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Abstract

Background Multimorbidity is the coexistence of two or more chronic diseases, and in older adults is more common
which can lead to increased rates of hospitalisation and health care. Therefore, this review aims to identify the varia-
tions in multimorbidity measurement in studies evaluating hospitalisation in older adults.

Methods A systematic review was conducted using a comprehensive database search in the PubMed, Embase,

and Scopus databases, and included papers that used multimorbidity to evaluate hospitalisation in later life (PROS-
PERO register: CRD42021229328). Studies that employed multimorbidity measures with a simple count, weighted
indices, Latent Class Analysis, Adjusted Clinical Groups System, Chronic Disease Score or Cumulative Index lliness Rat-
ing Scale were included. There was no restriction of language and year of publication of the studies included.

Results This review included 39 articles and was reported according to the PRISMA methodology. Analysing the vari-
ations in multimorbidity measurement related to hospitalisation in older adults we found a wide range of number

of diseases, from 6 to 40, however, most of them utilised from 10 to 14 diseases. Regarding the data source, 56%

of studies used self-reports, and 77% the disease count as a measure to assess multimorbidity.

Conclusions This review revealed enormous heterogeneity in the number and type of diseases and diverse meth-
odological criteria applied in studies that assessed multimorbidity associated with hospitalisation in older adults.
Furthermore, the disease group most used in the studies was those of the circulatory system and the five diseases
frequently included were diabetes, hypertension, cancer, stroke, and coronary heart disease.

Trial registration PROSPERO: CRD42021229328.
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Introduction

Multimorbidity is commonly defined as the coexistence
of two or more chronic diseases in the same individual
[1]. It could include physical and mental health conditions
as well as continuous disorders such as learning difficul-
ties, complex symptoms like chronic pain, and substance
misuse [2]. Increases in life expectancy have resulted in
higher multimorbidity estimates in older adults. A study
in Spain found that seven out of ten individuals aged 65
and older had two or more chronic diseases [3] while a
systematic review showed that multimorbidity affects
more than half of older adults worldwide [4]. Conse-
quently, healthcare utilisation and hospitalisation levels
have increased considerably [5].

There are several measures available to define multi-
morbidity that use different variables to create a score
or index aiming to investigate diverse outcomes [6]. The
most frequent approaches are the disease simple count,
Charlson Comorbidity Index [7], Cumulative Illness Rat-
ing Scale [8], Adjusted Clinical Groups System [9], Clus-
ter Analysis [10] and Latent Class Analysis [11], among
others. Disease simple count is the most utilised method
in multimorbidity research. It uses a diverse list of
chronic conditions to identify how many of these condi-
tions affect the same individual. This information is then
analysed as a covariate to predict various outcomes such
as mortality [12]. However, there is a great measurement
of heterogeneity in the assessment of multimorbidity due
to the lack of agreement on the number and type of dis-
eases [13, 14] and lack of clarity of the selection criteria
used to choose them in most studies [15]. Moreover, data
sources vary i.e. self-reports, physician reports, medi-
cal records, or administrative data [17-19]. Generally,
medical records and administrative data classify diseases
according to the International Classification of Disease
(ICD). However, the ICD is not applied in interviews and
questionnaires, as diseases are presented to be intelligible
to participants [16].

Currently, there is no consensus on the measures to
define multimorbidity concerning methods, numbers
and types of diseases, as well as data sources. Therefore,
research on multimorbidity is challenging especially
when a study aims to analyse its occurrence and associa-
tion with various outcomes. This lack of consensus also
hinders the comparison of results from different studies
and the performance of a meta-analysis.

This systematic review is one of the earliest instances
that we are aware of that identifies the diseases most fre-
quently reported and evaluates the criteria used in multi-
morbidity research on hospitalisation in older adults. For
this reason, this systematic review aims to verify simi-
larities and disparities of the evidence on multimorbid-
ity and hospitalisation focusing on the list and number
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of diseases, the existing assessment instruments, data
source, and common diseases to evaluate multimor-
bidity among older adults. This age group was selected
because multimorbidity affects over 50% of older adults
globally and it has higher hospitalisation levels [18, 19].
This review also raises awareness of the main instru-
ments used to study multimorbidity and hospitalisation
in later life and the importance of having a consensus to
define multimorbidity to facilitate both the understand-
ing and comparison of outcomes. Thus, the purpose of
this review is to identify how multimorbidity is measured
in studies evaluating hospitalisation in older adults.

Methods

Protocol and registration

The reporting of this systematic review was guided by
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) standards of quality [20].
The PECO framework [21] (Population, Exposition,
Comparator and Outcome) was adopted as follows: “P”
(older adults), “E” (multimorbidity), “C” (similarities
and disparities in the studies) and “O” (hospitalisation).
A protocol was developed and registered in PROS-
PERO (International Prospective Register of Systematic
Reviews) (CRD42021229328). This registration number
was used for this systematic review and another review
entitled “Association between multimorbidity and hos-
pitalisation in older adults: systematic review and meta-
analysis” [22] that demonstrated an increased occurrence
of hospitalizations and readmissions in older adults with
multimorbidity. This review focused on the criteria used
to measure multimorbidity in studies that connect mul-
timorbidity to hospitalization. Further details may be
found in the systematic review study protocol [23].

Eligibility criteria and search strategy

The search was performed on PubMed, Embase and Sco-
pus databases. In order to encompass all papers on this
issue, we used mesh terms along with appropriate key-
words such as multimorbidity, hospitalization, and older
adults. There were no restrictions on the language or year
of publication of the included research, and publications
published from 15 December 2020 up to April 30, 2021
were examined.

The following inclusion criteria were applied in this
review: (a) case—control, cohort, and cross-sectional
studies; (b) multimorbidity definition as the presence
of>2 and/or >3 chronic conditions in the same person;
(c) multimorbidity measure using a simple count from
various lists of chronic conditions; weighted indices as
Charlson Index, as well as Cluster Analysis, Latent Class
Analysis, Adjusted Clinical Groups System, Chronic Dis-
ease Score or Cumulative Index Illness Rating Scale, etc.;
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(d) outcomes that included hospitalisation, length of stay
and readmission; (e) participants with age equal or over
60 years.

