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Abstract

Background

The population prevalence of multimorbidity (the existence of at least 2 or more long-term
conditions [LTCs] in an individual) is increasing among young adults, particularly in minority
ethnic groups and individuals living in socioeconomically deprived areas. In this study, we
applied a data-driven approach to identify clusters of individuals who had an early onset mul-
timorbidity in an ethnically and socioeconomically diverse population. We identified associa-
tions between clusters and a range of health outcomes.

Methods and findings

Using linked primary and secondary care data from the Clinical Practice Research Datalink
GOLD (CPRD GOLD), we conducted a cross-sectional study of 837,869 individuals with
early onset multimorbidity (aged between 16 and 39 years old when the second LTC was
recorded) registered with an English general practice between 2010 and 2020. The study
population included 777,906 people of White ethnicity (93%), 33,915 people of South Asian
ethnicity (4%), and 26,048 people of Black African/Caribbean ethnicity (3%). A total of 204
LTCs were considered. Latent class analysis stratified by ethnicity identified 4 clusters of
multimorbidity in White groups and 3 clusters in South Asian and Black groups. We found
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that early onset multimorbidity was more common among South Asian (59%, 33,915) and
Black (56% 26,048) groups compared to the White population (42%, 777,906). Latent class
analysis revealed physical and mental health conditions that were common across all ethnic
groups (i.e., hypertension, depression, and painful conditions). However, each ethnic group
also presented exclusive LTCs and different sociodemographic profiles: In White groups,
the cluster with the highest rates/odds of the outcomes was predominantly male (54%,
44,150) and more socioeconomically deprived than the cluster with the lowest rates/odds of
the outcomes. On the other hand, South Asian and Black groups were more socioeconomi-
cally deprived than White groups, with a consistent deprivation gradient across all multimor-
bidity clusters. At the end of the study, 4% (34,922) of the White early onset multimorbidity
population had died compared to 2% of the South Asian and Black early onset multimorbid-
ity populations (535 and 570, respectively); however, the latter groups died younger and lost
more years of life. The 3 ethnic groups each displayed a cluster of individuals with increased
rates of primary care consultations, hospitalisations, long-term prescribing, and odds of mor-
tality. Study limitations include the exclusion of individuals with missing ethnicity information,
the age of diagnosis not reflecting the actual age of onset, and the exclusion of people from
Mixed, Chinese, and other ethnic groups due to insufficient power to investigate associa-
tions between multimorbidity and health-related outcomes in these groups.

Conclusions

These findings emphasise the need to identify, prevent, and manage multimorbidity early in
the life course. Our work provides additional insights into the excess burden of early onset
multimorbidity in those from socioeconomically deprived and diverse groups who are dispro-
portionately and more severely affected by multimorbidity and highlights the need to ensure
healthcare improvements are equitable.

Author summary

Why was this study done?

o Most studies of multimorbidity focus on older adults, and only a few have investigated
multimorbidity in younger populations.
o The prevalence of multimorbidity is increasing among young adults, particularly in

minority ethnic groups and individuals living in socioeconomically deprived areas.

« There is evidence showing that individuals with socioeconomic vulnerability experience
poorer health outcomes, such as lower quality healthcare provision, premature death,
and higher mortality rates.

o The association between early onset multimorbidity and poor health outcomes in ethni-
cally and socially diverse populations in England remains underinvestigated.
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What did the researchers do and find?

o We used primary and secondary healthcare electronic health records from 837,869 indi-
viduals of White, South Asian, and Black African/Caribbean ethnicity in England with
early onset of multimorbidity who were registered with an English general practice
between 2010 and 2020.

We found that the early onset of multimorbidity was more common among minority
ethnic groups (59% and 56%, in the South Asian and Black populations, respectively)
than in the White population (42%) living in the UK.

o South Asians and Black individuals with early onset multimorbidity died earlier than
White individuals with early onset multimorbidity (52 and 48 years old in the median,
respectively, versus 61 years old).

o South Asian and Black groups were more socioeconomically deprived than White
groups, with a consistent deprivation gradient across all multimorbidity clusters. In
White groups, the cluster of individuals with the highest rates/odds of the outcomes was
more socioeconomically deprived than the cluster with the lowest rates/odds of the
outcomes.

What do these findings mean?

o Our findings emphasise the need to identify, prevent, and manage multimorbidity early
in the life course.

o Our work highlights the need to ensure that public health policies are equitable and
reach those living in socioeconomic deprivation and minority ethnic groups who are
disproportionately and more severely affected by early onset multimorbidity.

Introduction

The growing prevalence of multimorbidity—the existence of multiple long-term conditions
(LTCs) in a single individual [1]—and its burden on individual and population health has
recently led to major research investment and health policy initiatives [2,3].

While many previous studies of multimorbidity have focused on older adults [4,5], few
have investigated multimorbidity in younger populations [6,7]. Importantly, recent studies
have shown an increasing prevalence of multimorbidity in early adulthood [4,8], particularly
in ethnic minority and socially deprived populations [8-10]. Relatedly, there is evidence show-
ing that individuals with socioeconomic vulnerability experience poorer health outcomes,
such as lower quality healthcare provision, premature death, and higher mortality rates [8-10].

People living with multiple LTCs account for the majority of primary care and hospital uti-
lisation and long-term medication use. Systematic reviews from the United Kingdom [11] and
internationally [12] have shown that health service utilisation and costs tend to increase with
each additional condition in a single individual. Nonetheless, medical guidelines are centred
on the treatment of individual health conditions and often do not account for interactions
between conditions that commonly co-occur [13,14]. Likewise, increasing multimorbidity has
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been associated with an increased mortality risk, with risk higher still in some ethnic minority
groups (Pakistani, Black African, Black Caribbean, and Other Black ethnic groups) compared
to the White group [10].

A comprehensive approach to map patterns of multiple LTCs in an ethnically and socioeco-
nomically diverse population with early onset of multimorbidity is crucial to understand the
distinct and shared mechanisms that lead to disease accumulation and enable early interven-
tion and reconfigure services to meet the needs of more vulnerable groups.

