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ABSTRACT

OBJECTIVE To describe which combinations of long
term conditions were associated with a higher risk of
hospital admission or death during winter 2021-22
(the third wave of the covid-19 pandemic) in adults
in England.

DESIGN Population based cohort study.

SETTING Linked primary and secondary care data
from the General Practice Extraction Service Data

for Pandemic Planning and Research (GDPPR)
database, Hospital Episode Statistics, and Office

for National Statistics death registry, comprising
pseudoanonymised routinely collected electronic
medical records from the whole population of
England registered at a general practice, 1 December
2021 to 31 March 2022.

PARTICIPANTS 48253125 individuals, registered in
GDPPR in England, aged 218 years, and alive on 1
December 2021.

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Increasing numbers of multiple long term conditions are associated with a
higher rate of hospital admission and a greater risk of mortality

= Multiple long term conditions are also associated with an increased service
demand during the winter season, which adds to pressures on the NHS

= Which combinations of multiple long term conditions are associated with the
highest risk of winter admissions to hospital or death has not been examined
at the population level

WHAT THIS STUDY ADDS

of England

osteoarthritis

= Distinct combinations of long term conditions were identified and the
associated risk of hospital admission or death estimated during the winter
season based on primary and secondary care data for the whole population

= The highest risk of hospital admission was in individuals with the
combination of cancer, chronic kidney disease, cardiovascular disease,
and diabetes mellitus, and those with cancer, chronic kidney disease,
cardiovascular disease, and osteoarthritis

= The highest rate of deaths was in those with the combination of cancer,
chronic kidney disease, cardiovascular disease, and dementia, and those
with chronic kidney disease, cardiovascular disease, dementia, and

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE, OR POLICY

= Understanding specific combinations of multiple long term conditions
associated with the highest risk of hospital admission and death will allow
clinicians and policy makers to prioritise resources for preventive measures
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MAIN OUTCOMES MEASURES All cause

hospital admissions and deaths associated with
combinations of multiple long term conditions
compared with those with no long term conditions,
during the winter season (1 December 2021 to 31
March 2022). Overdispersed Poisson regression
models were used to estimate the incidence rate
ratios after adjusting for age, sex, ethnic group, and
index of multiple deprivation.

RESULTS Complete data were available for
48253125 adults, of whom 15 million (31.2%) had
multiple long term conditions. Rates of hospital
admissions and deaths among individuals with

no long term conditions were 96.3 and 0.8 per
1000 person years, respectively. Compared with
those with no long term conditions, the adjusted
incidence rate ratio of hospital admissions were
11.0 (95% confidence interval (CI) 9.4 to 12.7)

for those with a combination of cancer, chronic
kidney disease, cardiovascular disease, and type
2 diabetes mellitus; 9.8 (8.3 to 11.4) for those with
cancer, chronic kidney disease, cardiovascular
disease, and osteoarthritis; and 9.6 (8.6 to 10.7)
for those with cancer, chronic kidney disease, and
cardiovascular disease. Compared with those with
no long term conditions, the adjusted rate ratio of
death was 21.4 (17.5 to 26.0) for those with chronic
kidney disease, cardiovascular disease, and
dementia; 23.2 (17.5 to 30.3) for those with cancer,
chronic kidney disease, cardiovascular disease,
and dementia; and 24.3 (19.1 to 30.4) for those with
chronic kidney disease, cardiovascular disease,
dementia, and osteoarthritis. Cardiovascular
disease with dementia appeared in all of the top
five combinations of multiple long term conditions
for mortality, and this two disease combination
was associated with a substantially higher rate

of death than many three, four, and five disease
combinations.