Exclusion criteria included review articles, ecological
studies, case reports or case series, randomised clinical
trials, and studies with missing, duplicate, or unavail-
able data even after contacting the authors. Studies that
evaluated index disease (such as cancer, heart disease, or
depression) or did not present the morbidities list consid-
ered in the study were also excluded. Therefore, studies
focused on indigenous population were excluded as well
as other age ranges, except if data related to older adults
could be stratified.

Review process

The search strategy was developed by two independent
authors (ATOR and LPR) and duplicated studies were
excluded using the Mendeley software. The authors read
the titles and abstracts of all articles, those which were in
accordance with the eligibility criteria were read in their
entirety by the authors. The Rayyan software [24] was
used in this process. Those studies considered eligible
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were included in the systematic review and available
data extracted. If important data from some articles were
unavailable, one of the authors contacted the respective
researcher for clarification. Disagreements were dis-
cussed and resolved by a third reviewer (EAS). Figure 1
illustrates the PRISMA flowchart for the review process.

Data extraction and quality assessment

Data were extracted from articles, then, they were
inserted in a standardised form prepared by the authors
including Author/Year, Disease List, Data Source/Instru-
ments and Measure used to assess multimorbidity.

The Downs & Black Scale was used to evaluate the risk
of bias during the study selection process. Studies were
deemed to have a low probability of bias if their ratings
were greater than 70%. The quality of the evidence was
assessed using the Grading of Recommendations, Assess-
ment, Development and Evaluations (GRADE). High
quality (four full circles), moderate quality (three filled
circles), low quality (two filled circles), and extremely
low quality (one filled circle) were the grades assigned
to the quality in each investigation. The evaluation of
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observational studies starts with two circles, and some
factors—like the possibility of bias, imprecision, incon-
sistency, indirectness, and publication bias—may lower
the quality of the evidence. On the other hand, if the
effects are significant and all biases understate the effect
or if there is a dose—response gradient, the quality of the
evidence may improve (more full circles). The detailed
process of evaluation quality of the articles for this sys-
tematic review may be found in previous publication [22].

Results

In an initial search 6,948 articles were identified, out of
which 4,270 articles remained after exclusion of dupli-
cates. After applying the eligibility criteria, 288 were
selected to be read in their entirety. Next, 249 articles
were further excluded: 212 were not related to the theme,
11 applied other study designs, 10 used different popula-
tions, 9 comprehended other publication types, and 7 did
not present disease list. Finally, 39 articles were included
in the systematic review (Fig. 1). Considering the division
by continent (Table 1), the following were identified: 10
studies in America, including 7 in North America [25-
31] and 3 in South America [32-34]; 14 in Europe [35—
48]; 11 in Asia [49-59]; 3 in Oceania [60—62]; and 1 used
two different continents [63].

Regarding the variations in multimorbidity meas-
urement we found a wide range of diseases used in the
studies, the 10 most frequently diseases included were
(Table 2): diabetes (in 38 of the 39 studies), hypertension
(in 36 of the 39 studies), cancer (in 34 of the 39 studies),
stroke (in 33 of the 39 studies), coronary heart disease (in
32 of the 39 studies), rheumatoid arthritis (in 31 of the 39
studies), asthma (in 30 of the 39 studies), Alzheimer’s dis-
ease (in 26 of the 39 studies), obstructive pulmonary dis-
ease (in 26 of the 39 studies), chronic kidney disease (in
24 of the 39 studies) (Table 2). However, some diseases
were mentioned in only one article: allergy [46], anorexia
[55], burn [39], cardiomyopathy [49], coagulopathy [30],
congenital cardiovascular anomaly [39], constipation
[55], digestive disease [52], disability [38], diverticular
disease of the intestine [55], electrolyte disorders [30],
endocrine disease [30], edentulism [47], filariasis [59],
gastritis [38], drug abuse [30], hip fracture [44], hypo-
tension [44], irritable bowel syndrome [55], learning dis-
ability [55], liver cirrhosis [59], mental retardation [39],
organ damage [28], painful condition [55], psychoactive
substance misuse [55], systemic lupus erythematosus
[45], temporomandibular joint dysfunction [59], urologic
disease [30], and weight loss [30]. Concerning the selec-
tion of diseases included in the studies about multimor-
bidity, 8 papers [28-30, 40, 42, 45, 55, 60] based their
choice on ICD-9 or ICD-10, an International Code of
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Disease developed to promote the comparability of mor-
bidity and mortality statistics between different countries
[64].

The diseases identified in the selected studies were
further grouped into systems according to the ICD-10
(Table 3). The following systems were the most preva-
lent: circulatory, endocrine, nutritional, and metabolic,
musculoskeletal system and connective tissue, and res-
piratory system. On the other hand, five diseases were
less referenced: diseases of the eye and adnexa, certain
infectious and parasitic diseases, diseases of the ear and
mastoid process, diseases of the blood and blood-form-
ing organs and certain disorders involving the immune
mechanism, and diseases of the skin and subcutaneous
tissue (Table 3).

The number of diseases included in the list of the stud-
ies ranged from 6 [41, 62] to 40 [55] as most of them used
11 to 14 diseases (26%) [32, 37, 42, 43, 46, 47, 51-53,
57, 61, 63], and 10% listed 30 or more [30, 40, 45, 55].
Regarding data sources to assess multimorbidity the fol-
lowing were employed: self-report (56%), administrative
data (31%) and, medical report (13%). In the categories
from 6 to 14 and 11 to 15 diseases, the data source fre-
quently used was self-report, 15 to 19 was administrative
data, 20 to 30 and > 30 disease was medical report (Fig. 2).

The measures adopted to assess multimorbidity found
in review were Disease Count (30 articles), ACG system
(1 article), Cluster Analysis (4 articles) [39, 41, 48, 63],
Latent Class Analysis (3 articles) [32, 38, 47], Charlson
Comorbidity Index (2 articles) [39, 45]), and Cumula-
tive Illness Rating Scale (1 article) [49]. It is important
to highlight that one article made use of three measures:
Disease Count, Charlson Comorbidity Index, and Cumu-
lative Illness Rating Scale [49].