The majority of studies mapping patterns of multimorbidity focus on diseases as the unit of
analysis rather than individuals [15]. However, analysing multimorbidity patterns at an indi-
vidual level enables a deeper understanding of potentially shared biological and environmental
risk factors among specific population groups and understand what similarities they share in
terms of sociodemographic profile and what LTCs are the main drivers of increased healthcare
service utilisation, long-term prescribing, and mortality.

While multimorbidity is usually defined as the presence of 2 or more LTCs, the majority of
multimorbidity research in the UK focuses on a limited set of around 40 highly prevalent
LTCs [16-21]. This approach excludes less prevalent or ethnically patterned diseases and is
likely to result in a substantial underestimate of the population prevalence of multimorbidity.
A recent systematic review also highlighted the variable and poor reporting of multimorbidity
and suggested the need for consensus-based, reproducible definitions [22].

In order to address the abovementioned limitations of existing multimorbidity research,
the aims of this study were as follows: firstly, to develop and test a consensus-derived, open-
access codelist resource for multimorbidity research with an expanded focus on all LTCs that
might contribute to multimorbidity, irrespective of prevalence, with a particular ambition that
this resource can adequately address ethnic differences in multimorbidity presentations that
may be driven by low prevalence but high impact conditions; secondly, to apply a data-driven
approach to identify patterns of LTCs in individuals with early onset of multimorbidity in an
ethnically and socioeconomically diverse multimorbid population; and thirdly, to assess ethnic
differences in the associations between clusters of individuals and 4 clinically meaningful
health outcomes: health service utilisation, long-term prescribing, years of life lost (YLL), and
mortality.

Methods

Study population and data source

We performed a cross-sectional study using the Clinical Practice Research Datalink GOLD
(CPRD GOLD), a large representative English electronic health records database [23]. We
identified a source population of individuals aged 16 years and over, registered with an English
general practice between January 1, 2010, and December 31, 2020, whose data met CPRD’s
acceptable data quality standards and who had linkage to Hospital Episode Statistics Admit-
ted-Patient Care (HES-APC) data. We also obtained linkage to Office for National Statistics
mortality data and area-level deprivation data (Index of Multiple Deprivation (IMD)).

From the CPRD GOLD source population, we selected a study population of individuals
who met the following inclusion criteria: (i) had at least 2 out of a list of 204 LTCs; (ii)
belonged to one of the following ethnic groups: White, South Asian, or Black African/Carib-
bean; (iii) had a valid date of second LTC diagnosis in order to calculate age at the onset of
multimorbidity; and (iv) had early onset of multimorbidity, defined by having the second LTC
recorded between the ages of 16 and 39 years. The selection of our source population is illus-
trated in Fig 1.
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Source population
n = 3,984,233

Y

2,814,507 (70.6%) individuals had at least 1 LTC:
2,522,278 (89.6%) had = 2 LTC (multimorbid
individuals)

292,229 (10.4%) had 1 LTC (non-multimorbid
individuals)

Y

Multimorbid individuals according to
age at onset of multimorbidity:
2,353,198 (93.3%) aged = 16 at onset
169,080 (6.7%) aged < 16 at onset

Y

Distribution of the ethnic groups in the
multimorbid population (had = 2 LTC)
aged 16 years or older at onset
n = 2,353,198
78.9% White
2.4% South Asian
2% Black or Black British
3.2% Other ethnic groups*
13.4% No ethnicity recorded

Y

Multimorbid individuals according
to selected ethnic groups
n=1,961,888
(49.2% of the source population)
71.8% White
66.5% South Asian
62.5% Black or Black British

Y

Multimorbid individuals
onset 16 to 39 years old
n = 837,869
(42.7%)

42% White
59% South Asian
56% Black or Black British

Study population
individuals with early onset
of multimorbidity

Y

Multimorbid individuals
onset after 40 years old
n=1,124,019
(57.3%)

58% White
41% South Asian
44% Black or Black British

Fig 1. Flowchart for the selection of our study population. *Other ethnic groups: Mixed and Chinese and other group.

https://doi.org/10.1371/journal.pmed.1004300.9001
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The use of CPRD data for this study was approved by the Independent Scientific Advisory
Committee for the Medicines and Healthcare products Regulatory Agency and the study fol-
lowed a pre-specific analysis plan (see S1 Protocol and S1 ChecKklist).

Identifying the multimorbid population

We used the Academy of Medical Sciences definition of multimorbidity [1], as follows: The
coexistence of 2 or more LTCs, each one of which is either (a) a physical noncommunicable
disease of long duration, such as cardiovascular disease or cancer; (b) a mental health condi-
tion of long duration, such as a mood disorder or dementia; or (c) an infectious disease of long
duration, such as HIV or hepatitis C.

Building on existing literature and previous concerns about the lack of reproducibility in
multimorbidity research, we undertook a systematic approach to operationalising this defini-
tion of multimorbidity for our study. We searched the literature for definitions of multimorbid-
ity and made comparisons between LTCs included in different studies [16,17,24-26]. We
searched existing online repositories, publications, and supplementary material for previously
built codelists. Where multiple codelists were found, we combined all the relevant codes used
by the studies to develop a baseline codelist that underwent extensive clinical review. We con-
ducted a clinical consensus exercise to further refine the set of LTCs to be included in our study
(see S1 Text for more details). Detailed information on the methods used to curate the codelists,
and the codelists themselves, are available in the MULTIPLY-Initiative online repository [27].

Using all data available from the individual’s primary care and secondary care health rec-
ords, we identified each LTC using the first relevant code ever recorded and calculated the age
at diagnosis by subtracting the year of birth from the year of diagnosis. If a condition was
never recorded, it was considered absent.

Stratification groups

To investigate whether the accumulation of LTCs over the life course in people with early
onset of multimorbidity differs by ethnicity, we stratified our analysis according to 3 following
ethnic groups—White, Black (Black African, Black Caribbean, and Black Other), and South
Asian (Indian, Bangladeshi, and Pakistani). Information on self-reported ethnicity was
obtained from primary care electronic health records as captured during registration and/or
consultation episodes [28].