CONCLUSIONS In this study, rates of hospital
admission and death varied by combinations

of multiple long term conditions and were
substantially higher in those with than in those
without any long term conditions. High risk
combinations for prioritisation and preventive
action by policy makers were highlighted to

help manage the challenges imposed by winter
pressures on the NHS.
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» Introduction

Every year, the NHS in England faces challenges
in delivery of services with the onset of the cold
weather and an increase in acute respiratory tract
infections in the winter. These challenges are
usually referred to as winter pressures, and cover
the period from 1 December to 31 March.! ? Data
from NHS England over the past decade showed a
consistent pattern of high attendance at the acci-
dent and emergency department, prolonged wait
times, and maximum occupancy of hospital beds
during this period.>” Earlier studies suggested
that the demand for services and a spike in
deaths during this season is, in part, driven by an
increased number of people with multiple long
term conditions.”®

Multimorbidity, or multiple long term condi-
tions, refers to the presence of two or more long
term conditions. In 2015, an estimated 54% of
people aged >65 years in England had multiple
long term conditions and the number is projected
to increase to almost 70% by 2035.° People with
multiple long term conditions use more health-
care services, with previous studies suggesting a
sixfold higher risk of attendance at accident and
emergency departments than people with no long
term conditions.””” These individuals are also
more likely to be admitted to hospitals and then
readmitted after discharge.®*°

Winter pressures: Combinations of
conditions and risk of hospital admission

O

Risk of hospital admission was higher for combinations of conditions
that included cardiovascular disease, chronic kidney disease, and cancer.
Identifying high risk combinations allows clinicians and policy makers

to prioritise resources for preventative measures

Population based Hospitals in England during the 3rd wave of

cohort study the covid-19 pandemic (Dec 2021to Mar 2022)
483 million | Averageage | Sex Ethnic group
adults 49 years 51% female | 81% white

Admissions

per 1000
Hospital personyears Adjusted incidence rate ratio (95% CI) «
admissions (crude) 4 6 8 10 14
20740 1643 —_——
18595 1552 —_—
41800 1432 .
18985 1188 —
13605 1190 —_—
31290 1057 ——
15010 1064 —_——
39440 889 ——
26495 809 —_—
17435 810 e
623 935 96 Reference

-wp © 2024 BM] Publishing Group Ltd

Figure 1 | Visual abstract. Cl=confidence interval

2

Previous large scale studies have already estab-
lished the increased service demand related to
multiple long term conditions during the winter
season, which adds to pressures on the NHS
service.'! 2 This finding was identified as a crit-
ical priority by the National Institute for Health
and Care Research, Health Data Research UK,
and the Department of Health and Social Care."?
So far, an understanding of how multiple long
term conditions affect the winter pressures on the
NHS has been limited by the lack of granularity
in the existing literature. Most studies examined
the number of conditions or used higher level
groupings of conditions rather than the granu-
larity of individual conditions and their combina-
tions.® 141

Given the rising demand for services, the strain
on resources, and the challenges imposed on the
NHS during the winter season,'®?” understanding
the effect of combinations of multiple long term
conditions in relation to hospital admission or
death could highlight at risk groups and inform
prioritisation of preventive interventions. In this
study, our aim was to describe which combina-
tions of long term conditions were associated with
a higher risk of death and admission to hospital
during winter 2021-22 (which overlapped with
the third wave of the covid-19 pandemic) among
adults in England with multiple long term condi-
tions. Figure 1 shows the visual abstract.

Methods

Data source

In this retrospective cohort study, we used the General
Practice Extraction Service Data for Pandemic
Planning and Research (GDPPR), which has pseudo-
anonymised routinely collected electronic medical
records for the whole population of England who
are registered at a general practice. The GDPPR
dataset was linked to the Hospital Episode Statistics
Admitted Patient Care and the Office for National
Statistics death registry. These datasets are avail-
able in the Secure Data Environment (SDE) service
for England, established by NHS England.® The SDE
was accessed via the British Heart Foundation Data
Science Centre's CVD-COVID-UK/COVID-IMPACT
Consortium. The online supplemental material and
elsewhere!® 2° have more details on the premise of
the CVD-COVID-UK/COVID-IMPACT Consortium and
the datasets used in this study.

Study design

Our study period was from 1 December 2021, the
start of the winter pressure season, to 31 March
2022, the end of the winter season (which also coin-
cided with the third wave of the covid-19 pandemic).
We included all individuals registered in GDPPR
who were alive and aged >18 years at our study start
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date. Follow-up was censored at the earliest event
of death or the study end date (31 March 2022),
with individuals followed up from the study start
date (1 December 2021). All cause hospital admis-
sions (from Hospital Episode Statistics Admitted
Patient Care) and deaths (from the Office for National
Statistics deaths registry) were recorded until the end
of follow-up.

