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Abstract: The correct management of patients with multimorbidity remains one of the main challenges
for healthcare systems worldwide. In this study, we analyze the existence of multimorbidity patterns
in the general population based on gender and age. We conducted a cross-sectional study of
individuals of all ages from the EpiChron Cohort, Spain (1,253,292 subjects), and analyzed the
presence of systematic associations among chronic disease diagnoses using exploratory factor analysis.
We identified and clinically described a total of 14 different multimorbidity patterns (12 in women
and 12 in men), with some relevant differences in the functions of age and gender. The number
and complexity of the patterns was shown to increase with age in both genders. We identified
associations of circulatory diseases with respiratory disorders, chronic musculoskeletal diseases with
depression and anxiety, and a very consistent pattern of conditions whose co-occurrence is known as
metabolic syndrome (hypertension, diabetes, obesity, and dyslipidaemia), among others. Our results
demonstrate the potential of using real-world data to conduct large-scale epidemiological studies
to assess the complex interactions among chronic conditions. This could be useful in designing
clinical interventions for patients with multimorbidity, as well as recommendations for healthcare
professionals on how to handle these types of patients in clinical practice.
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1. Introduction

Multimorbidity (i.e., the presence of more than one chronic disease in an individual) is a common
finding in the general population, particularly in older adults, posing a big challenge for patients and
health systems worldwide due to its great impact on health and healthcare [1,2]. To face this problem,
some initiatives such as Joint Actions Chrodis [3] and Chrodis-Plus [4] have been developed at a
European level to develop and pilot the implementation of integrated care models for multimorbidity
in different care settings. Other care models for tackling multimorbidity, like the Ariadne principles [5],
have been designed to be incorporated into family physicians’ daily practice, and also into educational
programs for health professionals on the care of patients with multimorbidity.

Prior to the development and implementation in clinical practice of this kind of models, we need to
generate evidence on the epidemiology of multimorbidity and its impact on health through clinical trials
and observational studies. Several clinical trials and interventions have been conducted in recent years
with different specific aims and targeting specific sectors of the population with multimorbidity
and polypharmacy. To name just a few, we can highlight the Prioritizing Multimedication in
Multimorbidity (PRIMUM) Study in primary care [6], the Multimorbidity and Polypharmacy in
Primary Care (MULTIPAP) Study [7], the 3D Study [8], the Supporting prescribing in older patients
with multimorbidity and significant polypharmacy (SPPiRE) trial [9], the six-week occupation-based
self-management OPTIMAL program [10], or the Health Teams Advancing Patient Experience:
Strengthening Quality (TAPESTRY) intervention [11], among others.

Nonetheless, clinical trials might present some limitations related to the comparability and
external validity of results due to the limited number of subjects recruited or to the inclusion and
exclusion criteria applied, and to their high economic cost associated. On the other hand, the increasing
availability for health research of real-world data generated during the care process, such as electronic
health records (EHRs), represents a cheaper opportunity to generate real-world evidence about the
epidemiology of multimorbidity through population-based observational studies.

In this context, the EpiChron Cohort Study was initiated in 2011 as a large-scale population-based
study on the epidemiology of chronic diseases and multimorbidity through the use of real-world
data in the Spanish region of Aragón [12]. One of the specific objectives of this project was to study
the existence of systematic associations among chronic diseases. Understanding how the diseases
tend to cluster in the form of multimorbidity patterns could serve to obtain useful information on
common underlying pathophysiological mechanisms and to generate new hypotheses (e.g., clinical
and pharmacological). This could help us to develop new clinical guidelines adapted for people with
multiple chronic diseases, based on the most relevant and frequent associations found among diseases.
This type of analysis has already been conducted in the bibliography and also by our research group in
the adult population and in specific subpopulations using similar data [13–20], but not in the whole
of the general population, including information on all chronic diagnoses from both primary and
hospital care. The effects of gender and age on the composition of multimorbidity patterns have not
been exhaustively analyzed either.