Identifying clusters of individuals with early onset multimorbidity

To focus on individuals rather than diseases as the observation in the analysis, we applied latent
class analysis to identify groups of people with similar patterns of LTCs accumulation. This
approach allowed each LTC to appear in multiple subgroups of individuals, and it is more consis-
tent with clinical experience than other approaches where each LTC could belong to only one
cluster at a time. LTCs were identified using all available data in the individual’s electronic health
record, spanning from as far back as 1920 through to 2020. The latent class analysis is a person-
centred mixture modelling approach that identifies latent or unobserved classes (e.g., subpopula-
tions) within a sample based on their patterns of responses to observed variables (e.g., presence/
absence of an LTC) given by the posterior membership probabilities, which inform the probability
of an individual belonging to a certain subgroup [29]. For each latent class (e.g., subgroup of peo-
ple with similar characteristics), the average latent class probability was estimated, which indicated
the probability of the class model accurately predicting class membership for individuals [30].

For each ethnic group, we tested 2- to 10-class models (where the number of classes repre-
sents the number of possible clusters) with a maximum iteration of 1,000 using the
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poLCAParallel [31] R package and R-4.2.1. We obtained and compared the fit statistics for
each model, which, along with clinical judgement, were used to select the optimal number of
latent classes for each ethnic group (see S2 Text for more details on the model selection
criteria).

Covariables

Covariables included age in 2010, sex, and socioeconomic deprivation (IMD in quintiles, where
the first quintile represents the least deprived areas and the fifth quintile, the most deprived).

Outcomes

Outcomes included health service utilisation, long-term prescribing, YLL, and mortality. All
outcomes were captured between 2010 and 2020. Health service utilisation was defined as the
number of primary care consultations (defined by the dates of consultation with any primary
care clinician and regardless of the type of consultation), and the number of hospitalisations
(defined by the discharge dates related to admitted-patient care) recorded between 2010 and
2020. Long-term prescribing was identified as the counts of unique prescriptions per British
National Formulary (BNF) subparagraphs [32], prescribed 3 or more times per year, and it was
assessed for the period between 2010 and 2020. Mortality was assessed at the year 5 and 10 after
2010 and was based on the total number of deaths by the end of the respective periods. The YLL
were estimated using the remaining average life expectancy after becoming multimorbid and
before reaching the average life expectancy at birth of 81 years for the UK population [33].

Statistical analysis

We described the characteristics of people in our population according to their age in 2010,
age at onset of multimorbidity, sex, and socioeconomic deprivation. For each of the clusters of
individuals identified from the latent class analysis, we described the distribution of the LTCs
per cluster as well as the characteristics of the individual in each cluster according to sociode-
mographic variables, health service utilisation, YLL, and mortality.

The YLL for each ethnic group and their respective clusters of individuals were estimated
using the R library “lillies” [34], which allows the estimation of YLL according to a given condi-
tion (e.g., groups of individuals with a certain characteristic), and the calculation of confidence
intervals using bootstrapping technique.

Generalised linear models adjusted by age in 2010, sex, and deprivation quintile were esti-
mated to investigate which clusters had higher odds of mortality, greater YLL, and higher
health services utilisation over a 10-year interval. Odds ratios were estimated using logistic
regression models to investigate cluster differences in the odds of mortality by the end of the
fifth and 10th years.

Prevalence rate ratios were estimated using negative binomial regression models and zero-
inflated Poisson models to account for the overdispersion found in the number of consulta-
tions and hospitalisations and to deal with the excess of zeros found in long-term prescribing
data. For each outcome of interest, the cluster with the lowest frequency of the outcomes was
considered the reference group.

Results
Study population

From a total of 3,984,233 people in the CPRD GOLD aged 16 years and over between 2010
and 2020, 2,814,507 individuals (70.6%) had at least one of the 204 LTCs ever recorded in their
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electronic health record. We identified our multimorbid population (n = 1,961,888, 69.7%) as
those who had developed 2 or more of the 204 LTCs at age 16 years or above, and who
belonged to one of the 3 ethnic groups under investigation (Fig 1).

From the total multimorbid population, we identified 837,869 individuals with early onset
multimorbidity (16 to 39 years at onset), of whom 777,906 (93%) were White, 33,915 (4%)
were South Asian, and 26,048 (3%) were Black African/Caribbean. Early onset multimorbidity
was the most common form of multimorbidity among South Asian and Black groups (59%, n
= 33,915 and 56%, n = 26,048, respectively) in contrast with the White population (42%,

n =777,906). The median age at multimorbidity onset was 30 years for South Asian, 31 years
for Black, and 29 years for White ethnic groups. Women comprised the majority of multimor-
bid individuals in the South Asian and Black populations (70% and 73%, respectively, com-
pared to 65% in the White population). The early onset multimorbid South Asian and Black
populations were mostly from greater socioeconomically deprived areas (28% and 39%,
respectively, belonged to the most deprived IMD quintile) compared to the White population
where 21% belonged to the least deprived IMD quintile.

The median number of LTCs was higher in the White population (median = 6, IQR 4 to
10), compared to the South Asian (5, 3 to 8) and the Black populations (5, 3 to 8). By the end
of the study, 4% (N = 36,027) of the total early onset multimorbid population had died, 4% of
White, 2% of South Asian, and 2% of Black African/Caribbean. However, South Asian and
Black groups died at a younger age than White groups (median age = 52, 48, and 61 years,
respectively) (Table 1).

Clustering of multimorbid individuals

After evaluating the fit statistics for the latent class models (S2 Text) and upon clinical judge-
ment, we identified 4 clusters of individuals in the White population and 3 clusters of individu-
als in the South Asian and Black populations. Although we included all 204 LTCs in the latent
class models, throughout the paper, we discuss only the 20 most prevalent conditions in each
cluster for clarity. The prevalence for all 204 LTCs per cluster and ethnicity can be found in the
S1 and S2 Tables, respectively.

