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Background and Aims. There is a growing need for evidence based answers to multimor-
bidity, especially in primary care settings. The aim was estimate the prevalence and
patterns of multimorbidity in a Mexican population of public health institution users
$60 years old.

Methods. Observational and multicenter study was carried out in four family medicine
units in Mexico City; included older men and women who attended at least one consul-
tation with their family doctor during 2013. The most common diseases were grouped
into 11 domains. The observed and expected rates, as well as the prevalence ratios, were
calculated for the pairs of the more common domains. Logistic regression models were
developed to estimate the magnitude of the association. Cluster and principal components
analyses were performed to identify multimorbidity patterns.

Results. Half of all of the patients who were$60 years old and treated by a family doctor
had multimorbidity. The most common disease domains were hypertensive and endocrine
diseases. The highest prevalence of multimorbidity concerned the renal domain. The
domain pairs with the strongest associations were endocrine þ renal and
hypertension þ cardiac. The cluster and principal components analyses revealed five
consistent patterns of multimorbidity.

Conclusions. The domains grouped into five patterns could establish the framework for
developing treatment guides, deepen the knowledge of multimorbidity, develop strategies
to prevent it, decrease its burden, and align health services to the care needs that doctors
face in daily practice. � 2017 IMSS. Published by Elsevier Inc.
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Introduction

Multimorbidity is the concurrence of two or more chronic
diseases in one person (1,2). Reports of its prevalence vary
between 20 and 30% of the general population and between
55 and 98% among older adults (1). This age-related differ-
ence is due to various reasons, including the source of
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information used (e.g., questionnaires, clinical records,
administrative data), the methodology applied, the analyzed
age groups, the diagnoses considered, and the population
studied (3e6). Furthermore, this condition has had a global
effect because of the rapid modification of the demographic
structure in recent decades in most countries (7,8). The
World Health Organization reported that life expectancy
exceeded 70 years old in 2013, and this longevity trend is
on the raise (9,10). Worldwide, the proportion of people
$60 years of age has gradually increased. In 1960, this
age group represented 8.1% of the world’s population; in
2000 and 2013, these figures were 10% and 11.7%,
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respectively (11). Also, chronic health problems replaced
infectious diseases as the main reason for seeking health-
care over the last century (1). In 1990, 26.6 million deaths
resulting from non-communicable diseases (NCDs) were
reported throughout the world, a figure that increased to
34.5 million in 2010 (12). Besides, the incidence and
mortality of NCDs increase with age; in 2012, 58% of all
deaths related to NCDs happened among people over
70 years old (9).

Often, patients with NCDs have more than one chronic
disease, which makes their treatment more complex and re-
quires permanent monitoring for their control (13). These
situations place pressure on healthcare systems to provide
efficient and quality care that prioritizes primary care
(3,14e16) to reduce the risks of hospitalization, premature
death, loss of functionality, depression, polymedication,
and poor quality of life (1).

According to the 2010 census data, ten million adults
$60 years old live in Mexico, representing 9% of the total
population, with an annual growth rate of 3.8% (17). Of
these adults, 36.2% are affiliated with the Mexican Social
Security Institute (IMSS in Spanish) (18) which is the
largest public healthcare institution in Mexico that provides
services to formal workers and their families. The fre-
quency of NCDs in the Mexican population over 60 years
old reaches up to 67% (19), and multimorbidity rates are
also high in this age group. For example, a study of older
adult users of the family medicine services of the IMSS
with non-cancer pain syndrome found that the average
number of NCDs per older adult was 3.6 (SD � 1.4)
(20). However, studies on the patterns of multimorbidity
in this age group are scarce. The objective of this study
was to estimate the prevalence and patterns of multimorbid-
ity in a sample of older adults attending to IMSS family
medicine units (FMUs).
Table 1. The domains included in the analysis and the ICD-10 codes

