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Abstract

Background Different multimorbidity patterns can affect health trajectories and influence survival.

Aims We investigated their association with mortality in two population-based cohorts of older adults.

Methods Two Italian cohorts of randomly selected individuals (60—79 years old) from general population: CUORE (base-
line 2008-2012) and Moli-sani (baseline 2005-2010). Latent Class Analysis used to identify homogeneous groups of multi-
morbid individuals (>2 diseases) with similar underlying disease patterns. Cox regression models used to assess the associa-
tion of multimorbidity patterns and all-cause mortality (end of follow-up 12/31/2019). Results pooled in a random-effects
meta-analysis.

Results Total samples of 3,695 individuals in CUORE (48% male, mean age 68.8 years [SD 5.6]) and 7,801 in Moli-sani
(51% male, mean age 68.2 years [SD 5.4]). In both cohorts, six multimorbidity patterns were identified and named after their
overexpressed diseases: hypercholesterolemia; metabolic, depression and cancer, cardiometabolic and respiratory,; gastro-
intestinal, genitourinary and depression; respiratory, unspecific (i.e., no diseases overexpressed). Overall mortality rates
were 1.66 per 100 person/years in CUORE and 1.85 per 100 person/years in Moli-sani. Compared to the multimorbidity-free
group (<2 diseases), individuals displaying a cardiometabolic and respiratory pattern showed the highest mortality (pooled
HR 2.62, 95% CI 2.15-3.10), followed by unspecific (pooled HR 1.45, 95% CI 1.21-1.68), respiratory (pooled HR 1.33,
95% CI 1.01-1.64) and gastrointestinal, genitourinary and depression (pooled HR 1.33, 95% CI 1.06—1.60).

Discussion Multimorbidity patterns in older adults are differentially associated to shorter survival.

Conclusions Their identification may help optimize clinical management by improving risk stratification, allowing for more
targeted prevention and intervention strategies.
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Background and objectives

Multimorbidity is an unintended consequence of the mod-
ern achievements of biomedicine and public health. The
effective treatment of previously lethal non-communicable
diseases (e.g., heart disease, respiratory conditions, stroke,
cancer) has turned them into conditions with a chronic
course and progression, especially among older adults. As
life expectancy rises, so does the prevalence of multimor-
bidity—defined as the coexistence of two or more chronic
conditions within an individual [1]. Multimorbidity has
become a key public health challenge, particularly in high-
income countries, where it can be detected in up to 9 in 10
older individuals, and where healthcare systems are increas-
ingly strained by the complex needs of an aging population
[2]. The accumulation of chronic diseases over time is often
accompanied by the onset of functional impairments—both
cognitive and physical—that further contribute to disability,
dependence, and increased mortality risk [2]. This translates
into higher healthcare costs due to frequent hospitalizations,
prolonged treatment regimens and the need of long-term
care [1].

Chronic diseases do not occur randomly but tend to
cluster in specific patterns within individuals. These multi-
morbidity patterns have been shown to influence the risk of
various outcomes, including frailty, dementia, depression,
disability, institutionalization, hospitalization, and mortal-
ity [3-9]. Understanding these patterns holds promise for
improving risk stratification in older adults, allowing for
more targeted prevention and intervention strategies. By
identifying individuals at higher risk for adverse outcomes,
healthcare providers may arguably tailor interventions to
improve the aging process, delay the onset of disability and
dependence, and ultimately increase health span.

Despite the growing body of literature on multimorbid-
ity patterns, there remains a need for more rigorous and
reliable methods to define and categorize these patterns in
clinically meaningful ways [4]. Current research has yet to
establish a universally accepted framework for identifying
multimorbidity patterns that are stable and predictive across
diverse populations. The heterogeneity of multimorbidity
and its varied manifestations across different demographic
groups further complicate the development of standardized
approaches. Thus, it is essential to validate these patterns in
various population-based cohorts to strengthen their clinical
relevance and utility.