Discussion

To the best of our knowledge, this systematic review is
among the first to identify the most often reported dis-
orders and assess the standards applied in multimor-
bidity studies on hospitalization among older persons.
Among the main findings, it is important to highlight the
great heterogeneity in the type and number of diseases
included in the articles and the methodological criteria
applied in research focused on multimorbidity.

Our findings showed a wide differentiation considering
the number of diseases, ranging from 6 to 40. However,
most of the studies used 10 to 14 diseases to assess multi-
morbidity. Another study that examined the definition of
multimorbidity in a population aged 18 and older found
an extensive disparity in the number of diseases, ranging
from 4 to 147 [65]. Concerning the disease type included
in this review, 91 were identified, with some of them
being mentioned in approximately 90% of the studies, as
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Table 3 Rank of diseases grouped by system according to the ICD 10

GROUPS OF DISEASES Number of studies
that used each
disease

Circulatory system diseases

hypertension/high blood pressure 36
stroke/transient ischaemic attack/cerebrovascular accident/brain infarction/intracranial bleeding 33
coronary heart disease/ischaemic heart disease/coronary artery disease/cardiac disease/heart valve disorder/cardiovascular 32
disease/valvular disease

heart failure/congestive heart failure 14
arrhythmias 9
peripheral vascular disease/peripheral arterial disease 8
atrial fibrillation 6
myocardial infarction/angina 6
hypotension 1
cardiomyopathy 1
TOTAL 146
Endocrine, nutritional, and metabolic diseases

diabetes 38
thyroid disorders/hypothyroidism 15
hyperlipidaemia 7
dyslipidaemia 6
hyperuricemia 5
hypercholesterolemia/disorders of the lipoprotein metabolism 5
obesity 4
endocrine disease 1
weight loss 1
electrolyte disorders 1
TOTAL 83
Musculoskeletal and connective tissue diseases

rheumatoid arthritis/arthritis/rheumatic diseases/joint disorder/musculoskeletal disease 31
osteoporosis/osteoarthrosis/arthrosis/bone diseases 19
osteoarthritis 11
back pain 3
painful condition 1
gout

spine problems 2
systemic lupus erythematosus 1
TOTAL 72
Respiratory system diseases

asthma/chronic respiratory disease/chronic lung disease/chronic pulmonary disease 30
obstructive pulmonary disease 25
bronchiectasis 2
chronic sinusitis/rhinitis 2
bronchitis/emphysema 2
TOTAL 61
Nervous system diseases

Alzheimer’s disease/dementia/memory-related disease 26
Parkinson's disease 11
epilepsy 7
sleep apnoea 4

multiple sclerosis 3
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Table 3 (continued)
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GROUPS OF DISEASES

Number of studies
that used each
disease

migraine

paralysis/hemiplegia/paraplegia

neurologic disease

TOTAL

Mental and behavioural disorders

depression

schizophrenia/mental disorders/personality disorder
alcohol problems/alcohol abuse

anxiety/mood disorders/bipolar disorder

stress related & somatoform disorders/affective disorders/emotional disorder
cognitive impairment

psychosis

anorexia/bulimia

drug abuse

learning disability

mental retardation

psychoactive substance misuse

TOTAL

Genitourinary system diseases

chronic kidney disease/renal disease/renal failure/chronic renal insufficiency
urinary incontinence/genitourinary diseases
urologic disease

prostate disorders/benign prostatic hypertrophy
TOTAL

Digestive system diseases

inflammatory bowel disease/chronic gastrointestinal diseases
chronic liver disease

acid related disorders/acid peptic disorder/dyspepsia
gallbladder diseases

constipation (treated)

diverticular disease of intestine

irritable bowel syndrome

liver cirrhosis

temporomandibular joint dysfunction

digestive disease

gastritis

ulcer

TOTAL

Neoplasms

cancer

TOTAL

Eye and adnexa diseases

vision problems/visual disorder/eye disease
blindness/low vision

glaucoma

cataract

TOTAL

3
2
1

53

24

N 0o o 0o

34

34

RN NN

17
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GROUPS OF DISEASES

Number of studies
that used each
disease

Infectious and parasitic diseases

HIV

tuberculosis

viral hepatitis

filariasis

TOTAL

Ear and mastoid process diseases
deafness/hearing impairment/hearing disorder
otitis/ear disease

TOTAL

Blood and blood-forming organs and immune system disorders
anaemia

coagulopathy

TOTAL

Skin and subcutaneous tisseu diseases
psoriasis/eczema/ulcers of the skin
TOTAL

Others

falls

hip fracture

allergy

burn

congenital cardiovascular anomaly
geriatric condition

disability

edentulism

organ damage

TOTAL

Ut N N V)

follows: diabetes, hypertension, cancer, and stroke. An
overview on multimorbidity in the general population
found that these four diseases were the most prevalent in
the 51 studies included [66]. Furthermore, some diseases
were counted as a single condition (i.e. cancer) while in
other cases they were counted as specific individual con-
ditions (i.e. stomach cancer). This finding is in accordance
with a systematic review that assessed multimorbidity in
the general population by using weight index and identi-
fied that the number and type of diseases varied greatly
and most of the lists did not present any criteria in the
selection of diseases [16].

Regarding the data source from which multimorbid-
ity was assessed, this review identified that most studies
used self-reports (56%), followed by administrative data
(31%) and medical reports (13%). Some studies in the
general population also identified that most data were
self-reported [12], and it is important to note that in one
of the articles, self-reports were present in 42% of the

studies [67]. Therefore, it can be concluded that studies
on the association between multimorbidity and hospitali-
sation were similar concerning the data source.

In most of the studies (77%) the disease count was the
most used measure to assess multimorbidity related to
hospitalisation, in contrast to just 2,6% that utilised the
ACG System and Cumulative Illness Rating Scale. This
is in line with a review on the population over 18 years
old that emphasised the Disease Count as the most used
method to measure multimorbidity due to its practicality,
allowing comparison between studies since they present
a similar diseases list [67]. This finding indicates similar-
ity in the methodological characteristic between studies
of multimorbidity and hospitalisation in the older adults.