Our main exposure variable was the combination
of long term conditions. Fifty nine long term condi-
tions were selected based on a recent consensus
of UK researchers.”’ These 59 conditions (online
supplemental table S1) were defined based on
SNOMED (Systematised Nomenclature of Medicine,
for primary care data) and ICD-10 (International
Classification of Diseases, 10th revision, for
secondary care data) codes. Online supplemental
table S2 lists the SNOMED and ICD-10 codes used to
define the 59 long term conditions.

The amount of missing data was small (<4%) in
our cohort, and therefore we included only those
individuals with complete sociodemographic vari-
ables, including age at the start of the study, sex
(men or women), deprivation, and ethnic group
(white, South Asian, black, or mixed or other). Data
for sex were taken from information in the GDPPR
database rather than from patient reported gender.
Area based socioeconomic deprivation status was
described by the 2019 English index of multiple
deprivation, which is the official measure of depriva-
tion in England.?? An individual's residential address
was mapped with lower layer super output areas,
which was then linked to the 2019 English index of
multiple deprivation. The index of multiple depriva-
tion ranking was further categorised into five groups,
where groups 1 and 5 represented the most and least
deprived areas, respectively.

Statistical analysis

We described the prevalence of multiple long term
conditions based on the 59 conditions selected.
Subsequent analyses on the association between
combinations of long term conditions and hospital
admission or death were restricted to 19 long term
conditions.

With 59 different long term conditions, the
number of combinations (>500000) was a chal-
lenge computationally and with limited clinical
use. Therefore, we approached the analysis in two
stages. In the first stage, after extensive discus-
sions with clinicians, policy makers, and members
of the patient and public involvement contribu-
tors, we retained 23 long term conditions that were
considered important from clinical and popu-
lation health perspectives. We further grouped
them into 19 long term conditions (online supple-
mental table S1), and conducted data minimisa-
tion with an initial data exploration. We identified
more than 52 000 unique combinations (among
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19 conditions within our cohort). Several issues
emerged: firstly, testing the outcomes in 52 000
combinations of multiple long term conditions
would increase the type I error rate exponentially.
Secondly, such a large number of comparison
groups would mean a smaller number of outcome
events in many groups, leading to imprecise effect
estimates, especially after adjusting for other
covariates. Thirdly, when considering the combi-
nations of multiple long term conditions, rather
than individual multiple long term conditions,
increasing numbers of conditions in combina-
tions of multiple long term conditions could mask
important disease combinations (online supple-
mental figure S1 has an illustrative example).
Lastly, given the limited consultation time in
general practice and resources in primary care,
handling such complex findings in the current
clinical settings is almost impossible. Therefore,
after extensive consultation with the practising
clinicians, to balance the computational burden
with clinical use, and considering the primary
aim of this project, we reported 10 combinations
of multiple long term conditions (not individual
long term conditions) associated with the highest
absolute number (volume) of hospital admissions
or deaths (separately) during the winter season.

In the second stage of the analysis, after these
10 combinations of multiple long term conditions
were identified, we used overdispersed Poisson
regression models and estimated the incidence
rate ratios with 95% confidence intervals (CI) of
hospital admissions or deaths in winter associ-
ated with the combinations of multiple long term
conditions compared with those with no long term
conditions. Within the generalised linear model
framework, we used the log of the follow-up time
as an offset term (family=quasipoisson in R). We
estimated the crude incidence rates of hospital
admissions and deaths, and adjusted our regres-
sion models for age, sex, ethnic group, and depri-
vation. Data curation, cleaning, and exploratory
analysis were performed with Python (version
3.7) and Spark SQL (version 2.4.5) on Databricks
(version 6.4). Statistical analysis was conducted
in R (version 4.0.3).

This analysis was performed according to a
prespecified analysis plan published on GitHub,
along with the phenotyping and analysis code
(https://github.com/BHFDSC/CCU059_01).

Patient and public involvement

Patient and public contributors had a crucial
role in shaping our study through two rounds of
meetings. We engaged 10 members of the public,
all aged =18 years with multiple long term condi-
tions, in discussions with the research team. The
meetings focused on key concerns, such as the
risks associated with living in cold homes during
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winter, access to adequate healthcare for existing
conditions, and the financial effect of a potential
increased need for health services. Their valu-
able insights provided a clearer perspective on
these challenges and helped us refine the study's
methodology to better deal with the real world
concerns of those affected. Results will be dissem-
inated through this publication, infographics, lay
summary, electronic (eg, blogs, news) and social
media.

