each electronic record contain-
ing up to 20 diagnosis fields coded according to Inter-
national Classification of Diseases, 10th edition (ICD-10)
[26]. The population cohort included adults (� 18 years)
admitted for � 1 nights to an eligible intermediate care
unit between 01/01/2016 and 31/12/2016, with 12-month
follow-up until end of 2017. Individuals were excluded
using outpatient (e.g. day case) or maternity facilities.
Reporting follows the STROBE guideline [27] and the REC-
ORD [28] extension for routine data (Additional file A:
Table A1).

Procedures
The vital status (alive or dead) of the cohort was identi-
fied from the linked mortality data for date of death over
the 12 months from the first admission (the index
admission) to an intermediate care unit. Patients where
a linked death record was not identified were assumed
to have survived. HES data on hospital admission were
aggregated into a patient “spell” in a single hospital. Each
spell encompassed all episodes of care reported in the
identified intermediate care unit to confirm the admis-
sion and discharge dates. Discharge included to usual
residence, transfer to another medical facility or death.

All intermediate care units in England in the HES data
were reviewed to identify those with inpatient facilities
and reported admissions of � 1 night in 2016. But identi-
fying the facilities was convoluted. These facilities are
not automatically differentiated in the HES database.
Initially, facilities were identified from the names and
postcodes from the Community Hospital Association
(CHA), UK database [29] and each postcode checked
with the respective facility website. Each confirmed post-
code was mapped to the NHS site code in the NHS
Trust Site database [30] and each site code then checked
in the NHS successor archive database [31] to remove
facilities that closed in 2016.

Main outcome and covariates
The main outcome was mortality within 1 year from the
index admission. The last year of life is considered a key
indicator for likely benefit from palliative care [32]. The
covariates examined as associated with end of life
included demographic, illness and environmental factors.
Demographic covariates included age (grouped for clin-
ical relevance), sex and ethnicity. Illness factors were the
main diagnosis derived from the first recorded diagnosis
code on the index admission. Codes were recorded in

ICD-10 and grouped using respective chapter codes
(Additional File C: Tables C4-C5). Comorbidities were
calculated from the Charlson comorbidity index for each
person using the R ‘comorbidity’ package (version
0.5.3.9) [33, 34]. All recorded diagnoses were collated
from the index admission and hospital episodes over
1 year before the index admission [35]. Environment
covariates included the admission setting (e.g. post-
acute), admission type categorised as elective when the
decision to treat was prescribed before the admission, or
non-elective, and level of deprivation by usual place of
residence using index of multiple deprivation indices
[36] at Lower Super Output Area (LSOA).

Statistical analysis
Patient socio-demographics and clinical characteristics
were described with descriptive statistics. Kaplan-Meier
curves were used to visualise survival probabilities by
respective explanatory variables. The multivariate sur-
vival analysis used a time-dependant Cox proportional
hazards (PH) model to determine factors associated with
mortality. All descriptive socio-demographic and clinical
variables (see Table 1) were examined for inclusion in
the survival model. The model included only complete
cases for the identified covariates.

The modelling procedure for the multivariate analysis
was as follows. First, data were split into two cohorts, of
main diagnosis non-cancer condition or cancer at the
index admission. Sensitivity analysis showed that the
survival profile for a main diagnosis of a non-cancer
condition was significantly different from cancer. Indi-
viduals with a main diagnosis of a non-cancer condition
may have had a history of cancer, but this was not
reported as the reason for admission. Two separate
models were fitted to accommodate the difference in
mortality between the non-cancer and cancer groups.
Initially, a stepwise variable selection procedure obtained
the best Cox PH model for each cohort, using bidirec-
tional selection with p value entry criterion 0.1 and
retention criterion of 0.05 (Additional file B). The
models were selected that had the maximum concord-
ance statistic (a measure of goodness of fit) and con-
tained the fewest covariates, retaining those with clinical
importance (e.g. admission type). The Schoenfeld resid-
uals of each covariate were tested for proportional
hazards. However, the non-proportional hazards violated
the assumptions of the Cox PH approach. To address
this, time-dependant coefficients were used for covari-
ates that had a non-stationary effect on mortality over-
time (e.g. main diagnosis) [37]. This meant that
coefficients for covariates that violated the proportional
hazards assumption could vary as a step function over-
time [37]. Time intervals of 28 days in the cancer model
and 28 days and 180 days in the non-cancer model were
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Table 1 Demographics of the study population
Non-cancer Cancer All