included in the domains

Number Domain ICD-10 codes

1. Endocrine E10eE14

2. Psychological F32, F32.0, F32.1, F33, F33.0eF33.4,
F40eF48

3. Neurological G20, G25.9, G30, G43, G44, G51, G45,

G57.0, G62.8, G62.9, G63

4. Hypertension I10eI15

5. Cardiac I20, I20.0eI20.9, I25, I49.8, I49.9, I50.0

6. Vascular E78.0eE78.5, I70, I83, I87.2

7. Respiratory J40, J42, J43, J44, J45

8. Upper

gastrointestinal

K21, K25, K26, K27, K28, K29, K29.7

9. Musculoskeletal M05, M06, M06.8, M06.9, M13, M15,

M16, M17, M18, M19, M20, M54,

M79, M80, M81

10. Renal N18.0eN18.9, N19

11. Neoplasia C00eD48
Material and Methods

Design and Procedures

This observational, retrospective and multicenter study was
based on information extracted from the electronic clinical
records (ECRs) of four IMSS FMUs (two located north and
two south of Mexico City). These FMUs were selected for
having similar characteristics on their structure, organiza-
tion, services provided, and number of affiliates.

The sample consisted of 77,573 men and women aged
$60 years who attended at least one consultation with their
family doctor during 2013. The age, sex, and diagnosis of
each patient were extracted from the ECRs and coded based
on the Internal Classification of Diseases and Related
Health Problems (ICD-10).

The Medical Research Committee of the IMSS approved
this study, considering it exempt from informed consent
because participants were not at risk (i.e., anonymous infor-
mation collected from ECRs).

ECR Characteristics and Disease Selection

The IMSS ECRs are composed of several databases that are
interconnected with information concerning medical his-
tories, physical exams, medical visit notes, the progression
of patients with specific diseases (e.g., diabetes, prenatal
care, and hypertension), and care provided by other levels
of care and services. The notes from each visit include the
registry of the codified diagnoses based on the ICD-10. To
select the diagnoses to be analyzed, two investigators
(DML and HRM) reviewed the frequencies of the
diagnoses recorded during the patients’ last visits and group-
ed them into domains based on the criteria proposed by
other authors (4) that are supported by the domains of the
Cumulative Illness Rating Scale (CIRS). In total, 11
domains were included, and each one consisted of its respec-
tive ICD-10 codes (Table 1). Multimorbidity was defined as
the presence of morbidity in two or more domains.

Statistical Analysis

Prevalence was calculated per 100 people for each domain
selected and considering the presence or absence of multi-
morbidity. In addition, the rates were estimated for the most
common pairs of domains. The estimated prevalence (i.e.,
the product of the individual rates) and the prevalence ratio
(observed/expected) were calculated for each pair of do-
mains. We used the c2 test to determine the independence
of each pair of domains, and built logistic regression
models (both crude and adjusted for age, sex, and the other
domains) between each pair of domains to estimate the
magnitude of their association.

To establish multimorbidity patterns, we used cluster
and principal components analyses as grouping methods.
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The cluster analysis grouped domains based on their rela-
tive proximity. Within the hierarchical clustering
approach each domain starts as an individual cluster that
gradually merges with the closest clusters. Subsequently,
we evaluated the number of clusters through using a
dendrogram and the agglomeration coefficient. To mea-
sure and evaluate the distance between two clusters, the
average linkage method and Yule’s Q similarity measure
were used.

The principal components analysis was performed with
varimax rotation to facilitate the interpretation of the
component loads. To determine the optimal number of
components, the comparative fit index and the Tucker-
Lewis index were used, and the criterion for the loading
factors was fixed at $0.30. STATA version 11 was used
to perform the statistical analyses.
Results

The analyzed sample included 77,573 adults$60 years old,
of whom 58.2% were women. The average age of the sam-
ple was 70.5 � 8 years; 17.9% (n 5 13,583) had no record
of chronic disease, 32.1% (n 5 24,914) were diagnosed
with a chronic disease, and the remaining 50% reported
multimorbidity.

The most prevalent disease domains in the sample were
hypertension (49.5%), endocrine (32.7%), musculoskeletal
(26.2%), and vascular (21.9%). The highest prevalence that
we detected as a unique domain was hypertension (11.7%),
and the lowest was renal (0.2%); however, the highest prev-
alence of multimorbidity (92.3%), with 3.3 � 1.1 domains
(Table 2), was found for those who were in the renal
domain. Into each domain, diseases with highest prevalence
were hypertension, diabetes mellitus, disorders of lipopro-
tein metabolism, and venous insufficiency chronic periph-
eral; the rest showed prevalence lower than 10% (Table 3).

