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Abstract

Background:

Multiple long-term conditions (MLTC) are highly prevalent and lead to poor health and
increased healthcare utilisation. Evidence is needed to identify clusters of people with MLTC
across socioeconomic and ethnic groups and examine their association with unplanned
hospitalisation, to better understand differences in MLTC patterns and healthcare needs.
Methods:

We used data from Clinical Practice Research Datalink (CPRD) Gold linked to Hospital Episode
Statistics (HES). We included patients aged 18+ years on 01/01/2018, with >2 long-term
conditions (LTC), and with >1 year of data visibility. Conditions of interest were identified
based on clinical knowledge and prevalence 25%. We applied latent class analysis (LCA) to
identify clusters with similar MLTC patterns overall and stratified by area deprivation and
ethnicity. We assessed the association between cluster membership and the risk of one-year
unplanned hospital admission through Cox proportional hazards regression.

Results:

237,156 (57.7% women) patients were included. LCA identified a total of five distinct MLTC
clusters. Across all stratified analyses, we identified five distinct MLTC clusters. Four clusters
were identified in the least deprived areas, while three were identified in the most deprived
areas and three within each ethnic group. “High-MLTC” (characterised by patients with a high
prevalence of most conditions) and “mental health” clusters were observed in all sub-groups.
An “inflammatory” cluster (defined by high prevalence of inflammatory conditions) was
observed only in the least deprived areas and White ethnicity, whereas a “cardiometabolic”
cluster (with high prevalence of cardio-metabolic conditions) was observed solely in the most

deprived areas and among Black and Asian ethnic groups. An “obesity” cluster, characterised
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by obesity with fewer other conditions, was observed only among those residing in the least
deprived areas.

Across all sub-groups, the “High-MLTC” cluster showed the highest unplanned hospitalisation
rate: hazard ratio from 2.06 [95%Cl 1.94-2.18] to 2.15 [95%CI 1.83-2.54] compared with the
lowest risk cluster across deprivation and ethnicity strata.

Conclusions:

This research highlights distinct patient clusters characterised by different patterns of MLTC
that have major implications for healthcare use. MLTC clusters across socioeconomic and
ethnic sub-groups could inform targeted workforce, resources and personalised interventions

directed towards people with MLTC.

Keywords (Three to ten keywords representing the main content of the article):
Clusters, Multiple Long-Term Conditions, Socioeconomic factors, ethnicity, Electronic health

records, Primary care data
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Introduction

In 2020, the number of people in the United Kingdom (UK) living with multiple long-term
conditions (MLTC), defined as two or more co-occurring chronic conditions, exceeded 7 million
and is increasing rapidly [1-5]. A recent systematic review estimated the global prevalence of
MLTC among adults to be 37.2%, although substantial heterogeneity was observed across
studies [6]. In England, the prevalence of MLTC ranges from 0.9% for 0-19 years olds to 68.2%
in those aged 80 years and older, with an average overall prevalence of 14.8% [7]. This is
projected to increase by one-third by 2049 [8]. Individuals living with MLTC are more likely to
have poor health-related quality of life, reduced physical function, greater psychological
needs, and increased healthcare utilisation compared to those without MLTC [9, 10]. This
highlights the urgent need to address both the condition burden and the inequalities
associated with it.

Previous research has shown that long-term conditions (LTC) commonly cluster into distinct
patterns [11], highlighting the need for more integrated, person-centred models of care. In
parallel, advances in statistical clustering methods have enabled increasingly sophisticated
analyses of large population-based cohorts, resulting in a growing body of literature
identifying distinct MLTC patient subgroups based on patterns of co-occurring conditions [12].
Importantly, evidence indicates that MLTC are disproportionately prevalent among
socioeconomically disadvantaged and ethnic minoritised populations [8, 13]. Nevertheless,
scarce evidence shows how socioeconomic and ethnic factors shape patterns of MLTC
clustering among people living with multiple conditions [14, 15].

In addition, the burden of MLTC is further reflected in healthcare utilisation, particularly
unplanned hospital admissions, where one in three admissions involves individuals living with
5 or more LTC [16, 17]. However, despite emerging evidence linking MLTC clusters with health
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care utilisation [15, 18], how these associations vary across demographic populations remains
underexplored. To our knowledge, no studies have investigated the association between MLTC
clusters and the rate of unplanned hospitalisation across socioeconomic and ethnic groups.
Examining these groups separately is important to avoid treating populations with diverse
ethnic and socioeconomic backgrounds as homogeneous in their MLTC profiles and associated
healthcare risks. Identifying high-risk MLTC subgroups is clinically and strategically important
for informing population-level workforce planning, resource allocation and service provision.
At the individual level, this could also inform tailored care pathways aimed at improving
disease management and reducing health inequalities, particularly among disadvantaged
populations, with limited access to resources.

To address these evidence gaps, we sought to (1) identify distinct clusters of patients with co-
occurring MLTC specific to different socioeconomic and ethnic groups, and (2) assess the one-
year risk of unplanned hospital admissions associated with each MLTC cluster, overall and

across socioeconomic and ethnic strata.