Fig 2 shows the distribution of the top 20 most prevalent LTCs across all 3 ethnic groups
and the proportion of clusters where each condition appears. Anxiety or phobia, asthma, con-
stipation, depression, dermatitis, enthesopathy, gastro-oesophageal reflux, obesity, and painful
conditions were highly prevalent LTCs that occurred in all clusters across the 3 ethnic groups.
Eight highly prevalent LTCs appeared exclusively in the White population (alcohol depen-
dence and related disease, chronic obstructive pulmonary disease (COPD), coronary heart dis-
ease (CHD), hearing loss, sinusitis, psychoactive substance misuse, urinary incontinence, and
venous or lymphatic disease); 4 highly prevalent LTCs appeared exclusively in the South Asian
population (polycystic ovarian syndrome, seborrheic dermatitis, thyroid disease, and urti-
caria); and schizophrenia was highly prevalent in the Black population only (Figs 2 and 3).

Ethnic differences in healthcare outcomes

During the 10-year period (2010 to 2020), South Asian and White groups had a higher median
number of primary healthcare consultations per individual (South Asian 80, IQR: 42 to 143;
White 75, 36 to 142), while Black groups had the lowest number of primary care consultations
in the same period (71, 36 to 127). Similarly, median number of long-term prescriptions
between 2010 and 2020 per individual was higher among South Asian (2, 0 to 5) and White
groups (2, 0 to 5) compared to Black groups (1, 0 to 4). However, the median number of hospi-
talisation episodes over the 10-year period was higher for Black groups (3, 1 to 5) compared to
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Table 1. Sociodemographic characteristics of the population with early onset of multimorbidity according to ethnic group. CPRD GOLD (2010-2020).

Ethnic groups White South Asian Black African/Caribbean Total
Total 777,906 (93) 33,915 (4) 26,048 (3) 837,869 (100)
Sex
Men 269,668 (35) 10,263 (30) 6,910 (27) 286,841 (34)
Women 508,238 (65) 23,652 (70) 19,138 (73) 551,028 (66)
Age at onset”
Median (Q1-Q3) 29 (23-34) 30 (25-34) 31 (25-35) 29 (23-34)
Agein 2010
Median (Q1-Q3) 37 (28-46) 32 (27-39) 33 (27-40) 36 (28-45)
Age at death’
Median (Q1-Q3) 61 (49-76) 52 (43-65) 48 (41-58) 61 (49-75)
IMD (quintiles) (%)
1Q (least deprived) 165,180 (21) 5,343 (16) 1,614 (6) 172,137 (21)
2Q 159,959 (21) 5,615 (17) 2,413 (9) 167,987 (20)
3Q 159,372 (21) 6,301 (19) 4,366 (17) 170,039 (20)
4Q 150,768 (19) 7,173 (21) 7,418 (29) 165,359 (20)
5Q (greatest deprived) 142,020 (18) 9,466 (28) 10,213 (39) 161,699 (19)
Consultation in 10 years
Median (Q1-Q3) 75 (36-142) 80 (42-143) 71 (36-127) 75 (36-141)
Hospitalisation in 10 years®
Median (Q1-Q3) 2(1-5) 2 (1-5) 3 (1-5) 2 (1-5)
Long-term prescribing in 10 years*
Median (Q1-Q3) 2 (0-5) 2 (0-5) 1(0-4) 2 (0-5)
Mortality
5-year mortality 12,906 (2) 194 (1) 204 (1) 13,304 (2)
10-year mortality 34,922 (4) 535 (2) 570 (2) 36,027 (4)

YLL®

Estimate (95% CI)

21.1 (21.0-21.2)

28.0 (27.0-29.2)

30.8 (29.9-31.9)

21.4 (21.2-21.6)

Remaining life expectancy

Estimate (95% CI)

31.0 (30.8-31.1)

22.0 (21.2-23.3)

18.1 (16.9-19)

31.0 (30.5-31.8)

LTCs

Median (Q1-Q3)

6 (4-10)

5 (3-8)

5 (3-8)

6 (4-9)

'Individual’s age when the second LTC was recorded.

?Individual’s age when one of the earliest occur: study end (31 December 2020) or death.

*It does not include accident and emergency attendances.

“Counts of unique BNF subparagraphs from which an individual had continuous prescribing (3 or more prescriptions that occur in a year).

SUK’s life expectancy at birth of 81 years old taken as reference.
BNF, British National Formulary; CPRD, Clinical Practice Research Datalink; IMD, Index of Multiple Deprivation; LTC, long-term condition; YLL, years of life lost.

https://doi.org/10.1371/journal.pmed.1004300.t001

White and South Asian groups (2, 1 to 5). People of Black African/Caribbean ethnicity lost more
years of life on average (30.8) than those of White (21.1) and South Asian ethnicity (28.0) after
developing early onset multimorbidity and before reaching the average of 81 years old [33].

Ethnic differences in associations between multimorbidity clusters and

outcomes

In each of the 3 ethnic groups, the clusters with the highest rates/odds of the outcomes shared
14 of the 20 most prevalent LTCs and shared their 3 leading conditions—hypertension,
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https://doi.org/10.1371/journal.pmed.1004300.9002

depression, and painful conditions (Fig 3). However, beyond these similarities, there was varia-
tion in the composition of those clusters according to ethnicity: COPD, CHD, hearing loss,
and venous or lymphatic disease were prevalent in the White group; allergic rhinitis, iron defi-
ciency anaemia, menorrhagia and polymenorrhoea, migraine, and post-traumatic stress and
stress-related disorders were prevalent in South Asian and Black groups; oesophageal ulcer
was prevalent conditions in White and South Asian groups, but not in the Black groups; and
chronic kidney disease (CKD) was highly prevalent in White and Black groups, but not in the
South Asian group (Fig 3). Descriptive sociodemographic characteristics comparisons between
the clusters with the highest rates/odds of the outcomes according to ethnic groups can be
seen in S1-53 Figs.

The clusters with the lowest rates/odds of the outcomes were relatively homogeneous across
all 3 ethnic groups and were used as the reference group in our regression models. The most
common LTCs in those clusters across all ethnicities were female infertility and male
infertility.