Clinically, the key findings from this review sup-
port and highlight the importance of specifying how
multimorbidity is defined, specifically the criteria
applied when choosing the number and types of dis-
eases included in the list. This is significant since there
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Fig. 2 Number of diseases utilised in studies about multimorbidity measurement and hospitalisation in later life by data source type

is currently no consensus on the disease lists, which
is critical for developing models of care and recom-
mendations to manage multimorbidity [68, 69]. Some
consider chronic diseases, while others consider acute
conditions, risk factors, and body systems, regardless of
having the same outcome (hospitalisation) and popula-
tion (older adults) [4, 66, 67].

In the public health’s perspective, our review high-
lighted the importance to clarify whether the criteria
adopted for the choice of list of diseases was due to
their prevalence in the study population, severity or
continuous use of medication since these are aspects
that can influence a study’s outcome. Thus, managers
and policymakers may be encouraged to build, update,
and adopt centred-person health systems, bringing this
group’s needs to the forefront of the health system [70].

Another important point raised by this review is that
studies must clarify the reason for choosing meas-
urement instruments to assess multimorbidity, since
based on their objectives and consequent outcomes, it
is necessary to adopt an appropriate measure that will
allow to achieve accurate results. Considering all these
aspects, it will be desirable to standardise the way of
conducting research on multimorbidity and, therefore,
help researchers in the future to investigate hospitali-
sation associated with multimorbidity in later life, and,
ultimately, facilitate comparisons between studies. This
will help health care professionals in the management
of multimorbidity, since diverse expertise is required
for effective treatment of this population [68, 71].

The main characteristic of this study is the broad
database used to search for articles about the theme,
being one American, another European, and a third
one considered the largest database in scientific litera-
ture. Another point is that there were no restrictions
regarding the language and year of publication, which
enlarged the access to the articles related to the issue.
The limitation of this review is that it may not have
found all the studies that would meet the inclusion cri-
teria due to the wide variety of terms used for multi-
morbidity, although we used a wide list of descriptors
in the search strategy.

Conclusion

This systematic review revealed diverse methodologi-
cal criteria applied in the research focused on the stud-
ies of multimorbidity patterns. Evaluating these criteria,
this review verified that in relation to similarities, the
disease group most used in the studies was those of the
circulatory system, and among the five diseases fre-
quently included, the following are highlighted: diabetes,
hypertension, cancer, stroke, and coronary heart disease.
Regarding the number of diseases, most of the studies
utilised 10 to 14 diseases to assess multimorbidity, and
the most used measures and data sources were disease
count and self-report.

Considering the differences, this systematic review
revealed an enormous heterogeneity in the number and
type of diseases included in the list of the studies that
assessed multimorbidity associated with hospitalisation
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in older adults. Therefore, the results of this review sup-
port the importance of a methodological consensus in
the studies on multimorbidity, especially related to creat-
ing a standardised list of diseases to obtain accurate and
reproducible information since heterogeneity makes it
difficult to compare studies.

Abbreviations

AIDS Acquired immunodeficiency syndrome
CcC Chronic conditions

HIV Human immunodeficiency virus

ICD-9 International Code of Disease version 9

ICD-10  International Code of Disease version 10
PRISMA  Preferred Reporting Items for Systematic Reviews and
Meta-Analyses

Acknowledgements
Not applicable.

Authors’ contributions

EAS, LPR and ATdOR formulated to the conception and design of the study;
EAS, LPR, ATdOR, BPN, SRRB and CdO contributed to the methodologic
aspects; EAS, LPR, ATdOR, BPN, SRRB, and CdO wrote the systematic review;
EAS, BPN, SRRB and CdO carried out a final review of the systematic review.

Funding
This work was supported by the Economic and Social Research Council
(ESRC)—grant number ES/T008822/1.

Data availability
The data underlying this article will be shared on reasonable request to the
corresponding author.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Graduate Program in Health Sciences, School of Medicine, Federal University
of Goias, Goiania 74605-050, Brazil. 2Department of Epidemiology & Public
Health, University College London, London WCTE 6BT, UK. 3Graduate Nurs-
ing Program, School of Nursing, Federal University of Pelotas, Pelotas, Brazil.
4Department of Internal Medicine, School of Medicine, Federal University

of Goias, Goiénia, Brazil. >Postgraduate Program in Medical Sciences, Faculty
of Medicine, University of Brasilia, Brasilia, Brazil.

Received: 28 February 2024 Accepted: 17 April 2025
Published online: 07 November 2025

References

1. MacMahon S. Multimorbidity: a priority for global health research. Lon-
don, UK Acad Med Sci. 2018;(April). Available from: https://acmedsci.ac.
uk/file-download/82222577.

2. Kernick D, Chew-Graham CA ON. Clinical assessment and management
of multimorbidity: NICE guideline. Br J Gen Pr. 2017,67(658)(May):235-6.

3. Abad-Diez JM, Calderén-Larrafnaga A, Poncel-Falcé A, Poblador-Plou B,
Calderon-Meza JM, Sicras-Mainar A, Clerencia-Sierra M, Prados-Torres
A. Age and gender differences in the prevalence and patterns of

20.

21.

22.

23.

Page 30 of 32

multimorbidity in the older population. BMC Geriatr. 2014;17(14):75.
https://doi.org/10.1186/1471-2318-14-75.

Marengoni A, Angleman S, Melis R, Mangialasche F, Karp A, Garmen A,

et al. Aging with multimorbidity: A systematic review of the literature.
Ageing Res Rev. 2011;10(4):430-9.

Palladino R, Lee JT, Ashworth M, Triassi M, Millett C. Associations between
multimorbidity, healthcare utilisation and health status: Evidence from 16
European countries. Age Ageing. 2016;45(3):431-5.

Stirland Lucy E, Gonzalez Saavedra L, Mullin Donncha S, Ritchie Craig

W, Muniz-Terrera GRTC. Measuring multimorbidity beyond counting
diseases: systematic review of community and population studies and
guide to index choice. BMJ. 2020;368:1-12.