During a study of associations among diseases, it is crucial to focus on the role of sex and age.
The distribution of diseases differs between women and men throughout their different stages of
life. Moreover, the European Commission promotes an inclusive perspective of sex and gender in
medical research funded by the European Union [21]. On the other hand, if we can identify how and
when diseases tend to add to a given pattern, we could anticipate and direct primary prevention
strategies to younger population groups to prevent or delay the development of specific conditions or
disease combinations.

This large-scale population-based study aimed to exhaustively analyze the existence of systematic
associations among chronic diseases in the general population based on sex and age, and to describe
and clinically discuss the patterns of multimorbidity identified.
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2. Materials and Methods

2.1. Design and Study Population

We conducted a retrospective, observational study based on data from the EpiChron Cohort Study.
This cohort links demographic and clinical information for all public health system users of the Spanish
region of Aragón (approximately 1.3 million inhabitants). A description of the cohort profile, of the
original data sources used, and of data curation procedures was published elsewhere [12]. We selected,
for this study, all individuals with at least one contact with the public health system registered in their
EHRs between 1 January 2011 and 31 December 2011 (i.e., 1,253,292 patients). We stratified individuals
by sex and into seven age groups: 0–14, 15–29, 30–44, 45–59, 60–74, 75–89, and ≥90 years.

2.2. Variables

For each participant, we analyzed sex, age, and all chronic conditions present during the year of
study. Diagnoses were extracted from the EHRs of both primary and hospital care levels, and included
all active episodes between 1 January 2011 and 31 December 2011, even if a clinician had recorded
the diagnosis before the initial date. Diseases were coded following the International Classification
of Primary Care (ICPC) or the International Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM), and then grouped into 260 mutually exclusive Expanded Diagnostic Clusters
(EDCs) using the Johns Hopkins Adjusted Clinical Groups (ACG®) System (version 11.0, The Johns
Hopkins University, Baltimore, MD, USA) [22]. We considered for the analysis all 114 possible EDCs
previously defined as chronic by Salisbury et al. [2]. We defined multimorbidity as the presence of
more than one EDC from Salisbury’s list.

The Clinical Research Ethics Committee of Aragón (CEICA) approved this study (Research
protocol PI17/0024). The CEICA waived the requirement to obtain informed consent from patients
since all the information used was anonymized.

2.3. Statistical Analysis

2.3.1. Descriptive Analysis

We performed a descriptive analysis of the demographic (i.e., sex and age) and clinical (i.e., number
of chronic diseases and proportion of multimorbidity) characteristics of the study population. The results
were expressed as means accompanied by their respective standard deviations or as absolute and
relative frequencies and proportions accompanied by their respective 95% confidence intervals (CI).

2.3.2. Factor Analysis

We applied exploratory factor analysis to each sex and age group to identify the existence of
systematic associations among chronic diseases. Exploratory factor analysis is a statistical method
aimed at uncovering the underlying structure of a large set of variables (e.g., diseases). In our study,
factor analysis was used to identify sets of chronic diseases with a common underlying causal factor
(i.e., factors or patterns). To facilitate the clinical–epidemiological interpretation of the results, we only
included in the factor analysis those chronic comorbidities with prevalence equal to or greater than 1%
in each sub-population.

The methodology followed was described elsewhere [13]. We coded EDCs as binary variables
based on the presence/absence of each condition (i.e., zero = no disease; one = presence of the disease).
We applied a factor analysis based on a correlation matrix to determine which conditions comprised
each factor. Due to the dichotomous nature of the variables, we used tetrachoric correlation matrices.
We used the principal factor method for the extraction of the factors, and a scree plot of the eigenvalues
of the correlation matrix represented in descending order, in combination with clinical criteria, to decide
the number of factors to extract. We applied an oblique rotation (Oblimin) to facilitate the interpretation
of the factors. Each disease within a factor had a factor score with a value between −1 and one,
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representing the association of each of the diagnoses with its disease pattern. We considered those
EDCs with factor scores ≥0.30 within a pattern to be part of that pattern and allowed the same EDC to
be present in various patterns. Those EDCs with factor scores ≥0.25 and <0.30 were also included in a
pattern if helped with the clinical interpretation of such pattern. We analyzed model goodness-of-fit
and sample adequacy using the Kaiser–Meyer–Olkin (KMO) parameter, which takes values between
zero (lower) and one (greater goodness of fit).