Methods

Ethical approval

Clinical Practice Research Datalink (CPRD) has ethics approval from the Health Research
Authority to support research using anonymised patient data. The study has been approved
by the Independent Scientific Advisory Committee for CPRD (protocol number 24 004361).
https://www.cprd.com/approved-studies/identifying-and-characterising-groups-people-

multiple-long-term-conditions.
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CO-ACTION Programme

CO-ACTION is a multimethod, multisectoral, biopsychosocial applied research programme
that aims to improve health, wellbeing, and care coordination for people living with MLTC,
with a focus on those in underserved populations (Grant number: NIHR206260). It combines
systematic evidence synthesis; data-driven identification of high-need MLTC groups, and
participatory co-production to inform a personalised intervention, that integrates health,
social care, and voluntary sector support. The intervention will be evaluated in a multi-centre
pragmatic randomised controlled trial with process, economic and implementation evaluation
to assess its effectiveness, scalability and sustainability. This paper describes the data-driven
identification of high-need MLTC clusters used to inform a meaningful and longstanding

intervention targeting.

Study design and participants

This is a retrospective cohort study using data from CPRD Gold (January 2025 release), a large
primary care database, containing over 21.7 million anonymised records of patients across the
UK (England, Wales, Northern Ireland and Scotland) [19, 20].

CPRD Gold data for patients in England were linked to Hospital Episode Statistics (HES)
Admitted Patient Care (APC) and Accident and Emergency (A&E), and Outpatient (OP)
databases for hospital admissions, to the Townsend Deprivation Index database for
socioeconomic status at a residential area level, and to CPRD Gold Ethnicity Record data [21-
25]. Linkage to HES was available for eligible patients registered at participating general
practices in England who consented to participate in the linkage scheme, who had not opted
out or dissented from the sharing of their records, and met the requirements for linkage [26].

Therefore, analysis was restricted to patients within England. All data was mapped to the
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Observational Medical Outcomes Partnership Common Data Model (OMOP-CDM) to increase
future reproducibility in other databases.

Patients were included if they: (i) were registered with an up-to-standard practice for at least
one year before 1% January 2018 (index date); (ii) were eligible for linkage to HES; (iii) were

aged 218 years; and (iv) had at least two prior LTC diagnoses on index date.

Initial selection of MILTC

The selection of long-term conditions was guided by other CO-ACTION programme
intervention development work packages, which aimed to define a set of clinically meaningful
and high-burden conditions for a targeted multimorbidity intervention. Condition selection
was conducted a priori through a structured, multi-source process overseen by the CO-
ACTION multidisciplinary MLTC applicants with input from the steering group, including
clinical experts, methodological researchers, and Patient and Public Involvement (PPI)
contributors.

Condition inclusion was based on triangulation of (i) evidence from systematic literature
reviews on MLTC burden and intervention outcomes (PROSPERO; registration number:
CRD420251164577), (ii) PPI insights from people living with MLTC highlighting functional
limitation, pain, and wellbeing impacts, (iii) national policy priorities including the NIHR MLTC
strategy [27], and (iv) epidemiological evidence on associations with unplanned hospital
admissions [28, 29] and higher prevalence in socioeconomically deprived and ethnically
minoritised populations [30-32].

This process resulted in the pre-specification of 58 high-impact long-term conditions, which

were included as candidate variables for clustering analyses (Additional file 1: Table S1). An
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LTC was defined as any diagnosis of the condition recorded in CPRD Gold at any time prior to

the index date.

Outcome: unplanned hospital admissions

The outcome was one-year unplanned hospital admissions, defined as the first unpredictable
and emergency inpatient admission recorded in HES APC within one year of index date.
Emergency admissions were identified using the HES admission method field, restricted to
non-elective admission codes (including via A&E, GP referral, and other emergency routes).
Where A&E attendance records were linked to an inpatient admission, the episode was
classified as unplanned if the subsequent admission was coded as an emergency impatient
spell. The outcome date was the admission start date of the first eligible hospital episode.
Participants were followed from baseline until first unplanned hospital admission, death,

deregistration, or end of one-year follow-up.

Explanatory variables
Patients’ age was calculated as at index date, and sex was obtained from patient file as

recorded (men/women).

Stratification variables for assessing inequalities in MLTC clusters

Socioeconomic status was assessed using the Townsend Deprivation Index [33], an area-level
measure of deprivation. The index is derived from UK Census data and comprises four
weighted components: unemployment, non-car ownership, non-home ownership, and
household overcrowding. Each component is standardised and combined to produce an

overall deprivation score for the corresponding area, with higher values indicating higher
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levels of socioeconomic deprivation. Patients were categorised into quintiles based on the
score, ranging from the least deprived (quintile 1) to the most deprived (quintile 5) [33].

Ethnicity was documented using CPRD Gold Ethnicity Records [34]. This provides a single
derived ethnicity category for each patient. Ethnicity data were available and categorised into
three ethnic groups: White, Black (Black African, Black Caribbean, and Black Other), and South

Asian (Indian, Bangladeshi, and Pakistani).

Statistical Analysis
All analyses were conducted for the whole population and separately stratified by
socioeconomic deprivation (first and fifth quintile, least and most deprived areas,

respectively) and ethnic groups (‘White’, ‘Black’, and ‘Asian’).