Results

We identified 50057 280 individuals registered
in GDPPR who were aged >18 years at the start
of the study. Because of minimal missing data on
sex, ethnic group, and deprivation (3.7% overall),
we excluded those with missing records and
conducted a complete case analysis in 48253 125
individuals (online supplemental figure S2).
Median follow-up time was 120 days (interquar-
tile range 120-120 days). During the study period,
we recorded 4710675 hospital admissions and
176 895 deaths. Overall, 19.7 million individuals
(40.5%) had no long term conditions, 13.5 million
individuals (27.9%) had one long term condi-
tion, and 15.1million (31.2%) people had
multiple long term conditions. Individuals with
multiple long term conditions were older (mean
age 61.4 (standard deviation (SD) +17.9 years)
compared with those with no long term condi-
tions (39.9+15.5 years) or one long term condi-
tion (47.4+16.9 years), with a higher proportion
of women (61.3% v 40.4% v 54.4%) and individ-
uals from the white ethnic group (88.7% v 72.5%
v 84.0%). The distribution of deprivation was
similar across the three groups (table 1).

OPEN ACCESS 3

Hospital admissions

Table 2 lists the 10 combinations of multiple long
term conditions that contributed to the highest
rates of hospital admissions during the winter
period. Cardiovascular disease appeared in all but
one combinations, chronic kidney disease in eight
combinations, and cancer in six. We included the
rate of hospital admissions for those with one and no
long term conditions for comparison (table 2).

The rate of hospital admissions (per 1000 person
years) was higher among individuals with multiple
long term conditions than in those with no long
term conditions (>1600 v 96). The highest crude
rates of hospital admissions were found for these
combinations: 1643 per 1000 person years for the
combination of cancer with chronic kidney disease,
cardiovascular disease, and type 2 diabetes mellitus;
and 1552 per 1000 person years for the combina-
tion of cancer with chronic kidney disease, cardi-
ovascular disease, and osteoarthritis. The rates of
hospital admissions increased in a dose-response
way in individuals who had cardiovascular disease,
osteoarthritis, and type 2 diabetes mellitus in addi-
tion to having both cancer and chronic kidney
disease (table 2).

Compared with those with no long term condi-
tions, the adjusted incidence rates of hospital admis-
sions were 11.0 (95% CI 9.4 to 12.7) times higher
for those with the combination of cancer, chronic
kidney disease, cardiovascular disease, and type 2
diabetes mellitus, 9.8 (8.3 to 11.4) times higher for
those with cancer, chronic kidney disease, cardio-
vascular disease, and osteoarthritis, and 9.6 (8.6
to 10.7) times higher for those with cancer, chronic
kidney disease, and cardiovascular disease. The
adjusted rate of hospital admissions was 6.1 (95% CI

Table 1 | Baseline characteristics of individuals in the cohort, analysed to identify the combinations of long term
conditions associated with the highest risk of hospital admission and death during winter, 2021-22

No of long term conditions

Characteristics o
No of individuals 19706155 (40.5)
Mean (SD) age (years) 39.9 (15.5)

Women 7962365 (40.4)
Ethnic group:

Black 1044605 (5.3)

Mixed/other 2482290 (12.6)
South Asian 1901470 (9.6)
White 14277785 (72.5)

Index of multiple deprivation group:

1 Multiple (22)
13475240 (27.9) 15071730 (31.2)
47.4 (16.9) 61.4(17.9)
7336705 (54.4) 9236450 (61.3)

426415 (2.8)
562440 (3.7)
711790 (4.7)
13371085 (88.7)

502860 (3.7)
843050 (6.3)
806105 (6.0)
11323220 (84.0)

1 (most deprived)
2
3
4
5 (least deprived)

3977500 (20.2)
4438705 (22.5)
4022450 (20.4)
3716290 (18.9)
3551205 (18.0)

2561345 (19.0)
2691690 (20.0)
2749735 (20.4)
2752445 (20.4)
2720025 (20.2)

3107125 (20.6)
3033610 (20.1)
3072100 (20.4)
3020925 (20.0)
2837970 (18.8)

Data are number (%) unless indicated otherwise.