The present study aims to investigate the association
between multimorbidity patterns and mortality in two Ital-
ian population-based cohorts of older adults. By exploring
how specific clusters of chronic conditions relate to mor-
tality risk, this research seeks to contribute to the growing
understanding of multimorbidity as a critical determinant
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of health outcomes in aging populations. Furthermore, by
analysing data from two cohort studies, we aimed to test a
possible standardized analytical approach to defining multi-
morbidity patterns that could be applied across diverse pop-
ulations. Besides, replication of the analyses across samples
from different cohorts and geographic areas is critical for
checking the robustness of the study results. The findings
may provide valuable insights for developing more effective
strategies to manage multimorbidity and improve the qual-
ity of life of older adults.

Research design and methods
Study design and population

This study is part of the project “Identification of Biomarker
signatures of multimorbidity patterns for the development of
an innovative and multidimensional tool to assess individual
health risks” (BIO-SIGN), funded by the Italian Ministry of
Health (grant number PNRR-MAD-2022-12376569; cup
C52C22001120007). The project is based on the hypothesis
that biological, clinical, environmental and behavioural fac-
tors interact in the definition of multimorbidity clusters and
the determination of their severity and the effect of these
factors on longitudinal outcomes can differ between multi-
morbidity patterns. Aim of the project is to assess the inter-
action of novel biomarkers, environmental, behavioural,
clinical factors in the definition of specific multimorbidity
patterns and in the determination of their severity.

We conducted this observational prospective analysis
based on data from two Italian cohorts randomly selected
from the resident population: the CUORE Project (from
now on referred to as CUORE) and the Moli-sani study
(from now on referred to as Moli-sani).

For CUORE, we considered the Osservatorio Epide-
miologico Cardiovascolare/Health Examination Survey
2008-2012 (OEC/HES 2008-2012) cohort, composed
of participants aged between 35 and 79 years, randomly
enrolled from the general population residing in all the
regions of the national territory (N=28,696; 50% men). The
aim of the Italian OEC/HES 2008-2012 was to provide a
comprehensive picture of the adult population health by
evaluating lifestyles and risk factors for major non-com-
municable diseases. Standardized procedures and methods
were used for sample recruitment and measurements, as
described in detail elsewhere [10]. The survey was con-
ducted by the Italian National Institute of Health (Istituto
Superiore di Sanita, ISS) and was implemented with the col-
laboration of the national scientific association of hospital
cardiologists (ANMCO, Associazione Nazionale Medici
Cardiologi Ospedalieri) and its foundation (Fondazione
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per il Tuo cuore— Heart Care Foundation). The survey
was approved by the ethics committee of ISS and written
informed consent was signed by all participants. The survey
is included in the Italian National Statistical Program.

Moli-sani consists of a large, prospective cohort aged
over 35 years that was randomly recruited from the general
population of the Molise region in Southern Italy between
2005 and 2010 (N=24,325; 48% men). The main aim of
Moli-sani was to investigate environmental and genetic
determinants of major non-communicable diseases — such
as cardiovascular disease (CVD), cancer, and neurodegen-
erative diseases — and mortality. The study complies with
the Declaration of Helsinki and was approved by the Catho-
lic University Ethical Committee in Rome, Italy. All partici-
pants provided written informed consent. Study design has
been described previously [11, 12].

For the present study, we restricted the analyses to partic-
ipants aged 60—79 years, as multimorbidity mostly impacts
in older age. Figure 1 shows the flow-charts of sample selec-
tion in both cohorts.

Chronic diseases and covariates assessment

Similar approaches were used in the CUORE and Moli-sani
studies to collect data on medical history, socio-demographic
characteristics, and lifestyle information. Additionally, labo-
ratory tests for both studies were conducted in the same cen-
ter using standardized analytical methods and instruments
[10]. Specific instrumental assessments were carried out,
including blood pressure measurement, anthropometrics,
and laboratory tests. A rigorous process of harmonization
was carried out and any critical issues were identified and
resolved, to ensure consistency and comparability between

CUORE

8,696 participants aged 35-79 years old
from the OEC/HES 2008-2012 cohort

5,001 participants under
60 years excluded

[ 3,695 participants aged 60 years or older I

N

3,013 participants 682 participants
with 2+ diseases with 0 or 1 diseases

Fig. 1 Flow-charts of sample selection in CUORE and Moli-sani

the two datasets and minimize the heterogeneity of the data,
strengthening the robustness of the results.