Descriptive analyses

Among all patients with at least two LTC and stratified by deprivation area and ethnic group,
key characteristics including age and sex and the number of LTC per patient were summarised,
and the frequency of each patient’s LTC calculated. No missingness was present for LTC, age

and sex. Absence of a recorded condition was considered absence of that condition.

Cluster analysis

Conditions with a prevalence of less than 5% among patients aged 50 and over were excluded
for the clustering analysis (Additional file 1: Table S1). A threshold of 5% was selected because
the substantial diagnostic heterogeneity and variability in the number of chronic conditions
among people with MLTC are likely to result in a large number of infrequently occurring

combinations of conditions.
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Clusters of patients according to their MLTC distribution were identified using latent class
analysis (LCA). LCA is a soft clustering algorithm, which assigns individuals to a non-
overlapping cluster in a data-driven approach. LCA divides the population under study into
latent subpopulations (i.e., classes/clusters) [35, 36].

Models with 2 to 7 classes were fitted with 100 random starts. To determine the best/optimal
cluster solution, we compared the performance of the different models through statistical
criteria including entropy R2, the Akaike's Information Criteria (AIC), Bozdogan's Criterion
(CAIC), the Bayesian Information Criteria (BIC), log-likelihood ratio, as well as considered
clinical plausibility [35-37]. Additionally, we required that the smallest cluster to represent at
least 1% of the study sub/population. Clinical judgement was also considered when the

statistical criteria were inconclusive.

Survival analysis

After identifying the clusters of patients with MLTC, we conducted a survival analysis to assess
the association between clusters with the highest 1-year rate of unplanned hospitalisation.
Cluster membership was included as an independent variable, and time to first unplanned
hospitalisation within one year was the outcome. Hazard ratios (HRs) were estimated using
Cox proportional hazards regression and reported with their 95% confidence intervals (Cls),
adjusted for age and sex.

All statistical analyses were conducted using R 4.4.2 for Windows (R Foundation for Statistical

Computing, Vienna, Austria).
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Results

Study population

Of 3,146,578 adults registered in CPRD Gold in January 2018, 239,279 (7.6%) were eligible for
HES linkage and had at least two of the 58 pre-specified LTC recorded in their electronic health
record. Following prevalence-based selection (25%) of 15 LTC and application of eligibility
criteria, 237,156 individuals were included in the cluster analysis (Table 1 and Additional file
1: Table S1).

The distribution of demographic characteristics for the overall sample, stratified by area-level
deprivation and ethnicity, is presented in Table 1. From the total MLTC population, 25.5% and
13.2% of patients resided in the least and most deprived areas, respectively. 214,086 (90.3%)
were “White”, 5,368 (2.3%) were “Black”, and 10,395 (4.4%) were “Asian”. Overall, 57.7% of
patients were female, with a mean age of 60.2 years.

When stratified by area-level deprivation, sex distribution was similar whilst mean age was
higher among patients from the least deprived areas (63 years) compared with those from the
most deprived areas (56 years). Moreover, patients from the least deprived areas were mostly
White (94%), whereas this proportion was lower in the most deprived areas (79%).

Across ethnic groups, the mean age was higher for White patients (60 years) than for Asian
(55 years) or Black (54 years) patients. Female comprised the majority of multimorbid
individuals across all groups, with the highest proportion observed in the Black population
(63%).

Asian and Black populations were mostly from greater socioeconomically deprived areas, with
27% and 49%, respectively, living in the most deprived Townsend quintile. In contrast, a higher

proportion of White patients (27%) belonged to the least deprived Townsend quintile.

11
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Table 1. Summary characteristics of patients with 22 long-term conditions, for the overall and stratified by quintiles of area deprivation and ethnic groups

Overall Socioeconomic area deprivation Ethnicity
. o . .
Characteristic, n (%) N=237,156 Least Deprived (n=60,590) Most deprived (n=31,187) (n=\2I1r:ll,t§86) Black (n=5,368) (nfli;,a;%)
Age, mean (SD) 60.2 (17.2) 62.8 (16.5) 56.4 (17.4) 60.7 (17.3) 54.3 (15.0) 54.8 (16.1)
Age into categories
18-39 years | 31,834 (13.4) 5,738 (9.5) 5,851 (18.8) 27,842 (13.0) 817 (15.2) 1,879 (18.1)
40-49 years | 30,443 (12.8) 6,510 (10.7) 4,841 (15.5) 26,012 (12.2) 1,128 (21.0) 2,237 (21.5)
50-64 years | 72,352 (30.5) 18,142 (29.9) 10,043 (32.2) 64,109 (29.9) 2,252 (42.0) 3,297 (31.7)
>65 years | 10,2527 (43.2) 30,200 (49.8) 10,452 (33.5) 96,123 (44.9) 1,171 (21.8) 2,982 (28.7)
Sex, Female 136,856 (57.7) 34,106 (56.3) 18,401 (59.0) 123,652 (57.8) 3,389 (63.1) 6,014 (57.9)
Townsend Score, mean (SD) 5.0(2.8) 1.5(0.5) 9.4 (0.5) 4.8(2.7) 7.8(2.4) 6.3 (2.9)
Townsend score into quintiles
Q1-Least Deprived | 60,590 (25.5) - - 56,822 (26.5) 275 (5.1) 1,610 (15.5)
Q2 | 50,103 (21.1) - - 46,659 (21.8) 414 (7.7) 1,509 (14.5)
Q3 | 49,826 (21.0) - - 45,879 (21.4) 575 (10.7) 1,828 (17.6)
Q4 | 45,381 (19.1) - - 39,952 (18.7) 1,453 (27.1) 2,595 (25.0)
Q5-Most deprived | 31,187 (13.2) - - 24,712 (11.5) 2,650 (49.4) 2,850 (27.4)
Missing | <0.1 - - 62 (<0.1) <5 (<0.1) <5 (<0.1)
Ethnicity
White | 214,086 (90.3) 56,822 (93.8) 24,712 (79.2) - - -
Black | 5,368 (2.3) 275 (0.5) 2,650 (8.5) - - -
Asian | 10,395 (4.4) 1,610 (2.7) 2,850 (9.1) - - -
Missing | 7,307 (3.1) 1,883 (3.1) 975 (3.1) - - -