We conducted all statistical analyses in STATA (Version 12.0, StataCorp LLC, College Station, TX,
USA), with statistical significance set at p < 0.05.

2.4. Name and Clinical Consistency of the Patterns

In order to estimate the prevalence in the population of the resulting multimorbidity patterns,
we assigned individuals to a given pattern if they had at least two of the diseases that comprised the
pattern. After performing factor analysis, seven clinicians specialized in Internal Medicine, Cardiology,
Family and Community Medicine and Preventive Medicine and Public Health (I.I.S., J.C.P., J.D.M.,
L.A.G.F., F.G.R., R.N. and A.P.T.) proposed a name for each of the identified disease combinations to
facilitate the interpretation of the results and increase the interest of the study. The denomination of
the patterns was agreed according to the most relevant diseases within each pattern, considering their
factor score, prevalence and clinical relevance, and the denominations already used in the literature.
In most of the cases, the denomination was based on the main organ systems affected. Particularly
in the case of the endocrine system, when obesity, diabetes, dyslipidemia, and hypertension were
associated in a single pattern, we described this concrete pattern as metabolic, as it is composed of
conditions whose coexistence could potentially lead to the diagnosis of metabolic syndrome if certain
criteria are met.

3. Results

3.1. Overall Characteristics of the Study Population

The sex and age distributions of the study population (50.5% women; mean age of 44.2 years),
together with the mean number of chronic diseases and the prevalence of multimorbidity, are shown
in Table 1. Women presented, on average, 0.5 more diseases than men, and the morbidity burden
increased with age from 0.57 diseases in subjects aged 0–14 years to 4.35 diseases in those aged
75–89 years, and then decreased to 3.35 diseases in elders aged ≥90 years. Similarly, women showed
a 10% higher prevalence of multimorbidity than men, which followed a similar trend to that of the
mean number of diseases, increasing from 12.0% in children to 84.3% in 75–89-year-olds, and then
decreasing to 68.3% in the oldest old.

We identified a total of 14 different multimorbidity patterns; 12 in women, and 12 in men
(Table 2). In each sex, we found two patterns in the pediatric population and three to four in the
older age groups. On average, the number of diseases per pattern increased from three in the
pediatric population to seven in patients 75 years of age and older. The most common pathologic
conditions presented in the identified patterns included diseases of the circulatory system (ischemic
heart disease, cardiac arrhythmia, congestive heart failure), respiratory disorders (asthma, emphysema,
chronic bronchitis, chronic obstructive pulmonary disease), diseases of the musculoskeletal system
(arthropathy, osteoporosis, cervical pain syndromes), mental and behavioral disorders (depression,
anxiety and neuroses, substance use disorder, schizophrenia), and endocrine diseases (diabetes, obesity,
hypothyroidism) (Figure 1).
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d  Figure 1. Disease composition of the multimorbidity patterns identified in the study population based

on sex and age.
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The complete output of the factor analysis is presented in the Supplementary Material (Tables S1
and S2), in which we included the scree plots used to decide the numbers of patterns to be extracted in
each group, the proportion of cumulative variance explained, the KMO parameter in each sub-analysis,
and the complete list of diseases analyzed in each age group together with their prevalence, EDC code,
and factor score (even if they were not part of any pattern).

Table 1. Characteristics of the study population.