Numbers are rounded to the nearest 5, based on the NHS Data Access Environment safe output guidelines. These estimates are based on the 59 chronic
conditions selected (online supplemental table S1).

SD, standard deviation.
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Table 2 | Number and crude incidence rates of admissions to hospital in winter, associated with the combinations of
long term conditions

No of long term
conditions

Combinations of long term

conditions Follow-up (years) No of hospital admissions Incidence rate per 1000 person years (95% Cl)

4 Cancer, chronic kidney disease, 12626 20740 1642.6 (1620.3 to 1665.0)

cardiovascular disease, and type
2 diabetes mellitus

4 Cancer, chronic kidney disease, 11982 18595 1551.9 (1529.6 to 1574.2)

cardiovascular disease, and
osteoarthritis

3 Cancer, chronic kidney disease, 29181 41800 1432.4 (1418.7 t0 1446.2)

and cardiovascular disease

4 Anxiety or depression, chronic 11434 13605 1189.9 (1169.9 to 1209.9)

kidney disease, cardiovascular
disease, and type 2 diabetes
mellitus

2 Cancer and chronic kidney 15981 18985 1188.0(1171.1t0 1204.9)

disease

4 Chronic kidney disease, cardiovas- 14102 15010 1064.4 (1047.4 to 1081.4)

cular disease, type 2 diabetes
mellitus, and osteoarthritis

3 Cancer, cardiovascular disease, 29595 31290 1057.3 (1045.6 to 1069.0)

and osteoarthritis

3 Chronic kidney disease, cardiovas- 44354 39440 889.2 (880.4 t0 898.0)
cular disease, and type 2 diabetes

mellitus

3 Anxiety or depression, chronic 21530 17 435 809.8 (797.8 to 821.8)
kidney disease, and cardiovascu-

lar disease

3 Cancer, cardiovascular disease, 32768 26495 808.6 (798.8 to 818.3)

and type 2 diabetes mellitus
1 One
0 None

4428164
6477947

943535
623935

213.1 (212.6 to 213.5)
96.3 (96.1 to 96.6)

Numbers are rounded to the nearest 5, based on the NHS Data Access Environment safe output guidelines. Combinations of multiple long term conditions are based on the final
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19 long term conditions (online supplemental table S1).
Cl, confidence interval.

5.5 to 6.8) times higher in those with chronic kidney
disease, cardiovascular disease, and type 2 diabetes
mellitus than in those with no long term conditions,
which increased to 8.4 (7.0 to 10.0) when anxiety
or depression was added to the combinations of
multiple long term conditions (figure 2).

Deaths

Table 3 lists the top 10 combinations of multiple long
term conditions that contributed to the highest rates
of mortality during the winter period. Cardiovascular
disease appeared in all 10 of the combinations, and
chronic kidney disease appeared in seven of the top
10 combinations (table 3).

The rate of deaths was 1 per 1000 person
years in people with no long term conditions;
346 per 1000 person years in people with a
combination of cancer, chronic kidney disease,
cardiovascular disease, and dementia; and 333
per 1000 person years in those with a combina-
tion of chronic kidney disease, cardiovascular
disease, dementia, and osteoarthritis (table 3).
Cardiovascular disease with dementia seemed to
be the key combination that appeared in the top
five combinations of multiple long term condi-
tions. This two disease combination was associ-
ated with a substantially higher rate of death than
many three, four, and five disease combinations.
After adjusting for age, sex, ethnic group, and

Islam N, et al. BMJMED 2024;3:e001016. doi:10.1136/bmjmed-2024-001016

index of multiple deprivation, the rate of death
was 14.6 (95% CI 12.0 to 17.8) times higher in
people with cardiovascular disease and dementia
than in those with no long term conditions. The
adjusted rate ratio further increased to 21.4
(95% CI 17.5 to 26.0) in patients who also had
chronic kidney disease (chronic kidney disease
with cardiovascular disease and dementia), 23.2
(95% CI 17.5 to 30.3) in those who also had
cancer and chronic kidney disease (cancer with
chronic kidney disease, cardiovascular disease,
and dementia), and 24.3 (95% CI 19.1 to 30.4)
in those who also had chronic kidney disease and
osteoarthritis (chronic kidney disease with cardi-
ovascular disease, dementia, and osteoarthritis;
figure 3).