Table 4 shows the observed and expected rates of the 19
pairs of domains that coincided as well as their crude and
Table 2. Prevalence of selected domains

Domain

Total One

n Prevalence n

Hypertension 38,405 49.5 9,111

Endocrine 25,371 32.7 6,682

Musculoskeletal 20,306 26.2 3,919

Vascular 16,974 21.9 2,031

Respiratory 6,099 7.9 820

Upper gastrointestinal 5,268 6.8 555

Cardiac 4,000 5.2 403

Psychological 3,659 4.7 379

Neurological 2,633 3.4 354

Neoplasia 2,561 3.3 497

Renal 2,130 2.7 164
adjusted odds ratios (ORs). Of the pairs of analyzed do-
mains, 11 had a greater chance of associating (i.e., an
observed prevalence higher than expected), a finding that
was maintained in the crude logistic regression. After
adjusting for age, sex, and the other domains, the
endocrine þ vascular combination was no longer significant.
However, the pairs of domains that coincided and had stron-
ger association were endocrine þ renal (OR 5 3.60; 95%
CIs 5 3.27e3.91), hypertension þ cardiac (OR 5 2.57;
95% CIs 5 2.39e2.75), and hypertension þ renal
(OR 5 2.50; 95% CIs 5 2.26e2.73).

A cluster analysis based on the domains in which we
used the average linkage method and Yule’s Q similarity
value showed an integration of five clusters. The cluster that
had the shortest distance integrated the endocrine and renal
domains; the second cluster included the cardiac, respira-
tory, and hypertension domains; the third grouped the psy-
chological and neurological domains; the fourth cluster
included the vascular, upper gastrointestinal, and musculo-
skeletal domains; and the fifth cluster included the
neoplasia domain (Figure 1).

The principal components analysis produced five eigen-
values greater than one, which were obtained from the in-
teractions; thus, five components were integrated. Loads
of the domains $0.30 that integrated component 1 were
the vascular, upper gastrointestinal, and musculoskeletal
domains; the component 2 loads were the hypertension,
cardiac, and respiratory domains; the component 3 load
was neoplasia; the component 4 loads were the psycholog-
ical, neurological, and renal domains; and the component 5
load was the endocrine domain (Table 5).
Discussion

This study revealed consistent associations among the stud-
ied domains and identified multimorbidity patterns using
different analysis methods. The prevalence results showed
that for every 100 patients $60 years old who were treated
disease Multimorbidity