Population N (% a) Mean Number of Diseases b (SD c) % e of Multimorbidity d (95% CI)

Age (years)
0–14 150,331 (12.0) 0.57 (0.81) 12.0 (11.9–12.2)
15–29 191,109 (15.2) 0.53 (0.86) 11.6 (11.5–11.8)
30–44 314,977 (25.1) 0.76 (1.12) 18.8 (18.7–19.0)
45–59 262,804 (21.0) 1.60 (1.77) 41.9 (41.8–42.1)
60–74 180,137 (14.4) 3.23 (2.47) 73.7 (73.5–73.9)
75–89 137,694 (11.0) 4.35 (2.95) 84.3 (84.1–84.5)
≥90 16,240 (1.3) 3.35 (2.98) 68.3 (67.6–69.0)
Sex
Men 620,661 (49.5) 1.41 (2.04) 32.2 (32.1–32.4)

Women 632,631 (50.5) 1.90 (2.32) 42.6 (42.5–42.8)
Total 1,253,292 (100) 1.66 (2.20) 37.5 (37.4–37.6)

a These percentages refer to the total population; b from a list of 114 chronic conditions; c standard deviation; d defined
as two or more diseases from the list of 114 chronic conditions; e these percentages refer to each age subpopulation.

3.2. Multimorbidity Patterns in Women

In the pediatric population, two in 100 individuals presented an allergic pattern consisting
of dermatitis, eczema, and asthma. In adolescents and young adults between 15–29 years of age,
these conditions were associated with growth and developmental disorders. Depression, anxiety and
neurosis were associated in a mental health pattern in two in every 1000 women between 15–29 years old.
In older age groups, up to 74 years of age, depression was associated with musculoskeletal conditions.

We identified systematic associations of risk factors for heart disease, mainly diabetes and
hypertension, in the female population 30 years of age and older. This metabolic pattern was the most
prevalent in women between 45–74 years old. One in three women aged 60–89 years presented a
metabolic pattern, whereas in older women this proportion decreased to one in five. In younger women
aged 15–29 years, an endocrine–metabolic pattern included hypothyroidism, obesity and dyslipidemia
among the primary disorders. We also identified an endocrine pattern in women between 30–44 years
old, with hypothyroidism and other endocrinologic diseases.

Many diseases of the circulatory system were systematically associated in women aged 60 years and
older. The leading chronic conditions were congestive heart failure, cardiac valve disorders, and cardiac
arrhythmia. Various diseases of the respiratory system were also included in this cardiorespiratory
pattern, especially among women 75 years of age and older. We also identified a peripheral vascular
pattern in the age range of 45–74 years, in which varicose veins of lower extremities and thrombophlebitis
were the main conditions. In older women, dementia and delirium, Parkinson’s disease, and chronic
ulcers of the skin were the primary disorders of a neurodegenerative–vascular pattern.
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Table 2. Number, denomination, prevalence, and number of diseases of the multimorbidity patterns found in the study population based on sex and age.

Age (Years)

Women 0–14 15–29 30–44 45–59 60–74 75–89 ≥90

Number 2 3 3 3 4 4 4
Name

(prevalence; No.
of dis. a)

Growth–dev.
b

(1.0%; 4 dis.)

Allergic
Growth–dev.
(1.2%; 4 dis.)

Endocrine
(0.3%; 2 dis.)

Peripheral
vascular

(2.5%; 3 dis.)

Peripheral
vascular

(6.8%; 4 dis.)

Neurodegenerative–
vascular

(4.0%; 5 dis.)

Neurodegenerative–
vascular

(6.9%; 3 dis.)

Allergic
(2.0%; 2 dis.)

Endocrine–
metabolic

(1.2%; 5 dis.)

Metabolic
(1.5%; 4 dis.)

Metabolic (9.7%;
4 dis.)

Metabolic
(33.0%; 4 dis.)

Metabolic
(23.9%; 5 dis.)

Metabolic
(21.5%; 4 dis.)

Mental health
(0.2%; 2 dis.)

Neuromusc.
c–depressive (6.4%;

13 dis.)