In both cohorts, disease information was collected
through extensive face to face questionnaires, based on
self-reported information. Disease definition and operation-
alization was based on the methodology proposed by Calde-
ron-Larrafiaga and colleagues, and included self-reported
information, use of specific drugs univocally linked to given
diseases and laboratory tests [13]. For the present study, 42
chronic diseases were retrieved in both cohorts, and fitted
into the above-mentioned categories (for details on the diag-
nostic criteria considered, see Supplementary Table 1 A and
Supplementary Table 1B in the Supplement). Any critical
issues due to the adoption of a different definition for given
disease were resolved upon discussion, and the use of the
same information source across the two cohorts was privi-
leged to maximize comparability. In order to avoid statisti-
cal noise [4], diseases with a prevalence of less than 5%
were aggregated into 4 homogeneous bigger categories,
based on pathophysiological commonalities. Details of this
aggregation can be found in Supplementary Table 2. Finally,
a total of 33 chronic diseases were considered to identify the
multimorbidity patterns (Table 1).

Baseline information on sex and age were derived from
the registry offices. Through the administered question-
naires we derived information on educational level (none/
primary school, secondary school or post graduate), marital
status (partnered or unpartnered), area of residence (urban
or rural environments defined considering the urbaniza-
tion level descripted by the European Institute of Statistics
[EUROSTAT] and obtained by the ‘Atlante Statistico dei
Comuni’ provided by the Italian National Institute of Statis-
tics [ISTAT] [14]), smoking habit (non-smoker or current/

Moli-sani

24,325 participants aged 35 years or older
from the 2005-2010 cohort

253 participants from OEC/HES
2008-2012 excluded

369 participants over80
excluded

23,441 participants aged 35-79 years from
the 2005-2010 cohort

16,697 participants under
60 years excluded

l 7,801 participants aged 60 years or older I

AN

6,744 participants 1,057 participants
with 2+ diseases with O or 1 diseases
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Table 1 List of the 33 chronic diseases considered for the definition of Multimorbidity patterns by mean of latent class analysis

Allergy Depression and other psychiatric behavioural disease” Migraine facial pain syndrome
Anaemia Diabetes Obesity

Asthma Epilepsy Osteoporosis

Atrial fibrillation Gastrointestinal disease” Other cardiovascular disease
Bradycardias conduction disease Genitourinary disease® Other metabolic disease
Cardiac valve disease Glaucoma Other respiratory disease
Cerebrovascular disease Heart failure Parkinson-parkinsonism
Chronic infectious disease Hypercholesterolemia Peripheral neuropathy
Chronic kidney disease Hypertension Peripheral vascular disease

Chronic obstructive pulmonary disease (COPD)
Dementia

Inflammatory/Autoimmune Disease
Ischemic heart disease

d Solid or haematological neoplasms

Thyroid disease

Note. Diseases having a prevalence<5% that were aggregated into macro-categories: *Depression and other psychiatric behavioural disease:
Depression and mood disorders, Other psychiatric and behavioural diseases; ®Gastrointestinal disease=Colitis related disease, Esophagus
stomach duoden disease, Chronic pancreatitis and gallbladder disease, Other digestive disease, Chronic liver disease; ‘Genitourinary dis-
ease: Prostate disease, Other genitourinary disease; ‘Inflammatory/Autoimmune Disease: Autoimmune disease, Inflammatory arthropathies,

Inflammatory bowel diseases, Multiple sclerosis

former smoker), alcohol habit (non-drinker/former drinker,
light-moderate drinker or heavy drinker), leisure time physi-
cal activity (reading/watching tv, walking/cycling, playing
sports or competitive training).