Prevalence n Prevalence Mean ± SD

11.7 29,294 76.3 2.7 � 0.8

8.6 18,689 73.7 2.8 � 0.9

5.1 16,387 80.7 2.8 � 0.9

2.6 14,943 88.0 2.9 � 0.9

1.1 5,279 86.6 3.1 � 1.0

0.7 4,713 89.5 3.2 � 1.0

0.5 3,597 89.9 3.2 � 1.1

0.5 3,280 89.6 3.2 � 1.0

0.5 2,279 86.6 3.1 � 1.0

0.6 2,064 80.6 3.0 � 1.0

0.2 1,966 92.3 3.3 � 1.1



Table 3. Prevalence of diseases in each domain

Domains and diseases Prevalence

1. Endocrine

Diabetes mellitus 32.7

2. Pshychological

Depression 0.1

Neurotic disorders 4.7

3. Neurological

Parkinson’s disease 0.9

Alzheimer’s disease 0.3

Migraine and other headache syndromes 1.3

Transient cerebral ischaemic attacks 0.2

Other polyneuropathies 0.7

4. Hypertension 49.5

5. Cardiac

Ischemic heart diseases 4.2

Arrhytmias 0.9

Heart failure 0.3

6. Vascular

Disorders of lipoprotein metabolism 14.1

Atherosclerosis 0.1

Venous insufficiency chronic peripheral 10.1

7. Respiratory

Bronchitis 1.2

Emphysema and other obstructive pulmonary

disease

6.8

Asthma 0.7

8. Upper gastrointestinal

Gastro-oesophageal reflux disease 0.7

Gastric, duodenal, peptic, and gastrojejunal ulcer 0.1

Gastritis 6.1

9. Musculoskeletal

Rheumatoid arthritis 1.9

Other arthritis 0.8

Arthrosis 18.1

Acquired deformities of fingers and toes 0.4

Dorsalgia 6.8

Soft tissue disorders 0.6

Osteoporosis with and without fracture 2.5

10. Renal

Chronic renal failure 2.7

11. Neoplasia 3.3
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by a family doctor, 50 showed multimorbidity. Although it
is challenging to make comparisons because of the varia-
tions in the source of data used, the age groups, and the dis-
eases studied, this result is consistent with a recent report in
Australia, despite that represents a different context than
Mexico (21). Besides, the higher prevalence of the hyper-
tension and endocrine domains in the individual analysis
of domains coincides with the results of a population-
based survey for this same age group conducted in 2012
(18), and in the case of hypertension, the individual analysis
of domains coincides with results in other populations
(21e23).

The finding regarding the combination of conditions is
noticeable because the prevalence of multimorbidity was
higher in the presence of the diseases included in the renal
domain but lower in the endocrine and hypertension
domains. Other authors have reported up to a 25
times higher likelihood of multimorbidity in patients with
kidney failure, whereas this probability has been reported
as three times greater in patients with hypertension (24).

A notable result is that of the 11 pairs of diseases that
coincided, two of the three pairs that included the highest
association included the hypertension domain (with cardiac
and renal), and the highest prevalence included the renal
domain (with endocrine). From a pathophysiological view-
point, this result is plausible because kidney failure is a
complication linked to diabetes mellitus (via the endocrine
domain) (25,26) and hypertension (27). In ischemic heart
disease, the presence of arrhythmias and heart failure
(i.e., cardiac diseases included in the cardiac domain) are
complications related to hypertension (27,28). The identifi-
cation of the endocrine domain association with the renal
domain is particularly important in Mexico because be-
tween 15% and 30% of patients with diabetes already have
microalbuminuria at the time of diagnosis (24). Moreover,
diabetes was the cause of end-stage kidney disease in
approximately 40% of patients who underwent peritoneal
dialysis (29).

A cluster analysis made it possible to obtain a complete
profile of the association between diseases in this popula-
tion and confirm some of the associations that have been re-
ported. For example, the association between the cardiac
and respiratory domains has been described in the literature
and has epidemiological (30,31) and physiological support
(32,33). The integration of the psychological and neurolog-
ical domains has emerged as the potential mechanism for
the presence of the alterations in the regulatory mood cir-
cuits caused by vascular problems. The presence of cogni-
tive impairment, among others, has been reported as a risk
factor for depression and anxiety (23,34e36). The associa-
tions among the vascular, upper gastrointestinal, and
musculoskeletal domains can be explained from two per-
spectives: the first is related to the connective tissue
changes that occur in aging, which has been linked to a
low-grade inflammation process (37e39); the second is
related to the adverse events related to the pharmacological
treatment of diseases included in the musculoskeletal
domain. Importantly, this combination of diseases has
already been reported (39,40). Finally, the separation of
the neoplasia domain into its own cluster seems reasonable
because this group of diseases is heterogeneous. Although
the most common risk factors (age, smoking, poor diet,
obesity, and physical inactivity) are shared by other condi-
tions (41), the risk factors of a specific tumor can be unique,
as has been documented (21,42), which supports this
finding.

Although the cluster analysis was based on distance and
the principal components analysis was based on correla-
tions, the results obtained are generally consistent. The dif-
ferences between both can be explained because the cluster
analysis places each domain in a single cluster, whereas the
principal components analysis places them in more than



Table 4. The pairs of domains that coincide as well as their observed and expected rates per 100 inhabitants

Domains n

Prevalence

Observed/Expected pb

Logistic regression OR (95% CIs)

Observed Expecteda Simple Adjusted

Hypertension þ Endocrine 14,787 19.1 16.2 1.18 0.0 1.6 (1.6e1.7) 1.7 (1.6e1.7)
Hypertension þ Musculoskeletal 10,759 13.9 13.0 1.07 0.0 1.2 (1.1e1.2) 1.1 (1.1e1.2)

Hypertension þ Vascular 9,914 12.8 10.8 1.18 0.0 1.5 (1.5e1.6) 1.6 (1.5e1.6)

Hypertension þ Respiratory 3,707 4.8 3.9 1.23 0.0 1.6 (1.5e1.7) 1.5 (1.4e1.6)