Neuromusc.–
depressive (7.2%;

9 dis.)

Neuromusc.–
depressive (18.6%;

8 dis.)

Neuromusc.–
degenerative (37.2%;

10 dis.)

Neuromusc.–
degenerative (24.6%;

9 dis.)
Cardiorespiratory

(3.4%; 9 dis.)
Cardiorespiratory

(12.3%; 13 dis.)
Cardiorespiratory

(12.9%; 9 dis.)

Men 0–14 15–29 30–44 45–59 60–74 75–89 ≥90

Number 2 3 4 4 4 4 3
Name

(prevalence; No.
of dis.)

Growth–dev.
(1.0%; 4 dis.)

Allergic–
growth–dev.
(1.9%; 6 dis.)

Allergic
(0.4%; 3 dis.)

Cardiovascular
(0.4%; 3 dis.)

Cardiorespiratory
(7.0%; 10 dis.)

Cardiorespiratory
(19.3%; 16 dis.)

Cardiorespiratory
(17.2%; 9 dis.)

Allergic
(2.8%; 2 dis.)

Metabolic
(0.1%; 2 dis.)

Metabolic
(2.5%; 4 dis.)

Metabolic (14.3%;
5 dis.)

Metabolic
(33.3%; 5 dis.)

Metabolic
(35.1%; 5 dis.)

Neuromusc.–
degenerative (46.9%;

12 dis.)

Mental health
(0.2%; 3 dis.)

Mental health
(0.5%; 3 dis.)

Mental health
(0.1%; 2 dis.)

Peripheral
vascular

(0.3%; 2 dis.)

Neurodegenerative–
vascular

(5.4%; 5 dis.)

Neurodegenerative–
vascular

(4.8%; 3 dis.)
Sensory

processing
(0.1%; 2 dis.)

Neuromusc.–
depressive (4.9%;

10 dis.)

Neuromusc.–
depressive (11.2%;

8 dis.)

Neuromusc.–
degenerative (15.5%;

5 dis.)
a Number of diseases composing each pattern; b developmental; c musculoskeletal.
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Diseases of the musculoskeletal system were systematically associated with a variety of chronic
conditions in the different age groups. In the pediatric population, we identified a growth–
developmental pattern, with kyphoscoliosis, behavior problems and endocrine disorders. In women
between 15–29 years old, kyphoscoliosis was associated with behavior problems and dermatitis
and eczema, in an allergic–growth–developmental pattern. In women between 30–74 years of age,
we identified a neuromusculoskeletal–depressive pattern, with kyphoscoliosis, cervical pain syndromes,
peripheral neuropathy, neuritis and depression among the main pathologic conditions. Osteoporosis
was also among the leading conditions of this pattern, especially in women 60–74 years of age. In older
age groups, a neuromusculoskeletal–depressive pattern included arthropathy, osteoporosis, varicose
veins of the lower extremities, cataracts, aphakia, and hearing loss; this pattern was the most prevalent
in women over 75 years of age.

3.3. Multimorbidity Patterns in Men

We identified an allergic pattern in the pediatric population and men between 30–44 years of age.
This pattern included dermatitis, eczema, and asthma; in the age group 30–44 years old, it also included
psoriasis. In adolescents and young adults aged 15–29 years, allergic conditions were associated with
growth and developmental disorders.

In men, a metabolic pattern was the most common pattern in every age group in which it was
present—from 15 to 89 years old. In the pediatric population, obesity, behavior problems, and attention
deficit disorder were among the main conditions of a growth–developmental pattern.

We observed systematic associations with various chronic diseases of the circulatory system above
45 years of age. A cardiovascular pattern in men between 45–59 years old included cardiac arrhythmia,
ischemic heart disease, and other cardiovascular disorders; its prevalence was approximately four in
every 1000 men. In men over 60 years of age, congestive heart failure and other circulatory diseases
were associated with emphysema, chronic bronchitis, chronic obstructive pulmonary disease, and other
respiratory disorders in a cardiorespiratory pattern.