12
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Distribution of the fifteen MLTC in the study population

The distribution of the 15 LTC for the overall and stratified by area deprivation and ethnicity
groups, is presented in Table 2. The top four most prevalent LTC included obesity (54.2%),
hypertension (45.9%), depression and/or anxiety (45.0%), and arthritis and/or osteoarthritis
(43.4%). Similar individual MLTC distributions were observed across socioeconomic and
ethnicity strata.

The prevalence of malignancy (14.8% versus 9.5%) and arthritis/osteoarthritis (47.0% versus
38.1%) was higher among patients in the least deprived areas than in those in the most
deprived areas. In contrast, the prevalence of type 2 diabetes (15.0% versus 22.1%) and
obesity (48.0% versus 62.4%) was higher among patients in the most deprived areas.

The prevalence of anaemia and type 2 diabetes was higher among patients from Black and
Asian groups compared to White ethnic group. In addition, patients from Black ethnic group
presented a higher prevalence of obesity (67.7% versus 54.2% and 48.0% among patients from

White and Asian ethic groups, respectively).

13
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Table 2. Prevalence distribution of long-term conditions (LTC) for the population with >2 conditions, stratified by area deprivation and ethnic groups

(excludes conditions with less than 5% prevalence).

Overall Socioeconomic area deprivation Ethnicity
°

e wamase | DS | Mosdeived | | White | s | S
Total, median (IQR) 3.0 (2.0-4.0) 3.0 (2.0-4.0) 3.0 (2.0-5.0) 3.0 (2.0-5.0) 3.0 (2.0, 4.0) 3.0 (2.0, 4.0)
Anaemia 40,419 (17.0) 9,507 (15.7) 6,128 (19.6) 34,728 (16.2) 1,487 (27.7) 3,303 (31.8)
Anxiety and/or depressive disorder 10,6815 (45.0) 25,212 (41.6) 14,880 (47.7) 98,742 (46.1) 1,642 (30.6) 3,289 (31.6)
Any malignant (neoplastic disease?) 30,146 (12.7) 8,993 (14.8) 2,969 (9.5) 28,846 (13.5) 357 (6.7) 561 (5.4)
Arthritis and/or osteoarthritis 102,984 (43.4) | 28,490 (47.0) 11,894 (38.1) 95,096 (44.4) 1,658 (30.9) 3,996 (38.4)
Asthma 54,532 (23.0) 12,750 (21.0) 8,039 (25.8) 49,318 (23.0) 1,050 (19.6) 2,521 (24.3)
Cardiac arrythmia 29,704 (12.5) 8,449 (13.9) 3,146 (10.1) 28,202 (13.2) 313 (5.8) 751 (7.2)
Chronic kidney disease 35,320 (14.9) 8,865 (14.6) 4,529 (14.5) 32,434 (15.1) 806 (15.0) 1,364 (13.1)
Diabetes type 2 41,647 (17.6) 9,110 (15.0) 6,890 (22.1) 35,417 (16.5) 1,381 (25.7) 3,681 (35.4)
Dyslipidaemia/hyperlipidaemia 55,568 (23.4) 13,553 (22.4) 7,986 (25.6) 50,569 (23.6) 1,031 (19.2) 2,849 (27.4)
Hearing loss 34,974 (14.7) 10,119 (16.7) 3,539 (11.3) 32,945 (15.4) 304 (5.7) 951 (9.1)
Hypertension 108,835 (45.9) | 285,66 (47.1) 13,781 (44.2) 98,770 (46.1) 2,664 (49.6) 4,445 (42.8)
Hypothyroidism 25,788 (10.9) 6,930 (11.4) 3,137 (10.1) 23,704 (11.1) 261 (4.9) 1,211 (11.6)
Insomnia 34,155 (14.4) 8,217 (13.6) 4,907 (15.7) 31,123 (14.5) 692 (12.9) 1,373 (13.2)
Obesity 128,622 (54.2) | 29,069 (48.0) 19,460 (62.4) 116,036 (54.2) 3,632 (67.7) 4,991 (48.0)
Retinal disorder 21,494 (9.1) 5,785 (9.5) 2,490 (8.0) 18,975 (8.9) 530 (9.9) 1,469 (14.1)

aNon-melanoma was excluded; IQR: interquartile range.
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Identifying clusters of patients with MLTC for overall population and by socioeconomic area
deprivation and ethnicity

A summary of the main conditions characterising each cluster of patients with MLTC identified
in the overall population and stratified by socioeconomic deprivation and ethnicity is
presented in Table 3. We identified five distinct MLTC clusters across all stratified analyses. Of
these, four were observed in the least deprived areas, three in the most deprived areas, and
three within each ethnic group.