Discussion

Principal findings

In this large population based cohort study of
more than 48 million adults in England, we
examined how the risk of hospital admission
and death during the winter was associated with
distinct combinations of long term conditions. In
a whole population study, we found the highest
risk of hospital admission in winter in individuals
with the combination of cancer, chronic kidney
disease, cardiovascular disease, and diabetes
mellitus, and in those with a combination of
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Figure 2 | Crude and adjusted incidence rate ratios of admissions to hospital in winter, associated with the
combinations of long term conditions compared with no long term conditions. Numbers are rounded to the nearest 5,
based on the NHS Data Access Environment safe output guidelines. Combinations of multiple long term conditions are
based on the final 19 long term conditions (online supplemental table S1). Estimates are adjusted for age, sex, ethnic
group, and deprivation in the overdispersed Poisson regression models, with the log of the follow-up time as an offset
term and with those with no long term conditions as the reference. Cl=confidence interval

cancer, chronic kidney disease, cardiovascular
disease, and osteoarthritis. The highest rate of
deaths, however, was in those with the combi-
nation of cancer, chronic kidney disease, cardi-
ovascular disease, and dementiaand those with
chronic kidney disease, cardiovascular disease,
dementia, and osteoarthritis.

Comparison with other studies

Our study had a higher prevalence of multiple long
term conditions than the previously reported 27.2%
in the literature,” possibly because of the popula-
tion (the previous study used a subset of the English
population whereas we used the whole population
of England) and different definitions of multiple
long term conditions. Our results align with earlier
studies, however, that have consistently reported a
substantial burden of multiple long term conditions
in diverse populations, with a prevalence of 37.2%
globally and 39.2% across Europe.**® In a recent
systematic review in high, middle, and low income
countries, a positive association was found between
multiple long term conditions and hospital admis-
sion, with a 2.5 times higher risk than those with no
long term conditions.?” Our study also estimated the
risks of admission to hospital and death in winter
associated with distinct combinations of multiple
long term conditions.

Study implications for research and practice

The cold weather during the winter season is associ-
ated with negative health outcomes and puts a major
strain on public health services. The NHS in the UK
is facing growing challenges in delivering health-
care services of high quality to the population.”® %
Research conducted in the UK has shown a pattern
of increased hospital admissions during the winter
months, specifically for respiratory diseases, which
are strongly associated with the adverse effects of
cold weather and respiratory infections. Several
studies conducted in the UK also showed increased
rates of hospital admissions during winter for other
conditions, including asthma, falls, specific types of
road traffic incidents, atrial fibrillation, heart failure,
pulmonary embolism, stroke, and patients requiring
intensive care.’*>? During the winter season, the
NHS faces problems with capacity, influenced by
several factors other than cold temperatures. These
factors include the rising number of patients with
chronic health conditions,*® 3* delays in patient
transfers between different healthcare settings, and
an increased prevalence of communicable diseases,
such as influenza, which tend to peak in winter.*> >’
Hospital systems are under the most strain during
the winter period, as hospital admissions reach
their highest levels, largely because of an increase in
respiratory illnesses associated with cold weather.>* 3
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Table 3 | Number and crude incidence rates of deaths in winter, associated with the combinations of long term

conditions

No of long term
conditions

Combinations of long term
conditions

4 Cancer, chronic kidney disease, 1343
cardiovascular disease, and

dementia

4 Chronic kidney disease, cardio- 2101
vascular disease, dementia, and

osteoarthritis

3 Chronic kidney disease, cardio- 3560

vascular disease, and dementia

3 Cardiovascular disease, demen- 2582

tia, and osteoarthritis

2 Cardiovascular disease and 6244

dementia

5 Cancer, chronic kidney disease, 5717
cardiovascular disease, type 2
diabetes mellitus, and osteo-

arthritis

4 Cancer, chronic kidney disease, 11982
cardiovascular disease, and

osteoarthritis

4 Chronic kidney disease, cardio- 5242
vascular disease, osteoarthritis,

and osteoporosis

3 Cancer, chronic obstructive pul- 5594
monary disease, and cardiovas-

cular disease

4 Cancer, chronic kidney disease, 12626
cardiovascular disease, and type
2 diabetes mellitus

1 One

0 None

4428164
6477 947

Follow-up (years)