Outcome definition

Death due to any cause was the outcome of interest and the
end of follow-up was set to 12/31/2019. Follow-up was lim-
ited to this date to avoid recording deaths occurred during
the SARS-CoV-2 pandemics. To retrieve the date of death
of CUORE deceased participants, individual data on mortal-
ity owned by ISTAT were record linked on a yearly base to
the CUORE dataset. For Moli-sani, deaths occurred during
follow-up were ascertained through individual-level record
linkage to the Molise regional register of deaths (ReNCaM:
“Registro Nominativo delle Cause di Morte”) and validated
using Italian death certificates (ISTAT form).

Statistical analysis
Multimorbidity patterns definition

We applied Latent Class Analysis (LCA) to identify homog-
enous groups of individuals sharing similar multimorbid-
ity patterns. LCA is an explanatory technique that, starting
from a set of observed variables, identifies latent groups
with similar characteristics. Specifically, LCA estimates for
each subject the probability of being in each class and sub-
sequently assigns them to the group for which they show
the highest probability of belonging [15, 16]. The optimal
number of latent classes, also referred to as multimorbidity
patterns from here on, was defined using the Bayesian infor-
mation criterion (BIC) and the adjusted BIC, which have
proven to be reliable model selection criteria with categori-
cal variables [17-19]. These two criteria were considered
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to compare data fitness of different numbers of classes in
both samples, with lower values suggesting better fit of the
model. To characterize the patterns, we used the observed/
expected ratios (O/E ratios), which compare the frequency
of a disease in a given class with respect to the one of the
total study population. Moreover, we calculated disease
exclusivity defined as the ratio between the number of
disease cases in a class and the total number of individu-
als affected by that disease in the population. Diseases with
both an exclusivity>25% and an O/E ratio>2 were consid-
ered over-expressed and subsequently used to name the pat-
terns accordingly. The class models with the best fit to the
data were assessed in terms of clinical plausibility based on
expert judgement and evidence from the literature within
each sample; the class solution that appeared to be most
meaningful based on these criteria was used to classify par-
ticipants in the other sample as well. LCA was performed
using the statistical software R (version 4.2.0 and poLCA
package from version 1.4.1).

Survival analysis

The incidence rates (IRs) of all-cause mortality were calcu-
lated both overall and by multimorbidity pattern (events per
100 person-years). To evaluate the risk of all-cause mortality
among multimorbidity patterns, we used Cox proportional
hazards regression models to estimate adjusted hazard ratios
(HRs) and 95% confidence intervals (ClIs), considering par-
ticipants who had one or no disease— no multimorbidity—
as the reference group. Models were adjusted for relevant
confounders including age, sex, education, smoking habit,
leisure-time physical activity, and alcohol habit. The covari-
ates included in the models were chosen in light of their
potential role as confounders in the association between
multimorbidity patterns and all-cause mortality. Follow-
up period consisted of the time from the enrolment to the
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date of death or end of follow-up, whichever occurred first.
Participants with missing values for the covariates included
in the models were retained in the analysis and possible
missing values were treated as an additional category for
the respective variable. Additional sensitivity analyses were
performed excluding those having missing values for the
covariates of interest. Statistical analyses were performed
using R (version 4.2.0) and SAS (version 9.4). Finally, we
used random-effects meta-analyses to estimate the pooled
results for the associations between multimorbidity patterns
and all-cause mortality in CUORE and Moli-sani; this anal-
ysis was performed using Stata (version 18.0).

Results
Characteristics of the samples

The analytical samples consisted of 3,695 participants from
CUORE and 7,801 from Moli-sani. In the two cohorts, the
proportion of participants with two or more diseases was
of 81.5% and 86.5%, respectively. Descriptive character-
istics across multimorbidity patterns are shown in Table 2
(for information on sample characteristics of the overall
samples, see Supplementary Table 3). Mean age was 68.8
(SD 5.6) years in CUORE and 68.2 (SD 5.4) years in Moli-
sani. The proportion of males in the two samples was com-
parable, being 48.2% and 51.2%, respectively. Participants
mostly had a low education level (46.2% in CUORE, 54.3%
in Moli-sani), lived in urban areas (82.0% and 66.4%), were
partnered (73.4% and 81.7%) and non-smokers (53.4% and
52.1%). Mean body mass index (BMI; 28.5 kg/m? [SD 4.8]
in CUORE and 29.1 kg/m? [SD 4.7] in Moli-sani) and mean
number of diseases (approximately 3 diseases per partici-
pant) were similar, while the average number of drugs was
2.5 (SD 2.4) in CUORE and 1.8 (SD 1.7) in Moli-sani.