In men 60–74 years old, we found a peripheral vascular pattern with varicose veins of lower
extremities and chronic ulcer of the skin. In older men, we observed a neurodegenerative–vascular
pattern.

Depression was associated with many other chronic pathologic conditions in men above 15 years
of age, except in the group aged 75–89 years old. We identified a mental health pattern in men
15–59 years of age. Substance use disorder was associated with depression, anxiety and neurosis in
men 15–44 years old, and with schizophrenia and affective psychosis in men 45–59 years old. In older
age groups, depression was associated with various diseases of the musculoskeletal system.

A pattern of vision problems and hearing loss was described in men aged 30–44 years, otherwise
referred to as a sensory processing pattern. These conditions were associated with musculoskeletal
diseases in other age groups, vision problems in individuals from 15 to 59 years of age, and hearing
loss in those over the age of 30 years. In the pediatric population, vision problems were included in the
growth–developmental pattern.

As observed in women, diseases of the musculoskeletal system were also systematically associated
with a variety of different chronic conditions in men. In adolescents and young men between
15–29 years old, kyphoscoliosis and congenital anomalies of the extremities were associated with
behavior problems, asthma, and dermatitis and eczema in an allergic–growth–developmental pattern.
In men between 45–74 years old, we found a neuromusculoskeletal–depressive pattern with cervical
pain syndromes, depression, and peripheral neuropathy among the primary pathologic conditions.
In men over 60 years of age, arthropathy was also among the leading conditions of this pattern.
In men above 75 years of age, arthropathy was associated with ophthalmologic conditions such as
cataracts and aphakia, varicose veins of the lower extremities, and various other chronic conditions,
in a neuromusculoskeletal–degenerative pattern. This was the most common multimorbidity pattern
in men above 90 years of age, being present in approximately one in two individuals.
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4. Discussion

This population-based study shows that multimorbidity affects people of all ages, and thus that it
should not be seen as a simple problem of ageing. Even in the pediatric population, we found that
one in ten individuals had at least two chronic diseases. We were also able to identify systematic
associations between various chronic conditions in all age groups and in both genders. We saw that
multimorbidity tends to cluster diseases not necessarily from the same specialty; this observation
constitutes a challenge for clinicians who often need to stretch their competencies, as well as for patients
who may be advised to combine two or more slightly different guidance proposals.

Multimorbidity constitutes a severe problem for healthcare systems, as it is associated with poorer
health outcomes and more frequent use of healthcare services, as well as higher costs [23,24]. It has been
estimated that about 50 million people in the European Union live with multiple chronic diseases [25,26].
Although a significant part of healthcare resources support patients with multimorbidity [26], we have
not achieved considerably improved health outcomes in this population. There are several widely
used risk assessment tools for some chronic conditions, such as the Framingham risk score and the
Systematic Coronary Risk Evaluation (SCORE) risk charts for cardiovascular diseases [27,28]. However,
the presence of complex conditions in patients with multimorbidity is more challenging to assess.
The prevention of either the deterioration or co-occurrence of additional comorbidity is still a challenge
for clinicians, partially due to a lack of specific assessment tools. Therefore, there is a lot of interest
in designing new approaches for patients with multiple chronic conditions. In order to achieve that,
more work on the epidemiology of multimorbidity is needed, based especially on large, less biased,
real-world data.

Studies focused on multimorbidity patterns may provide useful information on how to
improve preventive strategies and clinical management in patients with multiple chronic conditions.
The identification of systematic associations between chronic diseases beyond chance is essential,
in order to generate new hypotheses about biological interactions among diseases, and to study
the impact of the morbidity burden on health outcomes, from public health and person-centered
perspectives [29,30].