The “high-MLTC” cluster was characterised by a high prevalence of multiple LTCs;
“inflammatory” by high prevalence of musculoskeletal disease and malignancy/ies; “mental
health” by high prevalence of depression and anxiety; “obesity” by common obesity with
lower co-occurring LTC; and “cardiometabolic” by a high prevalence of type 2 diabetes,
dyslipidaemia/hyperlipidaemia, hypertension, and obesity, and a low or very low prevalence

of all other LTCs (Table 3).
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Table 3. Clusters of the Multiple Long-Term Conditions (MLTC) among the whole population, area deprivation and ethnic subgroups

kidney disease, dyslipidaemia /
hyperlipidaemia, and
hypertension

kidney disease,
dyslipidaemia /
hyperlipidaemia, and
hypertension

cardiac arrythmia, chronic kidney
disease, dyslipidaemia /
hyperlipidaemia, and hypertension

Cluster Whole population Least Deprived Most deprived White ethnic group Black ethnic group Asn:r:;t:mc
Mainly composed of Mainly composed of Mainly composed of
cardiometabolic factors cardiometabolic factors cardiometabolic factors (diabetes
(diabetes type 23, (diabetes type 22, type 22, dyslipidaemia /
dyslipidaemia / dyslipidaemia / High prevalence in all hyperlipidaemia and hypertension, | High prevalence in all High prevalence in all
High-MLTC hyperlipidaemia and hyperlipidaemia and conditions, except mental obesity) + retinal disorder conditions, except conditions, except
hypertension, obesity) + retinal || hypertension, obesity) + health Anaemia, any malignancy, mental health mental health
disorder retinal disorder arthritis/osteoarthritis, cardiac
Anaemia, cardiac arrythmia Cardiac arrythmia and arrythmia and chronic kidney
and chronic kidney disease chronic kidney disease disease
. Mainly composed of
Mam'ly. composed O,f. arthritis/osteoarthritis + Mainly composed of
arthritis/osteoarthritis + any . . o
. any malignancy arthritis/osteoarthritis + any
malignancy ) ) ) malignancy
Inflammatory cardiac arrythmia, chronic cardiac arrythmia, chronic

Mental health

Anxiety/depression disorder,
asthma and insomnia

The remaining conditions
showed low prevalence

Anxiety/depression
disorder, asthma and
insomnia

The remaining conditions
showed low prevalence

Anxiety/depression disorder,
asthma and insomnia

The remaining conditions
showed low/very low
prevalence

Anxiety/depression disorder,
asthma and insomnia

The remaining conditions showed
low/very low prevalence

Anxiety/depression
disorder, anaemia,
asthma and insomnia

The remaining
conditions showed
low/very low
prevalence

Anxiety/depression
disorder, anaemia,
asthma and insomnia

The remaining
conditions showed
low/very low
prevalence

Obesity

Obesity?

The remaining conditions
showed low prevalence

Obesity?

The remaining conditions
showed low prevalence

Cardiometabolic

Diabetes type 2, dyslipidaemia
/ hyperlipidaemia,
hypertension and obesity

The remaining conditions
showed low/very low
prevalence

Diabetes type 23,
hypertension and
obesity

The remaining
conditions showed
low/very low
prevalence

Diabetes type 2,
dyslipidaemia /
hyperlipidaemia and
hypertension

The remaining
conditions showed
low prevalence
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285 2100% of patients in the specific cluster had the condition. Only conditions with at least 5% prevalence among patients aged 50 and over were clustered. Clusters were aligned across different
286 populations. Blank cells indicate that the conditions were not present or not clustered.
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Overall population

After evaluating the fit statistics for the LCA and upon clinical judgement, we identified four
distinct MLTC clusters in the overall population (Additional file 1: Tables S2-A, S3 and S4).
The identified clusters were: “high-MLTC” (n=32,685; 13.8%), “inflammatory” (n=77,147;
32.5%), “mental health” (n=60,783; 25.6%) and “obesity” (n=66,541; 28.1%) (Table 3 and
Figure 1).

People in the “inflammatory” cluster were oldest (mean age 71.2 years (SD:13.0)), while
people in the “mental health” cluster were the youngest group (mean 49.8 years (SD: 16.1))
(Additional file 1: Table S5). Female were overrepresented in the “mental health” cluster
(n=40,887; 67.3%) and underrepresented in the “high-MLTC” cluster (n=14,761; 45.2%).
Additionally, the “high-MLTC” and “obesity” clusters were most prevalent among patients

from Black ethnic group, and among patients from the most deprived areas.
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Figure 1 Title: Distribution of Multiple Long-term Conditions (MLTC) across clusters for the
overall population.