Multimorbidity patterns identification and their
characteristics

The six-class solution derived from Moli-sani was found to
be the most meaningful in terms of clinical plausibility and
evidence from the literature (Supplementary Tables 4 and
Supplementary Fig. 1). As such, we applied those weights
of Moli-sani to CUORE for participants’ classification.
The identified multimorbidity patterns were named as fol-
lows: (1) hypercholesterolemia pattern (33.2% in CUORE,
26.4% in Moli-sani); (2) metabolic, depression and can-
cer pattern (12.7% and 10.9%); (3) cardiometabolic and
respiratory pattern (5.2% and 6.3%); (4) gastrointestinal,
genitourinary and depression pattern (6.3% and 8.5%); (5)
unspecific pattern (i.e. no disease overexpressed, 18.1% in

CUORE and 30.0% in Moli-sani); (6) respiratory pattern
(6.1% and 4.4%). For the prevalence of single conditions
within each multimorbidity pattern, see Supplementary
Tables 5 A-B. Participants with no multimorbidity were
18.5% in CUORE and 13.5% in Moli-sani. When compar-
ing study participants across multimorbidity patterns in both
samples (Table 2), those in the cardiometabolic and respira-
tory pattern tended to be older and have higher number of
diseases and drugs. The highest frequency of low level of
education was observed in the respiratory pattern, while the
metabolic, depression and cancer pattern showed the high-
est frequency of unpartnered people. The highest mean BMI
was observed in the unspecific pattern, which also had a low
mean number of diseases (the lowest, excluding those with
no multimorbidity). Finally, as for smoking and alcohol
habit, current/former smokers were most present in the car-
diometabolic and respiratory pattern, while heavy drinkers
were most present in the hypercholesterolemia pattern in
Moli-sani and in the metabolic, depression and cancer pat-
tern in CUORE.

Association with all-cause mortality

During the follow-up, a total of 544 deaths were recorded in
CUORE (IR: 1.66 per 100 person-years; median follow-up:
9 years [IQR 8-10 years]), while 1,638 deaths occurred in
Moli-sani (IR: 1.85 per 100 person-years; median follow-
up: 12 years [IQR 11-13 years]). IRs varied across multi-
morbidity patterns (Table 3), with the cardiometabolic and
respiratory pattern showing the highest (IR 4.56 in CUORE
and 5.33 in Moli-sani) and the metabolic, depression and
cancer pattern showing the lowest (IR 1.33 in CUORE and
1.22 in Moli-sani). The proportional hazards assumption of
the Cox models was tested using both the Schoenfeld resid-
ual test and graphical assessment. The proportional hazards
assumption was respected. Figure 2 shows results of the
random-effects meta-analyses, combining findings from
CUORE and Moli-sani using HR (95% CI) obtained from
the multivariable Cox regression analyses. Across multi-
morbidity patterns, the risk of all-cause mortality for each
cluster, compared to the multimorbidity-free group, was
found to be very similar between the two cohorts. The meta-
analyses identified four multimorbidity patterns associated
with a higher risk of all-cause mortality: the cardiometa-
bolic and respiratory pattern showed the highest mortality
risk (pooled HR 2.62, 95% CI 2.15-3.10) followed by the
unspecific pattern (pooled HR 1.45, 95% CI 1.21-1.68), the
respiratory pattern (pooled HR 1.33, 95% CI 1.01-1.64),
and the gastrointestinal, genitourinary and depression pat-
tern (pooled HR 1.33, 95% CI 1.06—1.60).
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Table 3 All-cause death and incidence rates (IR) per 100 person/years in CUORE and Moli-sani. Results reported for the total sample and by