There is a great diversity in the medical literature regarding the nature and prevalence of
multimorbidity patterns across different studies, partially due to different methodological approaches
used on selecting and coding diseases, as well as due to different population samples [31]. A more
uniform methodological framework would improve the external validity and generalizability of the
findings, and this is crucial mainly due to the uncertainty about the effectiveness of interventions that
are targeted at people with multiple chronic conditions [32,33]. In this study, we aimed to provide
a detailed description of the methodology used, so that our readers could correctly interpret our
results and make plausible comparisons with findings from other studies. We performed a factor
analysis using tetrachoric correlation matrices, as this is the most widely used analytical approach
for identifying multimorbidity patterns [34]. Moreover, we included all chronic conditions that were
registered in the EHRs of the patients, in order to enhance external validity [33,34].

One of the most consistent patterns among the different age groups, and in both genders, was
the metabolic one, consisting of hypertension, diabetes, dyslipidemia and obesity. Patients with
a metabolic pattern may present a metabolic syndrome, if certain criteria are met [35–37]. In men
45–59 years old, gout was also associated with a metabolic pattern. The association between gout
and metabolic pattern is well described in the literature [38], although, in some studies, gout was
observed in older age groups [13,15]. The associations between gout and metabolic syndrome could
be partially explained as a result of causal comorbidity, due to the common risk factors that these
conditions share [39–41]. Although the metabolic pattern was common among old adults, it seems that
it may also be present in younger age groups. Previous studies reported a cardiometabolic pattern,
which included a combination of metabolic pattern conditions with cardiovascular diseases, such as
cardiac arrhythmia and angina, especially among the elderly [13,15,38,41]. In this cardiometabolic
pattern, cardiovascular diseases such as ischemic heart disease, congestive heart failure, and cardiac
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arrhythmia, were usually observed after the age of 45 years old and even later in life in women [13,15].
In our study, such cardiovascular diseases were not associated with metabolic syndrome, but with
respiratory disorders. Our findings suggest that a cardiovascular pattern can be observed earlier in
life in men than in women. With time, this pattern also appears to include respiratory disorders,
such as obstructive pulmonary disease. A cardiorespiratory pattern has also been reported by other
authors, especially in studies where cardiovascular and respiratory diseases were not associated with
metabolic syndrome [42–44]. Chronic obstructive pulmonary disease often coexists with various
cardiovascular diseases, such as ischemic heart disease, heart failure and cardiac arrhythmia [45–47].
These conditions share common risk factors, such as smoking and systemic inflammation, and their
coexistence is associated with poorer health outcomes [45–47]. It has been reported that patients with
chronic obstructive pulmonary disease, especially in the under 65s (mid to late middle age), have an
increased risk of cardiovascular comorbidity [45].

Among the most intricate patterns in this study, due to the wide variety of conditions they included,
were the systematic associations between musculoskeletal disorders and other chronic diseases. Similar
patterns have also been reported in the literature, with different names used by the authors to describe
them [38,41]. In the pediatric population and young individuals up to 29 years old, kyphoscoliosis
was associated with visual impairment and behavior problems. In adults, especially in those patterns
that musculoskeletal diseases could cause chronic algic conditions, such as arthropathy and cervical
pain syndromes, mental health comorbidity was frequently present. The most common mental health
conditions associated with musculoskeletal and neurologic diseases in our study were depression,
anxiety and neuroses. The association between depression and anxiety is well documented in the
literature, as also is the association between depression and neurological disorders [48,49]. Various
studies identified a pattern with low back pain, arthropathy and/or osteoporosis associated with either
one or both mental health diseases [15,19,30,38]. An association between chronic pain and depression
has also been reported in the literature [50–52], but more research is needed in this field, mainly
to identify possible common neurophysiological coactivating factors, including medications [53].
Depression and chronic inflammation are both linked to numerous pathologic conditions [54–57].
In men 75–89 years old, we found that depression was associated with neurodegenerative diseases.
Depression and anxiety are common comorbidities in patients with neurodegenerative conditions,
such as Alzheimer’s disease and Parkinson´s disease [58,59]; however, more studies are needed to
understand how these conditions interact. The relationship between depression and dementia is
fascinating and many researchers have tried to reveal its nature [60].