Figure 1 Legend: Black lines correspond to the proportion of the condition in the overall study
population.
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Least deprived areas group

A four-cluster solution was considered the optimal/final solution in the group of individuals
living in the least deprived areas (Additional file 1: Tables S2-B, S3 and S4).

The same clusters composition as for the overall population was identified: “high-MLTC”
(n=7,316; 12.1%), “inflammatory” (n=21,701; 35.8%), “mental health” (n=15,908; 26.3%) and

“obesity” (n=15,665; 25.9%) (Table 3 and Figure 2-A).
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The distribution of demographic characteristics was also similar to that seen in the overall
population, except for ethnicity which was less diverse (Additional file 1: Table S6): more than
90% of the population was from the White ethnic group, and less than 1% patients were from

Black ethnic group.

Most deprived areas group

Three clusters were found in the group of patients living in the most deprived areas based on
model fit, classification quality, parsimony, and interpretability (Additional file 1: Tables S2-C,
S3 and S4). The clusters were named: “high-MLTC”, “mental health” and “cardiometabolic”
(Table 3 and Figure 2-B). The most prevalent cluster was “mental health”, with 44% (n=13,728)
of individuals in these strata (Additional file 1: Table S7). The “high-MLTC” was more prevalent
in the oldest age group (=65 years; 75.5%), “mental health” among the youngest (18-39 years;
36.1%) and the “cardiometabolic” cluster among middle-aged group (50-64 years; 37.9%)
(Additional file 1: Table S7). The “cardiometabolic” cluster was more common among male,
and individuals from Black and Asian ethnic groups compared with the other clusters

(Additional file 1: Table S7).
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Figure 2 Title: Distribution of Multiple Long-Term Conditions (MLTC) across clusters stratified

by deprivation.

Figure 2 Legend: Black and Pink lines represent the proportion of each condition in the overall

population and in the area-specific deprivation groups, respectively. A) Least deprived

socioeconomic area (Townsend score quintile 1); B) Most deprived socioeconomic area

(Townsend score quintile 5)
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Ethnic group - White

A three-cluster solution was selected as the best/optimal (Additional file 1: Tables S2-D, S3
and S4), including: “high-MLTC” (n=32,485; 15.2%), “inflammatory” (n=82,278; 38.4%) and
“mental health” (n=99,323; 46.4%) (Table 3 and Figure 3-A).

Individuals in the “high-MLTC” and “inflammatory” clusters were older (mean age (SD): 70.4
years (13.0) and 68.5 years (13.2), respectively), while those in the “mental health” cluster
were the youngest (50.2 years (15.5)). Both the “inflammatory” and “mental health” clusters
were more common in female (n=44,014; 53.5% and n=65,409; 65.9%, respectively)

(Additional file 1: Table S8).

Ethnic group — Black

Three clusters were found in the Black ethnic group: “high-MLTC” (n =499; 9.3%), “mental
health” (n=2,054; 38.3%) and “cardiometabolic” (n=2,815; 52.4%) (Table 3, Figure 3-B and
Additional file 1: Tables S2-E, S3 and S4).

The cluster labelled as “high-MLTC” was characterised by a higher prevalence of all conditions
compared with the overall population and with the overall Black ethnic population (Figure 3-
B). The “mental health” cluster was characterised by a significant proportion of people with
diagnoses of anxiety and depression, and the “cardiometabolic” cluster by people with
diabetes type 2, hypertension, and obesity.

The characteristics of patients in the Black ethnic group, divided by MLTC clusters are
presented in Additional file 1: Table S9. The “high-MLTC” cluster had a higher proportion of
individuals aged 65 and over (n=348; 69.7%), and the “mental health” cluster was more

prevalent among female (n=1,496; 72.8%).
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Ethnic group - Asian

We identified three clusters as the best solution in this stratum. The decision was based on
model fit statistics, clinically meaningful and distribution of comorbidity patterns (Table 3,
Figure 3-C and Additional file 1: Tables S2-F, S3 and S4).

The clusters identified were: “high-MLTC” (characterised by mostly all LTC, except mental
health problems; n=1,194-11.5%), “mental health” (n=4,863-46.8%), and “cardiometabolic”
(n=4,338-41.7%) (dominated by type 2 diabetes, dyslipidaemia/hyperlipidaemia and
hypertension, and retinal disorders) (Table 3 and Figure 3-C).

The “high-MLTC” cluster had the oldest patients (mean age 71.0 years (SD:12.0)), while the
“mental health” cluster had the youngest (mean 47.0 years (SD: 14.3)) (Additional file 1: Table
S10). Female were overrepresented in the “high-MLTC” (n=662; 55.4%) and “mental health”
clusters (n=3,387; 69.6%) and underrepresented in the “cardiometabolic” cluster (n=1,965;

45.3%).
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Figure 3 Title: Distribution of Multiple Long-Term Conditions (MLTC) clusters stratified by ethnicity.

Figure 3 Legend: Black and Pink lines represent the proportion of each condition in the overall population and in the ethnic-specific groups, respectively.

A) White; B) Black; C) Asian.
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Association between MLTC clusters and risk of unplanned hospitalisation

The one-year cumulative incidence of unplanned hospitalisation ranged from 21.7% in the
obesity cluster to 33.1% in the high-MLTC cluster, with similar patterns observed across
deprivation and ethnic groups (Table 4).