Multimorbidity pattern (follow-up until 12/31/2019)

Total No Hypercholesterolemia Metabolic, Cardiometa- Gastrointes- Unspecific ~ Respi-
sample multimorbidity Depression, bolic, tinal, ratory
Cancer Respiratory Genitourinary,
Depression
CUORE
N 3,695 682 1,225 471 191 234 667 225
Number of 544 58 (8.5) 165 (13.5) 57 (12.1) 68 (35.6) 42 (18.0) 122 (18.3) 32
deaths (%) (14.7) (14.2)
Person-years 32,674 6,174 11,111 4,281 1,491 2,008 5,654 1,954
Incidence Rate  1.66 0.94 1.49 1.33 4.56 2.09 2.16 1.64
(IR)
per 100 person/
years
(95% CI) (1.53—  (0.71-1.21) (1.27-1.73) (1.01-1.73)  (3.54-5.78) (1.51-2.83) (1.79-2.58) (1.12—
1.81) 2.31)
Moli-sani
N 7,801 1,057 2,063 852 488 660 2,339 342
Number of 1,638 153 (14.5) 352 (17.1) 124 (14.6) 247 (50.6) 135 (20.5) 550 (23.5) 77
deaths (%) (21.0) (22.5)
Person-years 88,490 12,282 23,829 10,196 4,634 7,337 26,317 3,894
Incidence Rate  1.85 1.25 1.48 1.22 5.33 1.84 2.09 1.98
(IR)
per 100 person/
years
(95% CI) (1.76—  (1.06-1.46) (1.33-1.64) (1.02-1.45) (4.70-6.04) (1.55-2.18) (1.92-2.27) (1.58-
1.94) 2.47)

Note. Abbreviations: CI, confidence interval

The sensitivity analysis, which excluded individuals with
missing covariate data, showed no significant differences
(Supplementary Table 6).

Discussion and implications

This study aimed at identifying and replicate multimorbid-
ity patterns across two population-based cohorts, consisting
of over 11,000 older adults from Italy, and quantify their
association with mortality. Some main findings can be high-
lighted. First, by using LCA on two independent cohorts
sharing similar data structure and disease assessment cri-
teria, we were able to identify six clinically meaningful
multimorbidity patterns, namely: hypercholesterolemia;
metabolic, depression and cancer; cardiometabolic and
respiratory, gastrointestinal, genitourinary and depression;
respiratory, unspecific. Second, individuals part of the same
multimorbidity patterns across the two cohorts showed sim-
ilar sociodemographic and clinical characteristics, reinforc-
ing the hypothesis that specific disease patterns are highly
associated with given socio-demographic profiles. Finally,
different multimorbidity patterns were differentially asso-
ciated with mortality, suggesting they provide prognostic
information that can be used to better tailor care pathways,
therapeutic approaches and counselling of these individuals

@ Springer

and their families. As regard of the unspecific pattern, where
none of the assessed diseases resulted overexpressed, our
interpretation is that it identifies individuals with a mix of
diseases, not pointing at any specific underlying pathophys-
iological signature, still exerting a burden on survival that is
higher than other patterns.

Multimorbidity is a common source of clinical complex-
ity in older adults, which has a relevant impact on numerous
negative health-related outcomes and increases health-
care resource consumption. As such, there is currently big
interest in identifying replicable patterns of multimorbid-
ity among the general population, which can be leveraged
to personalize healthcare approaches to delay the onset of
frailty and disability and prolong survival in older adults [2,
20, 21]. In general, looking at the literature on the topic of
associative multimorbidity (i.e., multimorbidity patterns),
a high number of different combinations of diseases have
been reported. In a seminal review article from Prados-Tor-
res et al. [22], 97 different disease patterns including two
or more conditions were identified. Despite the method-
ological variability across studies, these authors identified
relevant similarities for three recurrent disease patterns. The
first including cardiometabolic diseases, the second includ-
ing mental health problems, and the third characterized by
musculoskeletal disorders. In a more recent review based on
primary care findings, Beridze et al. [23] found that, despite
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Effect size Weight