No of deaths Incidence rate per 1000 person years (95% Cl)

465 346.2 (314.8t0 377.7)

700 333.2 (308.5 t0 357.9)
1030 289.3 (271.7 to 307.0)
480 185.9 (169.3 to 202.5)
1025 164.2 (154.1t0 174.2)
690 120.7 (111.7 t0 129.7)
1310 109.3 (103.4t0 115.3)
520 99.2 (90.7 to 107.7)
520 93.0 (85.0 to 100.9)
1170 92.7 (87.4 0 98.0)
12970 2.9 (2.9t0 3.0)

5080 0.8 (0.8t00.8)

Numbers are rounded to the nearest 5, based on the NHS Data Access Environment safe output guidelines. Combinations of multiple long term conditions are

based on the final 19 long term conditions (online supplemental table S1).
Cl, confidence interval.

Our analysis identified specific combinations
of chronic conditions that were strongly associ-
ated with increased hospital admissions in winter.
Cardiovascular disease was present in almost all
of the top combinations, indicating the prominent
role of cardiovascular disease in the increased use
of healthcare services. This finding is consistent
with previous research highlighting the substantial
effect of cardiovascular disease on hospital admis-
sions in individuals with multiple long term condi-
tions.?® “© Furthermore, chronic kidney disease and
cancer appeared frequently in the top combina-
tions in our study, emphasising their substantial
contributions to hospital admissions. These results
corroborate the existing literature that emphasised
the importance of comprehensive disease manage-
ment approaches targeting cardiovascular disease,
chronic kidney disease, and cancer to effectively
reduce hospital admissions in individuals with
multiple long term conditions.** *?

Jani et al conducted a study in 500769 partici-
pants from the UK Biobank and identified cardiovas-
cular diseases and cancer as common contributors
to all cause mortality in individuals with multiple
long term conditions.”® These consistent findings
across diverse populations emphasise the universal
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burden of these conditions and highlight the need
for comprehensive management strategies dealing
with their co-occurrence.”’™* Potential mecha-
nisms include, but not limited to, a higher burden of
respiratory infections in winter, an increased vulner-
ability to viral infections caused by dysregulated
immune responses, coexisting frailty and disability,
and unmet social care needs. Also, patients with
multiple long term conditions might have a compro-
mised ability to cope with infection related stressors,
such as fever or hypoxia.

In our all cause study, the combinations of cardio-
vascular disease with dementia and chronic kidney
disease showed the highest rates of deaths. These
findings align with previous research showing
the adverse effect of chronic kidney disease and
dementia on death.® The substantially raised death
rates found in these combinations compared with
others emphasise the urgency of targeted interven-
tions and effective management strategies for these
conditions.

The high prevalence of multiple long term condi-
tions and the effect on hospital admissions and death
rates highlight the complex nature of managing
multiple chronic conditions.”” The manage-
ment of multiple long term conditions requires a
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Figure 3 | Crude and adjusted incidence rate ratios of deaths in winter, associated with the combinations of long
term conditions compared with no long term conditions. Numbers are rounded to the nearest 5, based on the NHS
Data Access Environment safe output guidelines. Combinations of multiple long term conditions are based on the
final 19 long term conditions (online supplemental table S1). Estimates are adjusted for age, sex, ethnic group, and
deprivation in the overdispersed Poisson regression models, with the log of the follow-up time as an offset term and
with those with no long term conditions as the reference. Cl=confidence interval

comprehensive and patient centred approach that
considers the interactions between different condi-
tions, potential polypharmacy, and the unique needs
of individual patients. Integrated care models that
promote collaboration between healthcare profes-
sionals and include the active participation of
patients are crucial in dealing with the challenges of
multiple long term conditions.*® %’