For the White group, the cluster with the highest rates/odds of outcomes was led by hyperten-
sion, depression, and painful conditions (cluster 4), while the cluster with the lowest rates/odds of
outcomes was led by female infertility, male infertility, and depression (cluster 1) (Fig 4). Those in
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https://doi.org/10.1371/journal.pmed.1004300.9003

cluster 4 had a greater median number of LTCs (n = 15, IQR 12 to 20) compared to those in clus-
ter 1 (6,5 to 9) (Table 2).

Compared to individuals in cluster 1, individuals in cluster 4 had over double the rate of
primary care consultation, [PRR = 2.14, 95% CI 2.12 to 2.16]; 3 times the rate of long-term pre-
scribing over 10 years [PRR = 3.15, 95% CI 3.13 to 3.17]); 5 times the rate of hospitalisation
[PRR = 5.48, 95% CI 5.45 to 5.51]); and between a 6- to 12-fold higher odds of mortality [OR
at the year 5 =5.93, 95% CI 5.2 to 6.76 and OR at year 10 = 12.03, 95% CI 11.03 to 13.13]
(Table 3). They also lost an average of 10.6 years of life after becoming multimorbid and before
reaching the UK’s life expectancy of 81 years old compared to an average of 0.4 years in cluster
1 (Table 2).

For the South Asian group, the cluster with the highest rates/odds of outcomes was led by
painful conditions, hypertension, and depression (cluster 3), while the cluster with the lowest
rates/odds of outcomes was led by female infertility, male infertility, and dermatitis (cluster 1)
(Fig 5). Individuals in cluster 3 had twice the rate of primary care consultation [PRR = 1.96,
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95% CI 1.89 to 2.03], twice the rate of long-term prescribing [PRR = 2.57, 95% CI 2.51 to 2.64],
3 times the rate of hospitalisation [PRR = 3.13, 95% CI 3.06 to 3.19], and 8 and 11 times the
odds of mortality by the end of the year 5 and 10 [OR = 8.48, 95% CI 3.06 to 23.51;

OR =10.86, 95% CI 5.71 to 20.66, respectively] compared to people in cluster 1 (Table 3). Indi-
viduals in cluster 3 lost an average of 18.5 years of life after becoming multimorbid and before
reaching 81 years old compared to an average of 0.8 years of life in cluster 1, an order of mag-
nitude greater than the same comparison in Whites (Table 2).

For the Black population, the cluster with the highest rates/odds of outcomes was led by
hypertension, painful conditions, and depression (cluster 3), while the cluster with the lowest
rates/odds of outcomes was led by female infertility, male infertility, and menorrhagia (cluster
1) (Fig 6). Compared to people in cluster 1, individuals in cluster 3 had higher rates of primary
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Table 2. Characteristics of the clusters of individuals with early onset of multimorbidity from different ethnic groups.

White
Cluster 1
Individuals in the cluster (%) 50,202 (6)
Average membership (+SD) 0.97
(+0.08)
LTC, median (1Q-3Q) 6 (5-9)
Women (%) 43,385
(86)
Age at onset of multimorbidity’, 29 (24-
median (1Q-3Q) 33)
Age in 2010, median (1Q-3Q) 37 (31-
43)
Lowest deprivation (%)> 14,099
(28)
Greatest deprivation (%)> 6,391 (13)

Consultation in 10 years, median 76 (41-
(1Q-3Q) 127)
Hospitalisation in 10 years, median | 2 (1-4)
(1Q-3Q)

Long-term prescribing in 10 years’, | 1 (0-3)
median (1Q-3Q)

5-year mortality (%) 249 (0)

10-year mortality (%) 564 (1)

YLL?, (95% CI) 0.4 (0.4-
0.5)

South Asian Black African/Caribbean
Cluster 2 |Cluster 3 | Cluster 4 Cluster 1 |Cluster 2 | Cluster 3 Cluster 1 | Cluster 2 Cluster 3

508,742 | 136,604 | 82,358 (11) | 3,963 (12) | 24,245 5,707 (17) | 2,754 (11) | 19,553 (75) | 3,741 (14)
(65) (18) (71)

0.96 0.86 0.91 (£0.14) | 0.99 0.98 0.93 (£0.12) | 0.99 0.98 (£0.07) | 0.92
(+0.1) (+0.16) (+0.05) | (+0.07) (+0.06) (+0.13)
4(3-6) 11(10-14) | 15 (12-20) | 6(4-8) |4(3-6) |14(11-17) |6(4-8) |4 (3-6) 12 (10-16)

315,058 | 111,587 | 38,208 (46) | 3,493 (88) | 16,407 3,752 (66) | 2,463 (89) | 13,967 (71) | 2,708 (72)
(62) (82) (68)

28 (22— | 30(24-35) | 33(28-37) |29(25- | 29(25- | 32(27-36) |31(27- |30(25-35) |33 (28-36)

34) 32) 34) 35)

32(25- | 45(38-52) | 55 (45-66) |32(28- |30 (26- | 45(38-53) |35(30- | 31(25-37) | 44 (38-50)
40) 37) 36) 41)

109,032 | 27,188 14,861 (18) | 713 (18) | 3,782 (16) | 848 (15) 191(7) | 1212(6) 211 (6)
(21) (20)

91,148 26,623 17,858 (22) | 1,060 (27) | 6,740 (28) | 1,666 (29) | 1,060 (39) | 7,729 (40) | 1,424 (38)
(18) (20)

57 (29- | 140 (77- | 174 (87- 84 (48- |67 (36- | 178(105- |82(46- |62 (32-105) | 158 (88—
102) 229) 292) 138) 115) 295) 133) 253)
2(1-4)  |4(2-7) 7 (4-13) 2(1-4)  |2(1-4) | 5(2-10) 2(1-5) |2(1-5) 6 (3-11)
1(0-3) | 5(2-9) 9 (5-15) 1(0-3) 1(0-3) | 9(5-15) 1(0-3) 1(0-3) 7 (3-12)
2,812(1) |1,324(1) |8,521(10) |4(0) 51 (0) 139 (2) 3(0) 73 (0) 128 (3)
6,658 (1) |3,655(3) | 24,045(29) | 10 (0) 121(0) | 404 (7) 20 (1) 167 (1) 383 (10)
75(7.3- |2625- |10.6(10.5- |0.8(0.4- |8.6(7-10) 18.5(17.1- | 1.3(0.7- |11.5(10.2- |18 (16.9-
7.6) 2.7) 10.7) 1.3) 19.8) 1.8) 13.4) 19.2)

'Individual’s age when the second LTC was recorded.