Both factor analysis and hierarchical clustering studies have identified a pattern of mental health
problems, mainly consisting of depression and anxiety [15,19,34]. Some studies have reported that
migraines may also be included in this pattern [34]. Although few authors include substance use
disorders in their study, there are reports of systematic associations between these conditions and
depression in men [13,15]. Numerous studies found strong associations between substance use
disorders and mental health conditions as well, such as depression and psychosis [61–64]. Another
important issue is that substance use disorders include substances that could establish a potential risk
of drug–drug interactions with psychotropic medication, as is the case of alcohol, which could result in
sedation and drowsiness [19,65]. A recent study reported important cases of drug–drug interactions
and prescribing cascades in many multimorbidity patterns, especially in patterns with mental health
problems and respiratory conditions [19].

One of the main priorities for public health systems worldwide is to improve healthcare practices for
patients with multiple chronic conditions by implementing a person-centered approach. The prevention
or proactive follow-up of complex multimorbid patients may have a better chance if it is based on
information extracted by broad national population-level data analysis. Pattern analysis or clustering
could provide a method through which to design educational activities for healthcare professionals on
how to handle patients with multiple chronic conditions and to use the available resources efficiently.
Besides the positive outcomes of analyzing multimorbidity patterns, it is too early to know if these
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could or should be used when predicting the progress or complexity of the patient or disease. Future
longitudinal studies might provide more information on these aspects, especially to identify possible
common risk factors for multimorbidity in the general population and specific risk factors for additional
comorbidity in patients who already present a multimorbidity pattern.

The specifics of this work, which are crucial when counting on it for support in decision making,
are that it is based on a large-scale population study, including 98% of the reference population.
Moreover, we exhaustively studied the multimorbidity of the population by including in the analyses
a total of 114 chronic condition diagnoses that were extracted from patients´ EHRs from both primary
and hospital care, and not only the most prevalent or severe diseases, commonly limited to 40 chronic
conditions, while also grouping some, which might have affected the findings. Counting on the
data from patients´ EHRs and expanding it to primary and hospital care allows us to have a less
biased perspective, compared to single-source or patient-reported data analysis. In addition, data in
the EpiChron Cohort undergoes continuous quality control checkups that ensure its accuracy and
reliability for research purposes, despite the fact that EHRs were not originally created for research.
Moreover, we imposed no age restrictions on our study of multimorbidity patterns, compared to most
studies that focus only on the oldest of the old or on populations over 18 years of age at most.

One of the main limitations of this work lies in the cross-sectional nature of the study.
We characterized the multimorbidity patterns for a given timeframe, without considering either
the time elapsed since the diagnosis of each disease, or the chronological appearance of comorbidities
over time. In this regard, we aimed to study the baseline multimorbidity patterns of the population at
entry to the cohort, and our next step will be to conduct longitudinal studies to analyze the evolution
of the patterns over a 10-year period. Another limitation of our study is the unavailability of certain
variables that would have been of interest for studying the differences in the multimorbidity patterns
based on sociodemographic factors, lifestyle, clinical and functional variables.

5. Conclusions

Multimorbidity is one of the big challenges the ageing population is facing, while healthcare
is unprepared to treat or oversee many conditions all at once, with very high quality but extremely
specialized medical personnel on the battleground. Large population-level databases are becoming
available and, with increasing data mining capabilities as well as artificial intelligence, it is time to
start benefiting from real-world data when planning healthcare resources and educational programs
for both healthcare professionals and patients. Clinical–epidemiological studies like ours are needed
to reveal systematic associations between chronic conditions in the form of disease patterns that
share similarities and differences between genders and age groups. Our findings may provide useful
information in designing models of care for patients with multiple chronic conditions, encouraging
proactiveness, and supporting clinicians with useful and appropriate tools.
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