Charlson M, Szatrowski TP, Peterson J, Gold J. Validation of a combined
comorbidity index. J Clin Epidemiol. 1994;47(11):1245-51.

Groll DL, To T, Bombardier C, Wright JG. The development of a comor-
bidity index with physical function as the outcome. J Clin Epidemiol.
2005;58(6):595-602.

Sangha O, Stucki G, Liang MH, Fossel AH, Katz JN. The Self-Administered
Comorbidity Questionnaire: A new method to assess comorbidity for
clinical and health services research. Arthritis Care Res. 2003;49(2):156-63.

. Nicholson K, Nicholson K, Bauer M, Terry AL, Thind A. The multimorbidity

cluster analysis tool: identifying combinations and permutations of multi-
ple chronic diseases using a record-level computational analysis. J Innov
Health Inform. 2017;24(4):962. https://doi.org/10.14236/jhi.v24i4.962.

. Hagenaars JA, McCutcheon AL, editors. Applied Latent Class Analysis.

Cambridge: Cambridge University Press; 2002.

. Nicholson K, Almirall J, Fortin M. The measurement of multimorbidity.

Heal Psychol. 2019;38(9):783-90.

. De Groot V, Beckerman H, Lankhorst GJ, Bouter LM. How to measure

comorbidity: A critical review of available methods. J Clin Epidemiol.
2003;56(3):221-9.

. Fortin M, Stewart M, Poitras M-E, Almirall J, Maddocks H. A systematic

review of prevalence studies on multimorbidity: Toward a more uniform
methodology. Ann Fam Med. 2012;10(2):142-51.

Diederichs C, Berger K, Bartels DB. The measurement of multiple chronic
diseases - A systematic review on existing multimorbidity indices. Jour-
nals Gerontol - Ser A Biol Sci Med Sci. 2011;66 A(3):301-11.

Marengoni A, Von Strauss E, Rizzuto D, Winblad B, Fratiglioni L. The impact
of chronic multimorbidity and disability on functional decline and sur-
vival in elderly persons. A community-based, longitudinal study. J Intern
Med. 2009;265(2):288-95.

. Muggah E, Graves E, Bennett C, Manuel DG. The impact of multiple

chronic diseases on ambulatory care use; a population based study in
Ontario, Canada. BMC Health Serv Res. 2012;12:452. https://doi.org/10.
1186/1472-6963-12-452.

. van den Akker M, Buntinx F, Metsemakers JF, Roos S, Knottnerus JA.

Multimorbidity in general practice: prevalence, incidence, and determi-
nants of co-occurring chronic and recurrent diseases. J Clin Epidemiol.
1998;51(5):367-75. https://doi.org/10.1016/50895-4356(97)00306-5.
PMID: 9619963.

Nguyen H, Manolova G, Daskalopoulou C, Vitoratou S, Prince M, Prina
AM. Prevalence of multimorbidity in community settings: A system-

atic review and meta-analysis of observational studies. J Comorbidity.
2019;9:2235042X1987093.

Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, Shekelle
P, Stewart LA. PRISMA-P Group Preferred reporting items for systematic
review and meta-analysis protocols (PRISMA-P) 2015 statement. Syst Rev.
2015;4(1):1. https://doi.org/10.1186/2046-4053-4-1.

Morgan RL, Whaley P, Thayer KA, Schiinemann HJ, Morgan RL, Whaley P,
Thayer KA SH. Identifying the PECO: A framework for formulating good
questions to explore the association of environmental and other expo-
sures with health outcomes. Environ Int. 2018;121(1):1027-31. Available
from: https://doi.org/10.1016/j.envint.2018.07.015.

Rodrigues LP, de Oliveira Rezende AT, Delpino FM, Mendonga CR, Noll M,
Nunes BP, de Oliviera C, Silveira EA. Association between multimorbidity
and hospitalization in older adults: systematic review and meta-analysis.
Age Ageing. 2022;51(7):afac155. https://doi.org/10.1093/ageing/afac155.
Rodrigues LP, Rezende ATO, Moura LANE, Nunes BP, Noll M, de Oliveira

C, Silveira EA. What is the impact of multimorbidity on the risk of hospi-
talisation in older adults? A systematic review study protocol. BMJ Open.
2021;11(6):2049974. https://doi.org/10.1136/bmjopen-2021-049974.


https://acmedsci.ac.uk/file-download/82222577
https://acmedsci.ac.uk/file-download/82222577
https://doi.org/10.1186/1471-2318-14-75
https://doi.org/10.14236/jhi.v24i4.962
https://doi.org/10.1186/1472-6963-12-452
https://doi.org/10.1186/1472-6963-12-452
https://doi.org/10.1016/s0895-4356(97)00306-5
https://doi.org/10.1186/2046-4053-4-1
https://doi.org/10.1016/j.envint.2018.07.015
https://doi.org/10.1093/ageing/afac155
https://doi.org/10.1136/bmjopen-2021-049974

Silveira et al. BMC Geriatrics

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

(2025) 25:857

Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan-a web
and mobile app for systematic reviews. Syst Rev. 2016;5(1):1-10. Available
from: https://doi.org/10.1186/513643-016-0384-4.

Chamberlain AM, Rutten LJF, Jacobson DJ, Fan C, Wilson PM, Rocca

WA, Roger VL, St Sauver JL. Multimorbidity, functional limitations, and
outcomes: Interactions in a population-based cohort of older adults.

J Comorb. 2019,9:2235042X19873486. https://doi.org/10.1177/22350
42X19873486.

Wagner E, Patrick DL, Khandelwal N, Brumback L, Starks H, Fausto J,
Dunlap BS, Lober W, Sibley J, Loggers ET, Curtis JR, Engelberg RA. The
Influence of Multimorbidity on Health Care Utilization at the End of Life
for Patients with Chronic Conditions. J Palliat Med. 2019;22(10):1260-5.
https://doi.org/10.1089/jpm.2018.0349.