Hypertension þ Upper gastrointestinal 2,860 3.7 3.4 1.10 0.0 1.2 (1.3e1.6) 1.2 (1.2e1.4)
Hypertension þ Cardiac 2,817 3.6 2.6 1.42 0.0 2. 5 (2.3e2.7) 2.5 (2.3e2.7)

Hypertension þ Psychological 2,044 2.6 2.3 1.13 0.0 1.3 (1.2e1.4) 1.2 (1.1e1.3)

Hypertension þ Neurological 1,412 1.8 1.7 1.08 0.0 1.1 (1.1e1.2) 1.2 (0.9e1.0)

Hypertension þ Neoplasia 1,269 1.6 1.6 1.00 0.9 1.0 (0.9e1.0) 1.0 (0.9e1.1)
Hypertension þ Renal 1,492 1.9 1.4 1.41 0.0 2.4 (2.2e2.6) 2.5 (2.2e2.7)

Endocrine þ Musculoskeletal 5,195 6.7 8.6 0.78 0.0 0.6 (0.6e0.6) 0.6 (0.6e0.6)

Endocrine þ Vascular 5,672 7.3 7.2 1.02 0.0 1.0 (1.0e1.0) 1.0 (0.9e1.0)
Endocrine þ Respiratory 1,718 2.2 2.6 0.86 0.0 0.7 (0.7e0.8) 0.8 (0.7e0.8)

Endocrine þ Upper gastrointestinal 1,454 1.9 2.2 0.84 0.0 0.7 (0.7e0.8) 0.7 (0.7e0.8)

Endocrine þ Cardiac 1,344 1.7 1.7 1.03 0.2 1.0 (0.9e1.1) 1.0 (1.0e1.1)

Endocrine þ Psychological 1,015 1.3 1.5 0.85 0.0 0.7 (0.7e0.8) 0.7 (0.7e0.8)
Endocrine þ Neurological 857 1.1 1.1 1.00 0.8 0.9 (0.8e0.9) 1.0 (0.9e1.0)

Endocrine þ Neoplasia 702 0.9 1.1 0.84 0.0 0.7 (0.7e0.8) 0.7 (0.7e0.8)

Endocrine þ Renal 1,321 1.7 0.9 1.90 0.0 3.5 (3.1e3.8) 3.60 (3.2e3.9)

aProduct of the individual rates; bc2 test of independence between the observed and expected rates.
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one. Identifying of multimorbidity patterns could be poten-
tially applicable from clinical perspective for designing
treatment and prognosis guidelines. In the public health
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Table 5. Loads of the domains with values $0.30

Domains

Components

1 2 3 4 5

Prevalence 54.8 62.5 3.3 10.9 32.7

Hypertension 0.4007

Endocrine 0.6438

Musculoskeletal 0.5472

Vascular 0.3464

Respiratory 0.5575

Upper gastrointestinal 0.3289

Cardiac 0.5884

Psychological 0.4409

Neurological 0.5558

Neoplasia 0.6154

Renal 0.3578
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Some limitations should be recognized. The use of ECRs
as a source of information is not free from underreporting
errors in diagnosis, severity and duration of diseases. Like-
wise, although this study included an analysis of a large
population of older adults, they are users of healthcare ser-
vices at an urban institution; therefore, the reported results
only represent the rates in this population. Additional pop-
ulation surveys will be potential sources of information to
confirm these findings, and longitudinal studies will allow
evaluating possible modifications of diseases patterns as
consequence of their complexity.
Conclusions

This study identified relevant evidence of the health status of
older adults attending primary care services that can inform
health policies for this age group. In a context of growing
complexity of the interrelationships among the domains re-
sulting from this study, is reasonable to determine that
healthcare services require new models of care and innova-
tive approaches to integrate better prevention and treatment
of common chronic diseases and their combinations. In this
sense, is clear that priority should be directed toward primary
care, since it is the frontline that must be reoriented and
strengthened (13) because is this level of care where older
adults with multimorbidity are often treated. The complexity
of multimorbidity patterns should fuel the development of
clinical practice guidelines congruent with this new scenario
that also must be into the academic curriculum and
continuing education programs of health care providers
(14). Resilient healthcare systems should be able to tackle
this challenge to be able to achieve the health objectives of
the population under their care.
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