*Lowest and greatest deprivation: first and fifth quintile of the IMD, respectively.

*Counts of unique BNF subparagraphs from which an individual had continuous prescribing (3 or more prescriptions that occur in a year).

*UK’s life expectancy at birth of 81 years old taken as reference.

BNF, British National Formulary; IMD, Index of Multiple Deprivation; LTC, long-term condition; YLL, years of life lost.

https://doi.org/10.1371/journal.pmed.1004300.t002

care consultation [PRR = 1.74, 95% CI 1.67 to 1.81] and long-term prescribing [PRR = 2.34,
95% CI 2.27 to 2.41], but the magnitude of difference was less than that seen in the other ethnic
groups. However, individuals in cluster 3 had significantly greater rates of hospitalisation
[PRR = 5.47, 95% CI 5.35 to 5.6] and the highest odds of mortality by the end of the year 5
[OR =17.15,95% CI 5.39 to 54.55] and 10 [OR = 8.32, 95% CI 5.24 to 13.2]. Individuals in
cluster 3 lost an average of 18.0 years of life compared to 1.3 years in cluster 1, consistent with
the findings from the South Asian population.

We observed different associations between socioeconomic deprivation and outcomes that
further varied by ethnicity. While living in socioeconomically deprived areas was associated
with lower rates of primary care consultations for South Asians [PRR = 0.92, 95% CI 0.89 to
0.94] compared to their peers from more affluent areas, it was associated with higher rates for
Whites [PRR = 1.03, 95% CI 1.02 to 1.04] living in deprived areas compared to their wealthier
peers. However, Whites, South Asians, and Black African/Caribbean living in socioeconomi-
cally deprived areas had similarly higher rates of hospitalisations [PRR = 1.14, 95% CI 1.13 to
1.14, PRR = 1.19, 95% CI 1.17 to 1.21, and PRR = 1.38, 95%CI 1.35 to 1.42, respectively] and
long-term prescribing [PRR = 1.25, 95% CI 1.25 to 1.26, PRR = 1.20, 95% CI 1.18 to 1.23, and
PRR = 1.16, 95% CI 1.12 to 1.20, respectively] compared to their peers in less deprived areas
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Table 3. Association between the health service utilisation, mortality, and the different clusters of individuals with early onset of multimorbidity according to eth-
nic groups. All models were adjusted by sex, age in 2010, and deprivation. The clusters with the lowest impact on the outcomes were considered as references.

Consultation in 10 years

Hospitalisation in 10 years

Long-term prescribing in 10

5-year mortality OR

10-year mortality OR

PRR (95% CI)" PRR (95% CI)? years PRR (95% CI)* (95% CI1)* (95% CI1)*
White
Cluster of individuals
Cluster 1 1 1 1 1 1
Cluster 2 0.86 (0.85-0.87)*** 0.93 (0.92-0.93)*** 0.93 (0.92-0.94)*** 1.29 (1.14-1.48)*** | 1.36 (1.24-1.48)***
Cluster 3 1.72 (1.7-1.73)*** 2.01 (1.99-2.02)*** 2.1 (2.08-2.11)*** 1.14 (1-1.31)* 1.49 (1.36-1.63)***
Cluster 4 2.14 (2.12-2.16)*** 5.48 (5.45-5.51)*** 3.15 (3.13-3.17)*** 5.93 (5.2-6.76)*** 12.03 (11.03-13.13)

sk

Sex
Male (ref.) 1 1 1 1 1
Female 1.24 (1.24-1.25)%** 1.24 (1.24-1.25)%** 1.08 (1.08-1.09)*** 0.76 (0.73-0.79)*** | 0.83 (0.81-0.85)***
Age in 2010 1.01 (1.01-1.01)*** 0.98 (0.98-0.98)*** 1.01 (1.01-1.01)*** 1.07 (1.06-1.07)*** 1.06 (1.06-1.06)***
Socioeconomic

deprivation levels*

Lowest deprivation (ref.)

1

1

1

1

1

Greatest deprivation

1.03 (1.02-1.04)***

1.14 (1.13-1.14)***

1.25 (1.25-1.26)%**

1.98 (1.87-2.1)***

2.02 (1.95-2.11)***

South Asian

Cluster of individuals

Cluster 1 1 1 1 1 1

Cluster 2 0.89 (0.87-0.91)*** 0.95 (0.93-0.97)*** 0.98 (0.96-1)* 1.76 (0.63-4.89)* 1.66 (0.87-3.18)*
Cluster 3 1.96 (1.89-2.03)*** 3.13 (3.06-3.19)*** 2.57 (2.51-2.64)*** 8.48 (3.06-23.51)*** | 10.86 (5.71-20.66)***
Sex

Male (ref.) 1 1 1 1 1

Female 1.24 (1.22-1.27)%** 0.99 (0.97-1.00)** 1.05 (1.03-1.06)*** 0.4 (0.3-0.54)*** 0.41 (0.34-0.49)***
Age in 2010 1.01 (1.01-1.01)*** 0.99 (0.99-0.99)*** 1.02 (1.02-1.02)*** 1.06 (1.04-1.07)*** | 1.06 (1.05-1.07)***
Socioeconomic

deprivation levels*

Lowest deprivation (ref.)