Gandhi K, Lim E, Davis J, Chen JJ, Sciences QH. Racial Disparities in Health
Service Utilization Among Medicare Fee-for-Service Beneficiaries Adjust-
ing for Multiple Chronic Conditions. J Aging Heal. 2018,30(8):1-17.
Ensrud KE, Lui LY, Langsetmo L, Vo TN, Taylor BC, Cawthon PM, Kilgore ML,
McCulloch CE, Cauley JA, Stefanick ML, Yaffe K, Orwoll ES, Schousboe JT;
Osteoporotic Fractures in Men (MrOS) Study Group. Effects of Mobility
and Multimorbidity on Inpatient and Postacute Health Care Utilization.

J Gerontol A Biol Sci Med Sci. 2018;73(10):1343-1349. https://doi.org/10.
1093/gerona/glx128.

Gruneir A, Bronskill SE, Maxwell CJ, Bai YQ, Kone AJ, Thavorn K, Petrosyan
Y, Calzavara A, Wodchis WP. The association between multimorbidity and
hospitalization is modified by individual demographics and physician
continuity of care: a retrospective cohort study. BMC Health Serv Res.
2016;27(16):154. https://doi.org/10.1186/512913-016-1415-5.

Whitson HE, Johnson KS, Sloane R, Cigolle CT, Pieper CF, Landerman L,
Hastings SN. Identifying Patterns of Multimorbidity in Older Americans:

Application of Latent Class Analysis. J Am Geriatr Soc. 2016,64(8):1668-73.

https://doi.org/10.1111/jgs.14201.

Lochner KA, Goodman RA, Posner S, Parekh A. Multiple chronic
conditions among Medicare beneficiaries: state-level variations in
prevalence, utilization, and cost, 2011. Medicare Medicaid Res Rev.
2013;3(3):mmrr.003.03.b02. https://doi.org/10.5600/mmrr.003.03.b02.
Garcia-Ramirez J, Nikoloski Z, Mossialos E. Inequality in healthcare use
among older people in Colombia. Int J Equity Health. 2020;19(1):168.
https://doi.org/10.1186/512939-020-01241-0.

Nunes BP, Soares MU, Wachs LS, Volz PM, Saes MO, Duro SMS, Thumé E,
Facchini LA. Hospitalization in older adults: association with multimor-
bidity, primary health care and private health plan. Rev Saude Publica.
2017;4(51):43. https://doi.org/10.1590/51518-8787.2017051006646.
Nunes BP, Thumé E, Facchini LA. Multimorbidity in older adults: magni-
tude and challenges for the Brazilian health system. BMC Public Health.
2015;15:1172.

Buja A, Rivera M, De Battisti E, Corti MC, Avossa F, Schievano E, Rigon S,
Baldo V, Boccuzzo G, Ebell MH. Multimorbidity and Hospital Admissions in
High-Need, High-Cost Elderly Patients. J Aging Health. 2020,32(5-6):259—
268. https://doi.org/10.1177/0898264318817091.

Juul-Larsen HG, Christensen LD, Bandholm T, Andersen O, Kallemose T,
Jorgensen LM, Petersen J. Patterns of Multimorbidity and Differences
in Healthcare Utilization and Complexity Among Acutely Hospitalized
Medical Patients (>65 Years) - A Latent Class Approach. Clin Epidemiol.
2020;28(12):245-59. https://doi.org/10.2147/CLEPS226586.

Luben R, Hayat S, Wareham N, Pharoah PP, Khaw K-T. Sociodemo-
graphic and lifestyle predictors of incident hospital admissions with
multimorbidity in a general population, 1999-2019: the EPIC-Norfolk
cohort. BMJ Open. 2020;10(9):e042115. https://doi.org/10.1136/bmjop
en-2020-042115.

Halonen P, Raitanen J, Jamsen E, Enroth L, Jylhd M. Chronic conditions
and multimorbidity in population aged 90 years and over: Asso-
ciations with mortality and long-term care admission. Age Ageing.
2019;48(4):564-70.

Jurevi¢iené E, Onder G, Visockiené Z, Puronaité R, Petrikonyté D,
Gargalskaite U, Kasiulevicius V, Navickas R. Does multimorbidity still
remain a matter of the elderly: Lithuanian national data analysis. Health
Policy. 2018;122(6):681-6. https://doi.org/10.1016/j.healthpol.2018.03.003.
Rodrigues AM, Gregdrio MJ, Sousa RD, Dias SS, Santos MJ, Mendes JM,
Coelho PS, Branco JC, Canhao H. Challenges of Ageing in Portugal: Data
from the EpiDoC Cohort. Acta Med Port. 2018;31(2):80-93. https://doi.
0rg/10.20344/amp.9817.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

Page 31 of 32

Olaya B, Moneta MV, Caballero FF, Tyrovolas S, Bayes I, Ayuso-Mateos JL,
Haro JM. Latent class analysis of multimorbidity patterns and associ-
ated outcomes in Spanish older adults: a prospective cohort study. BMC
Geriatr. 2017;17(1):186. https://doi.org/10.1186/512877-017-0586-1.
Collerton J, Jagger C, Yadegarfar ME, Davies K, Parker SG, Robinson L, Kirk-
wood TB. Deconstructing Complex Multimorbidity in the Very Old: Find-
ings from the Newcastle 85+ Study. Biomed Res Int. 2016,2016:8745670.
https://doi.org/10.1155/2016/8745670.

Hopman P, Heins MJ, Rijken M, Schellevis FG. Health care utilization of
patients with multiple chronic diseases in the Netherlands: Differences
and underlying factors. Eur J Intern Med. 2015;26(3):190-6. Available
from: https://doi.org/10.1016/j.ejim.2015.02.006.

Navickas R, Visockiene, Puronaite R, Rukseniene M, Kasiulevicius V,
Jurevic¢iene E. Prevalence and structure of multiple chronic conditions in
Lithuanian population and the distribution of the associated healthcare
resources. Eur J Intern Med. 2015;26(3):160-8.

Boeckxstaens P, Vaes B, Van Pottelbergh G, De Sutter A, Legrand D,
Adriaensen W, Mathei C, Dalleur O, Degryse J. Multimorbidity measures
were poor predictors of adverse events in patients aged >80 years: a
prospective cohort study. J Clin Epidemiol. 2015;68(2):220-7. https://doi.
0rg/10.1016/j.jclinepi.2014.08.010.