The clusters “mental health” (adjusted HR 1.16 [95% Cl: 1.13-1.19]), “inflammation” (adjusted
HR 1.38 [95% Cl: 1.35-1.42]) and ‘high-MLTC’ (adjusted HR 1.69 [95% CI: 1.65-1.74]) had
increased risk of one-year unplanned hospitalisation compared with the cluster with the
lowest-risk (“obesity”) in the overall population.

The highest risk of unplanned hospitalisation was also found in the “high-MLTC” cluster across
all socioeconomic and ethnic groups. The risk was approximately doubled among patients
from most deprived areas (adjusted HR 2.06 [95% Cl: 1.94-2.18]) and among people from
Black (adjusted HR 2.15 [95% Cl: 1.83-2.54]) or Asian (adjusted HR 2.12 [95% Cl: 1.90-2.37])
ethnic groups compared with the cluster with the lowest risk within each population.

An association between the “inflammatory” cluster and unplanned hospital admission was
also observed in the least deprived areas (adjusted HR: 1.40 [95% Cl: 1.34-1.47] compared
with the “obesity” cluster) and among the White ethnic group (adjusted HR: 1.17 [95% ClI:
1.15-1.20] compared with the “mental health” cluster).

The “mental health” cluster had adjusted HRs ranging from 1.09 (95% Cl: 1.04-1.15) among
individuals from least deprived areas to 1.19 (95% Cl: 1.05-1.35) among those in the Asian

ethnic group, compared with the cluster with the lowest risk within each specific population.
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hospitalisation, overall and stratified by area deprivation and ethnic groups.

Table 4. Regression results for Multiple Long-Term Conditions (MLTC) clusters and unplanned

No. of 1-year unplanned Hazard 95%
MLTC cluster | hospitalisation/total in Ratio cenﬁdence p-value
cluster (%) interval
Overall
Obesity (ref) 14,441/66,541 (21.7) 1.00 - -
Mental health 15,483/60,783 (25.5) 1.16 1.13-1.19 <0.001
Inflammatory 21,960/77,147 (28.5) 1.38 1.35-1.42 <0.001
High-MLTC 10,813/32,685 (33.1) 1.69 1.65-1.74 <0.001
Least deprived area
Obesity (ref) 2,919/15,665 (18.6) 1.00 - -
Mental health 3,309/15,908 (20.8) 1.09 1.04-1.15 <0.001
Inflammatory 5,698/21,701 (26.3) 1.40 1.34-1.47 <0.001
High-MLTC 2,175/7,316 (29.7) 1.65 1.56-1.75 <0.001
Most deprived area
Cardiometabolic (ref) 3,470/13,223 (26.2) 1.00 - -
Mental health 4,163/13,728 (30.3) 1.10 1.04-1.15 <0.001
High-MLTC 1,973/4,236 (46.6) 2.06 1.94-2.18 <0.001
White ethnic group
Mental health problems (ref) 24,348/99,323 (24.5) 1.00
Inflammatory 22,744/82,278 (27.6) 1.17 1.15-1.20 <0.001
High-MLTC 10,401/32,485 (32.0) 1.43 1.39-1.47 <0.001
Black ethnic group
Cardiometabolic (ref) 666/2,815 (23.7) 1.00 - -
Mental health/Anaemia 588/2,054 (28.6) 1.19 1.05-1.35 0.005
High-MLTC 221/499 (44.3) 2.15 1.83-2.54 <0.001
Asian ethnic group
Cardiometabolic (ref) 977/4,338 (22.5) 1.00 - -
Mental health/Anaemia 1,225/4,863 (25.2) 1.11 1.01-1.22 0.03
High-MLTC 514/1,194 (43.0) 2.12 1.90-2.37 <0.001

Note: all models were adjusted for age and sex.
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Discussion

Summary of findings and comparison with the existing literature

This study significantly expands previous evidence in the field of MLTC by demonstrating that
clusters of patients with MLTC vary across socioeconomic deprivation and ethnic groups and
are differentially associated with unplanned hospitalisation risk, which constitutes an
important shift for intervention research, clinical agenda and resources.

A small number of consistent MLTC patterns were identified across population strata, with
“high-MLTC” and “mental health” clusters observed across all groups. However, the “high-
MLTC” clusters differed in their characteristics across socioeconomically deprived and ethnic
groups. Distinct patterns were also evident across sub-groups: the “inflammatory” cluster was
restricted to the least deprived and White ethnic populations, while an “obesity”-related
cluster was observed only in the least deprived group. In contrast, the “cardiometabolic”
cluster was only identified in socioeconomically deprived and ethnically minoritised
populations.

In addition, our study identified a strong association between membership in the “high-MLTC”
cluster and increased risk of unplanned hospital admission, especially among patients from
deprived areas and among minority ethnic groups.