1

1

1

1

1

Greatest deprivation

0.92 (0.89-0.94)***

1.19 (1.17-1.21)***

1.20 (1.18-1.23)***

1.07 (0.7-1.64)*

1.14 (0.87-1.51)*

Black African/Caribbean

Cluster 1 1 1 1 1 1

Cluster 2 0.85 (0.82-0.88)*** 0.93 (0.91-0.95)*** 0.92 (0.89-0.95)*** 3.52 (L1-11.21)%* | 1.2 (0.75-1.92)*

Cluster 3 1.74 (1.67-1.81)*** 5.47 (5.35-5.6)*** 2.34 (2.27-2.41)*** 17.15 (5.39-54.55) | 8.32 (5.24-13.2)***
*okk

Sex

Male (ref.) 1 1 1 1 1

Female 1.27 (1.24-1.30)*** 1.01 (1.00-1.03)*** 1.03 (1.01-1.05)*** 0.51 (0.38-0.67)*** | 0.49 (0.41-0.59)***

Age in 2010 1.01 (1.01-1.02)*** 0.98 (0.98-0.98)*** 1.01 (1.01-1.02)*** 1.05 (1.04-1.06)*** | 1.05 (1.04-1.06)***

Socioeconomic

deprivation levels*

Lowest deprivation (ref.)

1

1

1

1

1

Greatest deprivation

0.98 (0.94-1.02)*

1.38 (1.35-1.42)***

1.16 (1.12-1.20)***

1.03 (0.58-1.84)*

1.46 (0.98-2.18)*

! Prevalence Rate Ratios for the coefficients of the negative binomial regression (Overdispersion was found in the outcome variable).

% Prevalence Rate Ratios for the coefficients of the zero-inflated Poisson regression (Overdispersion was found in the outcome variable with an excess of zeros).

* Odds Ratio for the coefficients of the logistic regression.

*p>0.05
*p < 0.01
% <0001

* Lowest and greatest deprivation: 15" and 5 quintile of the Index of Multiple Deprivation, respectively.

OR, odds ratio; PRR, prevalence rate ratio.

https://doi.org/10.1371/journal.pmed.1004300.t003
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https://doi.org/10.1371/journal.pmed.1004300.9005

(Table 3). These associations assume that the other covariables in the regression model are
held constant.

Discussion

Our findings show that in a large, multimorbid UK population, approximately 40% developed
multimorbidity early (aged 16 to 39 years). Black and South Asian populations were more
likely to become multimorbid early as compared to Whites. We built on these findings to dem-
onstrate the impact of early onset multimorbidity using measures of healthcare utilisation (pri-
mary care consultations, hospitalisation), long-term prescription use, mortality, and YLL. In
doing so, we have demonstrated for the first time that South Asian and Black groups with early
onset multimorbidity died younger and lost more years of life once they become multimorbid
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compared to the White group. Although it is well established that multimorbidity increases
with age [4,7,35], we show that multimorbidity is highly prevalent in younger populations and
disproportionately affects minority ethnic and socially deprived groups, highlighting the need
for early interventions to prevent and manage multimorbidity in those populations.

To our knowledge, this is the first study to investigate early onset of multimorbidity and its
variation by ethnicity in a large UK population-based sample. By applying a data-driven
approach across multiple LTCs, and combining this with measures of healthcare utilisation,
mortality, and YLL, we have built new understanding of the burden and impact of early onset
multimorbidity at a population scale. Our findings provide important justification to improve

the prevention, recognition, and management of multimorbidity in young and diverse
populations.
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Our observation that the Black population with early onset multimorbidity has the lowest
rate of primary care consultations and long-term prescriptions but higher rates of hospitalisa-
tion and mortality compared to South Asian and White groups suggests that a lack of routine
care could underlie these worse outcomes. However, similar to the Black population, South
Asian groups had higher mortality and YLL than the White group yet had the highest rate of
primary care consultations across all groups. These findings highlight the importance of
understanding the complex relationship between ethnicity, access to and uptake of healthcare
in order to improve outcomes from multimorbidity. Previous reports [36-41] have suggested
that structural racism may play a role in explaining poorer health outcomes for certain groups
within the UK—highlighting less positive experiences of care, insufficient support from local
services, poorer treatment outcomes, and a lack of confidence in self-management of multi-
morbidity among minority ethnic groups compared to White groups [36-41], which is likely
to contribute to inequalities in the effective identification and management of multimorbidity,
resulting in higher mortality and YLL.

We highlighted important differences in outcomes within ethnic groups associated with
deprivation. South Asian people living in areas of high socioeconomic deprivation had lower
rates of primary care consultations, but higher rates of hospitalisation and long-term prescrib-
ing than their peers living in more affluent areas. Black groups living in areas of high socioeco-
nomic deprivation had higher rates of hospitalisation and long-term prescribing than their
peers living in more affluent areas. In contrast, White groups with high socioeconomic depri-
vation had higher rates of consultation, hospitalisation, and long-term prescribing than their
peers from affluent areas. Previous studies show that people with multimorbidity living in
more deprived areas may receive poorer quality healthcare represented by shorter consultation
times, poorer patient-centeredness, and lower perceived GP empathy compared to those living
in more affluent areas [36,42]. These findings demonstrate the intersecting influences of eth-
nicity and socioeconomic deprivation that require action from clinical and public health sys-
tems to tackle upstream determinants of health that contribute to these stark inequalities and
poor outcomes from multimorbidity.

Mortality for Black individuals in the cluster led by hypertension, painful conditions, and
depression (cluster 3) was greater by the end of year 5 than by the end of year 10. This may
suggest a survivor effect in which individuals with more severe health conditions do not reach
older ages. Differences in socioeconomic deprivation did not explain the mortality differential
between clusters of South Asian and Black individuals. This may be due to the similar distribu-
tion of socioeconomic deprivation across all clusters in those ethnic groups, which was differ-
ent from the White group, where those in the cluster with highest rates/odds of the outcomes
had greater levels of socioeconomic deprivation than those in the cluster with lowest rates/
odds of the outcomes.