Study with 95% ClI (%)
Cardiometabolic & respiratory

Moli-sani —— 2.58[2.04, 3.12) 7.38
CUORE —&—— 2.77[1.74, 3.80] 3.60
Heterogeneity: 7° = 0.00, I* = 0.00%, H* = 1.00 <> 2.62[2.15, 3.10)
Gastrointestinal, genitourinary & depression

Moli-sani —— 1.28 [0.98, 1.58] 10.05
CUORE ] 1.58[0.93, 2.24] 6.18
Heterogeneity: T° = 0.00, I* = 0.00%, H* = 1.00 - 1.33[ 1.06, 1.60]
Hypercholesterolemia

Moli-sani B = 1.14[0.92, 1.36] 10.89
CUORE ——— 1.21[0.84, 1.59] 9.19
Heterogeneity: 7° = 0.00, I* = 0.00%, H* = 1.00 < 1.16 [ 0.97, 1.35]
Metabolic, depression & cancer

Moli-sani — 1.11[0.84, 1.38] 10.33
CUORE ——— 1.28[0.79, 1.77) 7.87
Heterogeneity: 7° = 0.00, I* = 0.00%, H* = 1.00 - 1.15[0.91, 1.39]
Respiratory

Moli-sani —B— 1.35[0.98, 1.73] 9.19
CUORE = 1.27[0.70, 1.84] 7.01
Heterogeneity: 7° = 0.00, I* = 0.00%, H* = 1.00 - 1.33[1.01, 1.64]
Unspecific

Moli-sani . = 1.40[1.15, 1.65] 10.59
CUORE —R— 1.55[1.04, 2.06] 7.70
Heterogeneity: 7° = 0.00, I* = 0.00%, H* = 1.00 <> 1.43[1.21, 1.65]
Overall <> 1.45[1.21, 1.68]

1 15 2 2.5 3354
HR and 95% CI

Fig. 2 Pooled hazard ratios (HR) of all-cause mortality in CUORE and Moli-sani (reference group: participants with no multimorbidity). Note.
Abbreviations: CI, confidence interval. Model adjusted for age, sex, education, smoking habit, physical activity, alcohol habit

@ Springer
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high heterogeneity in clustering methods and disease clas-
sifications, consistent patterns of multimorbidity emerged,
namely: mental health and cardiovascular patterns, often
combined with diseases affecting other organ systems (e.g.,
neurological, endocrine).

To the best of our knowledge, this is one of the first
study that describes and replicates multimorbidity patterns,
and their association with all-cause mortality, in two inde-
pendent cohorts of community-dwelling older adults. The
largely overlapping findings across the two cohorts provide
robustness to the construct of disease pattern, suggesting
that LCA is a promising method to classify older adults
based on diagnostic characteristics. Previous studies have
used LCA to identify multimorbidity profiles, although
findings from these studies are hardly comparable with ours
in terms of sample populations and disease ascertainment
methods [24-26].

Several previous studies have identified patterns of
multimorbidity in the general older population, including
studies from our group. In consideration of the wide meth-
odological heterogeneity that has characterized the litera-
ture on the topic, we report here the most relevant findings
from previous studies that employed a methodology similar
to ours, both in terms of operationalization of chronic dis-
eases in 60 categories, and clustering methods. Marengoni
et al. [27], in a study performed in almost 3000 Swedish
individuals 60+ participating in the SNAC-K study, identi-
fied six distinct patterns, namely: unspecific, respiratory and
musculoskeletal diseases, eye diseases and cancer, cogni-
tive and sensory impairment, heart diseases, and psychiatric
and respiratory diseases. As compared with our study, while
the same disease categories appear to characterize the five
clusters, they were combined in a slightly different man-
ner. The proper clinical examination and registry linkage
carried out in the SNAC-K study may explain the differ-
ent prevalence of relevant diseases (e.g., dementia, chronic
kidney disease), which may translate in different disease
clustering. Of note, also in the study from Marengoni et al.,
given sociodemographic and, in addition functional char-
acteristics, clustered within individuals displaying different
multimorbidity patterns. Interestingly, in a mortality analy-
sis carried out in the same population by Vetrano et al., in
line with the finding of the present study, the multimorbid-
ity patterns overexpressing cardiovascular, neuropsychiat-
ric and respiratory diseases presented the highest mortality
rates [4]. In a Spanish study involving almost one million
primary care patients, eight different patterns of multimor-
bidity were identified, based on electronic health records.
Also in this case, an unspecific and prevalent pattern of
multimorbidity was identified, along with more specific
and complex patterns, encompassing among the most over-
expressed diseases again, cardiovascular, respiratory, and