Total number of patients 73,024 3680 76,704

Mortality 365 days from admission 18,840 (25.8%) 2605 (70.8%) 21,477 (28.0%)

Days until death from admission

0–28 nights 3615 (19.2%) 1433 (55.0%) 5048 (23.5%)

29–180 nights 9587 (50.8%) 964 (37.0%) 10,551 (49.2%)

181–365 nights 5657 (30.0%) 209 (8.0%) 5866 (27.3%)

Age (years)

Mean (SD) 76.8 (15.9) 73.9 (12.8) 76.7 (15.8)

Median (IQR) 81 (71–88) 76 (67–83) 81 (70–88)

Age (years)

18–39 3226 (4.4%) 60 (1.6%) 3286 (4.3%)

40–64 9103 (12.5%) 685 (18.6%) 9788 (12.8%)

65–74 10,927 (15.0%) 976 (26.5%) 11,903 (15.5%)

75–84 21,848 (29.9%) 1194 (32.5%) 23,042 (30.0%)

85–94 24,657 (33.8%) 713 (19.4%) 25,370 (33.1%)

95+ 3263 (4.5%) 52 (1.4%) 3315 (4.3%)

Sex

Female 43,228 (59.2%) 1932 (52.5%) 45,100 (58.8%)

Male 29,793 (40.8%) 1748 (47.5%) 31,601 (41.2%)

Ethnicity

White 69,892 (95.7%) 3574 (97.1%) 73,466 (95.8%)

Black and ethnic minority 1930 (2.6%) 41 (1.1%) 1971 (2.6%)

Unknown 1202 (1.7%) 65 (1.8%) 1267 (1.7%)

Charlson comorbidity index

Median (IQR) 1 (0–3) 8 (3–9) 2 (0–3)

Range 0–18 2–17 0–18

Charlson comorbidity index

0 20,155 (27.6%) 0 (0.0%) 20,155 (26.3%)

1–2 28,386 (38.9%) 713 (19.4%) 29,099 (37.9%)

3–4 15,275 (20.9%) 667 (18.1%) 15,942 (20.8%)

� 5 9208 (12.6%) 2300 (62.5%) 11,508 (15.0%)

Admission type

Elective 16,535 (22.7%) 1257 (34.2%) 17,828 (23.3%)

Non-elective 56,307 (77.3%) 2418 (65.8%) 58,689 (76.7%)

Admitted from

Hospital (ED or general hospital) 33,553 (46.0%) 1360 (37.0%) 34,913 (45.5%)

Home (personal dwelling/care home) 36,585 (50.1%) 2286 (62.1%) 38,871 (50.7%)

Other 617 (0.8%) 15 (0.4%) 632 (0.8%)

Unknown 2269 (3.1%) 19 (0.5%) 2288 (3.0%)

Length of stay in an intermediate care unit

Median (IQR) 17 (5–34) 8 (5–34) 17 (5–34)

Range 0–1073 0–190 0–1073

Length of stay in an intermediate care unit

0–25 nights 46,916 (64.6%) 2961 (80.6%) 49,877 (65.4%)

26+ nights 25,733 (35.4%) 712 (19.4%) 26,445 (34.7%)

Data are n (%) and represent status at index admission to the intermediate care unit. Charlson Index includes all malignancy, including lymphoma and leukaemia,
except malignant neoplasm of skin [35]. Abbreviations: SD standard deviation, IQR interquartile range, ED emergency department. Definition: home and
community setting, e.g. own home, care home (with or without nursing) but not residential accommodation where medical care is provided, e.g.
inpatient hospice
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