Bahler C, Huber CA, Briingger B, Reich O. Multimorbidity, health care uti-
lization and costs in an elderly community-dwelling population: a claims
data based observational study. BMC Health Serv Res. 2015;15:23. https://
doi.org/10.1186/512913-015-0698-2.

Kadam UT, Uttley J, Jones PW, Igbal Z. Chronic disease multimorbidity
transitions across healthcare interfaces and associated costs: a clinical-
linkage database study. BMJ Open. 2013;3(7):e003109. https://doi.org/10.
1136/bmjopen-2013-003109.

Nagga K, Dong HJ, Marcusson J, Skoglund SO, Wressle E. Health-related fac-
tors associated with hospitalization for old people: Comparisons of elderly
aged 85 in a population cohort study. Arch Gerontol Geriatr. 2012,54(2):391-
7. Available from: https://doi.org/10.1016/j.archger.2011.04.023.

Li C, Zhou R, Yao N, Cornwell T, Wang S. Health Care Utilization and
Unmet Needs in Chinese Older Adults With Multimorbidity and Func-
tional Impairment. J Am Med Dir Assoc. 2020;21(6):806-10.

Zhao Y, Atun R, Oldenburg B, McPake B, Tang S, Mercer SW, Cowling

TE, Sum G, Qin VM, Lee JT. Physical multimorbidity, health service use,
and catastrophic health expenditure by socioeconomic groups in

China: an analysis of population-based panel data. Lancet Glob Health.
2020;8(6):840-9. https://doi.org/10.1016/52214-109X(20)30127-3.

Lai FTT, Wong SYS, Yip BHK, Guthrie B, Mercer SW, Chung RY, Chung GKK,
Chau PYK, Wong ELY, Woo J, Yeoh EK. Multimorbidity in middle age pre-
dicts more subsequent hospital admissions than in older age: A nine-year
retrospective cohort study of 121,188 discharged in-patients. Eur J Intern
Med. 2019;61:103-11. https://doi.org/10.1016/j.ejim.2018.12.001.
Cheung JTK, Yu R, Wu Z, Wong SYS, Woo J. Geriatric syndromes, multi-
morbidity, and disability overlap and increase healthcare use among
older Chinese. BMC Geriatr. 2018;18(1):147. https://doi.org/10.1186/
$12877-018-0840-1.

Wang XX, Chen ZB, Chen XJ, Huang LL, Song XY, Wu X, Fu LY, Wang PX.
Functional status and annual hospitalization in multimorbid and non-
multimorbid older adults: a cross-sectional study in Southern China.
Health Qual Life Outcomes. 2018;16(1):33. https://doi.org/10.1186/
$12955-018-0864-4.

Marthias T, Anindya K, Ng N, McPake B, Atun R, Arfyanto H, Hulse ES, Zhao
Y, Jusril H, Pan T, Ishida M, Lee JT. Impact of non-communicable disease
multimorbidity on health service use, catastrophic health expenditure
and productivity loss in Indonesia: a population-based panel data analy-
sis study. BMJ Open. 2021;11(2):041870. https://doi.org/10.1136/bmjop
en-2020-041870.

Kim J, Keshavjee S, Atun R. Trends, patterns and health consequences of
multimorbidity among South Korea adults: Analysis of nationally repre-
sentative survey data 2007-2016. J Glob Health. 2020;10(2):020426.

Pati S, Swain S, Knottnerus JA, Metsemakers JFM, Van Den Akker M. Mag-
nitude and determinants of multimorbidity and health care utilization
among patients attending public versus private primary care: a cross-
sectional study from Odisha, India. Int J Equity Health. 2020;19(1):57.
https://doi.org/10.1186/512939-020-01170-y.


https://doi.org/10.1186/s13643-016-0384-4
https://doi.org/10.1177/2235042X19873486
https://doi.org/10.1177/2235042X19873486
https://doi.org/10.1089/jpm.2018.0349
https://doi.org/10.1093/gerona/glx128
https://doi.org/10.1093/gerona/glx128
https://doi.org/10.1186/s12913-016-1415-5
https://doi.org/10.1111/jgs.14201
https://doi.org/10.5600/mmrr.003.03.b02
https://doi.org/10.1186/s12939-020-01241-0
https://doi.org/10.1590/S1518-8787.2017051006646
https://doi.org/10.1177/0898264318817091
https://doi.org/10.2147/CLEP.S226586
https://doi.org/10.1136/bmjopen-2020-042115
https://doi.org/10.1136/bmjopen-2020-042115
https://doi.org/10.1016/j.healthpol.2018.03.003
https://doi.org/10.20344/amp.9817
https://doi.org/10.20344/amp.9817
https://doi.org/10.1186/s12877-017-0586-1
https://doi.org/10.1155/2016/8745670
https://doi.org/10.1016/j.ejim.2015.02.006
https://doi.org/10.1016/j.jclinepi.2014.08.010
https://doi.org/10.1016/j.jclinepi.2014.08.010
https://doi.org/10.1186/s12913-015-0698-2
https://doi.org/10.1186/s12913-015-0698-2
https://doi.org/10.1136/bmjopen-2013-003109
https://doi.org/10.1136/bmjopen-2013-003109
https://doi.org/10.1016/j.archger.2011.04.023
https://doi.org/10.1016/S2214-109X(20)30127-3
https://doi.org/10.1016/j.ejim.2018.12.001
https://doi.org/10.1186/s12877-018-0840-1
https://doi.org/10.1186/s12877-018-0840-1
https://doi.org/10.1186/s12955-018-0864-4
https://doi.org/10.1186/s12955-018-0864-4
https://doi.org/10.1136/bmjopen-2020-041870
https://doi.org/10.1136/bmjopen-2020-041870
https://doi.org/10.1186/s12939-020-01170-y

Silveira et al. BMC Geriatrics (2025) 25:857

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Mitsutake S, Ishizaki T, Teramoto C, Shimizu S, Ito H. Patterns of co-
occurrence of chronic disease among older adults in Tokyo, Japan. Prev
Chronic Dis. 2019;16:E11. https://doi.org/10.5888/pcd16.180170.