These patterns may reflect cumulative exposure to structural and social determinants of
health, including socioeconomic disadvantage, earlier onset of metabolic risk factors, and
inequalities in access to preventive care. Barriers such as transport and subsistence costs,
work or caring responsibilities, and knowledge of when to seek care may limit access to
prevention and effective disease management, potentially contributing to differences in MLTC

patterns across population groups [38, 39].
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Previous systematic reviews have identified recurring clusters of MLTC that are consistently
observed across different populations, and regardless of the method used, aligning with our
findings [12, 14, 40, 41]. In particular, clusters of cardiometabolic conditions, such as
hypertension, diabetes, and cardiovascular disease are among the most commonly reported.
Similarly, mental health conditions and musculoskeletal diseases, including arthritis and
related disorders, are frequently identified as distinct clusters.

Our results are comparable to previously identified patterns of multimorbidity, highlighting
the robustness of our findings. However, comparison with other studies should be interpreted
with caution. Variations in the definition of MLTC (i.e., two or more chronic conditions), the
number and type of conditions included, data sources, settings, and clustering methodologies
make direct comparisons challenging [11].

Our results showed some disparities in MLTC across strata. Individuals from deprived areas
and minority ethnic groups were younger compared with those from more affluent areas or
from the White ethnic group. These findings are consistent with previous studies [42-44],
which showed that individuals from deprived areas tend to experience earlier onset of MLTC.
Additionally, in the Asian ethnic group, we observed a high prevalence of anaemia, which is
consistent with other studies where a higher prevalence was observed in Asians compared to

non-Asians [45, 46].

Strengths and limitations

A major strength of this study is the use of a large primary care database, with comprehensive
information on LTC, and unplanned hospital admissions among an adult population with at
least two long-term conditions throughout England. The linkage with HES data helped to

characterise the patterns of how patients with MLTC utilise healthcare resources. In addition,
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the large sample size allowed analyses stratified by area-level socioeconomic status and
ethnicity, enabling the identification of groups-specific patterns of MLTC that could inform
workforce planning, resource allocation and the provision of specialist services for both
prevention and treatment. Nevertheless, given the observational nature of this study, these
findings provide insights into the characteristics of patients with MLTC and its association with
unplanned hospitalisation but cannot establish causality. A separate manuscript focuses
specifically on estimates of the healthcare and economic burden associated with the care of
people in the clusters identified in this study and examines differences across levels of care
and patient subgroups (cross-reference to sister paper by Fabiano et. al.).

Furthermore, CPRD Gold is broadly representative of the UK population [19]. Although
analyses of hospitalisation were restricted to patients in England who were eligible for linkage
to HES, previous work has shown that CPRD-HES linked data are generally representative of
the English population, with high data completeness and strong agreement with HES [47].
Additionally, area-level socioeconomic status and ethnicity were also subject to limitations:
the components used in the Townsend index may vary in their ability to capture deprivation
across different settings and may not fully reflect individual-level socioeconomic
circumstances. Regarding ethnicity, the data may lack granularity, as broad ethnic categories
can mask important heterogeneity within groups in terms of cultural, social, and health-
profiles. Future studies require cohorts that are more diverse in ethnic and socioeconomic
backgrounds.

Finally, cluster analysis was limited to 15 highly prevalent MLTC. Although this approach
excludes less common or socially patterned conditions, potentially leading to an

underestimation of the population prevalence of MLTC, it represents the greatest population
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burden and can help with the identification of patients living with MLTC for clinical trials or

interventions.

Implications for research and clinical practice

These findings suggest that MLTC patterns are socially patterned rather than randomly
distributed, reinforcing the need to move beyond single-disease models towards cluster-
informed, equity-focused approaches to care. The observed inequalities in MLTC patterns and
complexity across socioeconomically deprived and minoritised ethnic populations suggests
that MLTC services should be explicitly designed around inequality gradients in clinical and
social need rather than average population need. This is particularly important, as population
groups experiencing more complex MLTC patterns may also face substantial barriers to
accessing and engaging with healthcare service.

For interventional research these findings are particularly relevant, as these can directly
inform the identification of high-need target groups for recruitment into personalised, needs-
based assessment and biopsychosocial interventions, which could result in more relevant
outcomes for this population, with the aim of being implemented in practice. MLTC cluster-
informed approaches can provide a pragmatic framework for stratification and targeting of
integrated support aimed at improving physical and mental health outcomes and reducing
avoidable hospital use and health inequalities. Future interventions should establish whether
targeting support according to clusters of patients with MLTC, alongside socioeconomic and
ethnic inequalities, leads to more equitable healthcare use and improved outcomes. This
could provide an important evidence base for translating MLTC cluster research into more

targeted and equitable models of care.
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Conclusions

In conclusion, our study has identified different groups of patients, each with distinct clusters
of MLTC with important implications for healthcare planning and delivery. High-burden MLTC
clusters were observed across a large primary care population, but their characteristics
differed across specific subgroups, indicating inequalities in the patterns and complexity of
MLTC among socioeconomically disadvantaged and ethnic minority populations. Distinct
MLTC clusters varied across socioeconomic and ethnic groups, including an “inflammatory”
cluster specifically in the least deprived and White ethnic populations. Several of the
identified clusters were associated with an increased risk of unplanned hospitalisation. More
effective MLTC care will require healthcare systems designed around patterns of need rather
than individual diseases, with the aim of reducing health inequalities and improving quality of

life among people living with MLTC.
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