Our comprehensive inclusion of 204 LTCs and the application of data-driven approaches
allowed us to generate unique insights into the early onset of multimorbidity, and the contri-
bution of conditions with varied prevalence, e.g., by ethnicity, which are excluded from most
other multimorbidity studies (e.g., sickle cell disease, chronic viral hepatitis, polycystic ovarian
syndrome, thalassemia). By linking clusters of LTCs to clinically important outcomes, we were
able to identify clusters of multimorbid individuals with the highest frequency of primary and
secondary care consultations, long-term prescribing, greater YLL, and greater mortality. These
clusters in each ethnic group showed some similarities: They largely comprised older people
living in areas of high socioeconomic deprivation. Common to all clusters with the highest
rates/odds of the outcomes were a range of high prevalence physical and mental health condi-
tions, including hypertension, depression, painful conditions, type 2 diabetes, and anxiety.
However, ethnic differences between them were observed. The cluster with the highest rates/
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odds of the outcomes in White individuals comprised predominantly men and included con-
ditions not observed in similar clusters in South Asian and Black groups: COPD, CHD, CKD,
hearing loss, and venous or lymphatic disease. In contrast, the clusters with the highest rates/
odds of the outcomes in Black and South Asian groups were predominantly comprised of
women and included conditions not seen in Whites: allergic rhinitis, iron deficiency anaemia,
menorrhagia and polymenorrhoea, migraine, and post-traumatic stress disorder.

Differences in health service use and long-term prescribing associated with multimorbidity
may be related to the combination of conditions that lead one to seek healthcare as well as hav-
ing potentially manageable and resolvable conditions. In addition, individuals with a given
LTC are more likely to seek healthcare services, which may result in multiple LTCs being
detected over time [12]. Furthermore, the number of LTCs identified may be related to the
duration of an individual’s data linkage (and, therefore, follow-up time) length of the individu-
als’ follow-ups and age, as individuals with longer follow-up time and older ages have had time
and opportunity to have their health-related conditions detected.

Guidelines in the UK that address and manage multimorbidity do not yet include guidance
for managing the accumulation of LTCs in individuals with an early onset, nor bring guidance
on targeted healthcare for minoritized ethnic groups or socioeconomically deprived groups at
high premature risk for poorer health outcomes such as hospitalisation and premature mortal-
ity [43]. Public health policies that aim to reduce multimorbidity should be applied in younger
populations and, although universal, should increase targeting towards minority groups and
the more socioeconomically disadvantaged population.

Strengths and limitations

The major strength of our study is the large scale of the population studied and the application
of data-driven analyses across a robustly defined set of 204 LTCs, building significantly on the
existing evidence base. The strength of this approach has enabled us to ensure thatwe represent
diseases that may be ethnically patterned and which may contribute differently to the signifi-
cant burden of early onset multimorbidity. Our approach elucidates early onset clusters of
multimorbidity that confer particularly high rates/odds of poor outcomes, and the identifica-
tion of these provides a rationale for developing improved clinical pathways for the prevention
and management of multimorbidity.

Our analysis focused on patients rather than diseases as the unit of analysis allowing for a
deeper understanding of patient groups that share patterns of conditions and may provide
essential information for the development of clinical guidelines and pathways of care.
Although there is no “gold standard” on the selection of multiple LTCs for multimorbidity
studies, we have shown that multimorbidity definitions can be operationalised in electronic
health records, and our efforts have contributed to enhancing robust reproducible
methodology.

There are some limitations of our work. The cross-sectional study design is susceptible to
reverse causality, which occurs when the exposure and outcome are measured at the same
point in time, and there is no clarity about which event occurred first. In our study, the expo-
sure (clusters of LTCs) was measured at any time up to 2020, and the outcomes were measured
between 2010 and 2020. Although around 79% of the exposure (e.g., diagnosis of the LTCs)
occurred before 2010, we cannot be certain about the temporality of the events—whether all
clusters were developed before or after the episodes of consultations, hospitalisations, and
long-term prescribing. Despite the uncertainty of those events’ temporality, it is likely that
those events are interconnected considering that a LTC diagnosis might be ascertained over a
consultation or hospitalisation and the use of long-term prescribing may occur to treat a given
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health condition. Residual confounding may be present as there are likely to be other unmea-
sured factors underlying the association between multimorbidity and poorer outcomes that we
were unable to study in our analysis (e.g., educational level and aetiological factors). Another
limitation is that 13.4% of the multimorbid population had no ethnicity recorded and may be
inherently different (likely to have nonrandom missing data) and have poorer health than
those with an ethnic group recorded [44]. Besides, other ethnic groups were not included in
the analysis, for example, Mixed and Chinese or other group. The reason was the small popula-
tion size within those ethnic group that fulfilled our study eligibility criteria, resulting in inade-
quate power to derive robust clusters of multimorbidity and examine associations with health
outcomes and mortality.

There are some limitations intrinsic to the use of electronic health records. The health con-
ditions selected might be subject to misclassification due to unrecorded, miscoded, and undi-
agnosed diseases. The age of onset might not reflect the actual age at which a given condition
was diagnosed, but the date when it was entered in the patient’s medical record. Additionally,
the number of LTCs identified is related to the use of the healthcare service, as well as the dura-
tion of data availability within their electronic health records. Individuals with data recorded
for longer periods have had time and opportunity to have multimorbidity detected. Finally,
there may be a time-related bias in the LTCs coding given that we included any diagnosis code
ever recorded and therefore, there are fewer codes being recorded particularly prior to late
1990 when 96% of the general practices were using computerised record systems [45].

Conclusions

Early onset multimorbidity is the most common form of multimorbidity among minority eth-
nic populations in the UK. Across ethnicities, the clusters with highest rates/odds of the out-
comes were common in more socioeconomically deprived individuals and contained several
common long-term physical and mental health conditions including hypertension and depres-
sion. However, they also demonstrated variability between ethnic groups by sex and condi-
tions. It is likely that the worse outcomes from early onset multimorbidity in minority ethnic
and socioeconomically deprived groups may, in part, be due to receiving poorer routine
healthcare. These findings emphasise the need to identify, prevent, and manage multimorbid-
ity early in the life course. Most health systems remain focused on single disease management,
and our findings add further weight to calls to restructure healthcare provision to do so. Our
work provides additional insights into the need to ensure these healthcare improvements are
equitable and reach those from socioeconomically deprived and diverse groups who are dis-
proportionately and more severely affected by multimorbidity.
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