Mini GK, Thankappan KR. Pattern, correlates and implications of non-
communicable disease multimorbidity among older adults in selected
Indian states: A cross-sectional study. BMJ Open. 2017;7(3):1-6.

Picco L, Achilla E, Abdin E, Chong SA, Vaingankar JA, McCrone P, Chua HC,
Heng D, Magadi H, Ng LL, Prince M, Subramaniam M. Economic burden
of multimorbidity among older adults: impact on healthcare and societal
costs. BMC Health Serv Res. 2016;10(16):173. https://doi.org/10.1186/
512913-016-1421-7.

Shebeshi DS, Dolja-Gore X, Byles J. Unplanned readmission within 28
days of hospital discharge in a longitudinal population-based cohort of
older Australian women. Int J Environ Res Public Health. 2020;17(9):3136.
https://doi.org/10.3390/ijerph17093136.

Teh RO, Menzies OH, Connolly MJ, Doughty RN, Wilkinson TJ, Pillai A, Lum-
ley T, Ryan C, Rolleston A, Broad JB, Kerse N. Patterns of multi-morbidity
and prediction of hospitalisation and all-cause mortality in advanced age.
Age Ageing. 2018;47(2):261-8. https://doi.org/10.1093/ageing/afx184.
Wister A, Kendig H, Mitchell B, Fyffe |, Loh V. Multimorbidity, health and
aging in Canada and Australia: a tale of two countries. BMC Geriatr.
2016;16(1):163. https://doi.org/10.1186/512877-016-0341-z.

Sum G, Ishida M, Koh GCH, Singh A, Oldenburg B, Lee JT. Implications

of multimorbidity on healthcare utilisation and work productivity by
socioeconomic groups: Cross-sectional analyses of Australia and Japan.
PLoS One. 2020;15(4):1-20. Available from: https://doi.org/10.1371/journ
al.pone.0232281.

Park H, Castario J, Avila P, Pérez D, Berinsky H, Gambarte L, Luna D, Otero
C. An Information Retrieval Approach to ICD-10 Classification. Stud
Health Technol Inform. 2019;21(264):1564-5. https://doi.org/10.3233/
SHTI190536.

Willadsen TG, Bebe A, Kaster-Rasmussen R, Jarbal DE, Guassora AD,
Waldorff FB, Reventlow S, Olivarius NF. The role of diseases, risk factors
and symptoms in the definition of multimorbidity - a systematic review.
Scand J Prim Health Care. 2016;34(2):112-21. https://doi.org/10.3109/
02813432.2016.1153242.

Xu X, Mishra GD, Jones M. Evidence on multimorbidity from definition

to intervention: An overview of systematic reviews. Ageing Res Rev.
2017,37:53-68. Available from: https://doi.org/10.1016/j.arr.2017.05.003.
Calderon-Larranaga A, Vetrano DL, Onder G, Gimeno-Feliu LA, Coscollar-
Santaliestra C, Carfi A, Pisciotta MS, Angleman S, Melis RJF, Santoni G,
Mangialasche F, Rizzuto D, Welmer AK, Bernabei R, Prados-Torres A,
Marengoni A, Fratiglioni L. Assessing and Measuring Chronic Multimor-
bidity in the Older Population: A Proposal for Its Operationalization. J
Gerontol A Biol Sci Med Sci. 2017,72(10):1417-23. https://doi.org/10.
1093/gerona/glw233.

Batista SR, Sousa ALL, Nunes BP, Silva RR, Jardim PCBV. Identifying multi-
morbidity clusters among Brazilian older adults using network analysis:
Findings and perspectives. PLoS ONE. 2022;17(7):e0271639. https://doi.
0rg/10.1371/journal.pone.0271639.

Hughes LD, McMurdo ME, Guthrie B. Guidelines for people not for
diseases: the challenges of applying UK clinical guidelines to people with
multimorbidity. Age Ageing. 2013;42(1):62-9. https://doi.org/10.1093/
ageing/afs100.

Batista SRR, Sousa ALL, Nunes BP, Rodrigues RRD, Jardim PCBV. Regular
source of primary care and health services utilisation among Brazilian
elderly with mental-physical multimorbidity. BMC Geriatr. 2024,24(1):430.
https://doi.org/10.1186/512877-024-05048-4.

The PLOS Medicine Editors. Multimorbidity: addressing the next global
pandemic. PLoS Med. 2023,;20(4):21004229. https://doi.org/10.1371/journ
al.pmed.1004229.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 32 of 32


https://doi.org/10.5888/pcd16.180170
https://doi.org/10.1186/s12913-016-1421-7
https://doi.org/10.1186/s12913-016-1421-7
https://doi.org/10.3390/ijerph17093136
https://doi.org/10.1093/ageing/afx184
https://doi.org/10.1186/s12877-016-0341-z
https://doi.org/10.1371/journal.pone.0232281
https://doi.org/10.1371/journal.pone.0232281
https://doi.org/10.3233/SHTI190536
https://doi.org/10.3233/SHTI190536
https://doi.org/10.3109/02813432.2016.1153242
https://doi.org/10.3109/02813432.2016.1153242
https://doi.org/10.1016/j.arr.2017.05.003
https://doi.org/10.1093/gerona/glw233
https://doi.org/10.1093/gerona/glw233
https://doi.org/10.1371/journal.pone.0271639
https://doi.org/10.1371/journal.pone.0271639
https://doi.org/10.1093/ageing/afs100
https://doi.org/10.1093/ageing/afs100
https://doi.org/10.1186/s12877-024-05048-4
https://doi.org/10.1371/journal.pmed.1004229
https://doi.org/10.1371/journal.pmed.1004229

	Variations in multimorbidity measurement in studies evaluating hospitalisation in older adults: a systematic review
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 
	Trial registration 

	Introduction
	Methods
	Protocol and registration
	Eligibility criteria and search strategy
	Review process
	Data extraction and quality assessment

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