@ Springer

neuropsychiatric diseases [28]. Consistently with our find-
ings, Violan et al. also found a combination of psychiatric
and genitourinary disorders clustering in the same individu-
als. They also found an overexpression of gastrointestinal
disorders, as we did, but in four of the identified patterns,
in combination with different other diseases. In the case of
the study by Violan et al., a 100-fold larger population as
compared with ours and the primary care nature of the diag-
nostic information, might explain the larger number of iden-
tified multimorbidity patterns and their different assortment.

The identification of clinically meaningful multimor-
bidity patterns may play a key role in the context of pre-
vention and public health choices. Those at higher risk of
experiencing major events such as unplanned hospitaliza-
tions and death, among other relevant outcomes, can ben-
efit from prevention initiatives and targeted screening based
on their clinical situation to identify those most in need of
care, allowing for better source allocation. Recognizing that
subjects belong to a certain profile of multimorbidity would
allow to differentiate health actions, allowing to keep these
people on-track for prevention, treatment or palliative care,
according to their needs [2, 20, 21].

Strengths and limitations

Major strengths of the study are the prospective design, long
follow-up, and use of two large datasets. Moreover, the use
of standardized questionnaires to collect disease informa-
tion and categorize it in homogeneous groups allowed for
consistent exposure measures. For CUORE, it was possible
to have a good national coverage, thanks to the random
enrolment of study participants from all Italian regions dis-
tributed in the northern, central and southern areas of the
country. Finally, this is one of the few studies to have identi-
fied clinically consistent multimorbidity profiles across two
different Italian population-based cohorts.

Conversely, some study limitations should be taken in
consideration. Given the observational design, possibility
of residual confounding remains. Still, the main potential
confounders according to the literature on this topic were
considered. Second, information on certain diseases and
covariates was self-reported, which may have led to mis-
classification of exposures. We also evaluated the multi-
morbidity patterns at the date of recruitment, hence possible
newly diagnosed chronic diseases or medications’ changes
during the study period were not considered. Moreover, the
use of a slightly modified disease categorization as proposed
by Calderén-Larrafiaga et al. might affect comparability of
our and other results. At the same time, we have aggregated
together rarer diseases, arguably with trivial effect on multi-
morbidity pattern identification. Finally, despite the national
representativeness of the data, since it was derived from an
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individual country, caution is needed in the generalization
of these findings to other populations.

Conclusion

In this study we identified and replicated six clinically mean-
ingful multimorbidity patterns across two large population-
based cohorts of older adults and quantify their prognosis in
terms of mortality. Multimorbidity patterns characterized by
an overexpression of cardiovascular, respiratory and gastro-
intestinal, as well as an unspecific pattern of multimorbidity,
presented with higher mortality hazards as compared with
older adults without multimorbidity. Understanding these
patterns may help improve risk stratification in older adults,
allowing for tailored prevention and intervention strategies.
In particular, the replicability observed in the two cohorts
supports the idea that this pattern identification process
could also be applied in a clinical setting. For example, this
could be used for risk stratification, with the aim of prognos-
tication, and also in tailored healthcare, when the aims are
preventive and therapeutic strategies. Finally, from a public
health perspective, knowing the distribution of these pat-
terns in the population could help measure healthcare needs
and better target healthcare planning and investments.

Supplementary Information The online  version  contains
supplementary material available at https://doi.org/10.1007/s40520-0
25-03150-0.
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