A person centred approach that focuses on person-
alised care planning, shared decision making,
and coordinated management can help optimise
outcomes for individuals with multiple long term
conditions.’® Collaborative care models, such as
the Chronic Care Model and the Guided Care Model,
have shown promise in improving patient outcomes,
reducing hospital admissions, and enhancing the
quality of life for individuals with multiple long term
conditions.’® >* Interventions targeting cardiovas-
cular disease, chronic kidney disease, and dementia
should prioritise the management of cardiovascular
risk factors, including hypertension, diabetes, and
hyperlipidaemia, while also dealing with cogni-
tive impairment and promoting brain health.”>™*
Cancer care pathways should be tailored to look at
the unique needs of individuals with multiple long

term conditions, considering potential interactions
between cancer treatments and other chronic condi-
tions.*?>*

Our large scale study used a large sample size
(more than 48 million adults in England) to report
on multiple long term conditions in England and
provided compelling evidence about the substantial
burden of multiple long term conditions on hospital
admissions and death rates during winter. Future
research should focus on longitudinal studies to
elucidate the temporal patterns and long term effect
of multiple long term conditions on health outcomes.
Furthermore, efforts should be directed towards
developing integrated care models that look at the
complex needs of individuals with multiple long
term conditions during winter, particularly those
with high risk combinations of chronic conditions.

Strengths and limitations of this study

A key strength of our study was the large sample size
of 48.2 million people covering most of the popula-
tion in England. Our sample was representative and
generalisable, and could quickly be applied to plan-
ning for winter pressures over the coming year. The
study also had few missing data. We defined the long
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term conditions based on a combination of primary
and secondary care data to maximise the coverage of
conditions.

Our study had several limitations, including
dependence on the electronic health records for
coding of multiple long term conditions: electronic
health records are routine clinical records and not
necessarily of research standard. Also, grading of
conditions was not performed, indicating possible
over-representation or under-representation of
conditions and their severity. A different set of long
term conditions, and different decisions about how
to combine and categorise conditions, could have
produced different results. Conditions managed
through self-care, over-the-counter treatment,
private clinics, or screening programmes might
not have been captured in these records. Our study
focused on selecting long term conditions to inform
public health policy. Inclusion of additional long
term conditions, especially rare diseases, would
increase the overall prevalence of multiple long term
conditions.

Our study did not consider the length or severity
of illness or frailty, or the sequence of long term
conditions. Despite using a combination of primary
(GDPPR which represents >90% of the SNOMED
codes currently extracted by the General Practice
Extraction Service) and secondary care data, under-
estimation of the burden of multiple long term condi-
tions cannot be ruled out. The amount of missing
data in our study was small, but could still introduce
some biases, although we believe it would have no
major effect on the study findings. Our analyses
could not include those admitted to hospitals outside
of England, or private hospitals, which are likely to
be small. Because we focused on the top 10 combi-
nations of long term conditions with the highest
number of admissions to hospital or deaths to inform
healthcare policy, rare conditions affecting smaller
numbers of people were excluded, although these
rare conditions could have had a disproportionately
higher risk of these outcomes. This observational
study overlapped with the covid-19 pandemic when
substantial disruption occurred in health and social
care provisions (eg, backlog, waitlists). Therefore,
the findings should be interpreted with caution
without direct causal association. Nevertheless,
rapid availability of data at such a large scale during
the pandemic through the consortium allowed us
to examine population level trends and the effects
of the pandemic. Our analysis did not consider the
cause of hospital admissions or deaths, which could
be explored in future research.

Finally, our objective was to estimate the health-
care burden of hospital admission and mortality
rather than the individual risk of these outcomes.
Therefore, the findings should not be interpreted
as a guide for individual risk predictions. Future
research should investigate whether we can integrate
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an improved stratification, incorporating more gran-
ular data, such as stages of disease severity, or other
indicators of patient frailty and functionality, history,
length of disease, effectiveness of the drug treat-
ments used to treat the underlying conditions, and
any social support received along with clinical care.
This approach could help introduce more nuanced,
patient centred new models of care in the future.

Conclusions

In this study, we found that multiple long term condi-
tions were associated with a higher risk of hospital
admission and death. This risk varied by the combi-
nation of conditions. Current policy and clinical
guidance consider the risk of hospital admission
and death for multiple long term conditions during
the winter season as one homogenous condition.
By highlighting specific high risk combinations, our
findings will inform planning for winter pressures on
the NHS and help policy makers allocate resources
where they are needed most.
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