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Abstract

Objective: To compare the similarities among the multimorbidity patterns identified in primary care patients from two
European regions (Spain and the Netherlands) with similar organisational features of their primary care systems, using
validated methodologies.

Methodology: This observational, retrospective, multicentre study analysed information from primary care electronic
medical records. Multimorbidity patterns were assessed using exploratory factor analysis of the diagnostic information of
patients over 14 years of age. The analysis was stratified by age groups and sex.

Results: The analysis of Dutch data revealed a higher prevalence of multimorbidity which corresponds with the clustering of
a higher number of diseases in each of the patterns. Relevant clinical similarities were found between both countries for
three multimorbidity patterns that were previously identified in the original Spanish study: cardiometabolic, mechanical and
psychiatric-substance abuse. In addition, the clinical evolution towards complexity of the cardiometabolic pattern with
advancing age -already demonstrated in the original study- was corroborated in the Dutch context. A clear association
between mechanical and psychosocial disorders was unique to the Dutch population, as well as the recurrent presentation
of the psychiatric-substance abuse pattern in all age and sex groups.

Conclusions: The similarities found for the cardiometabolic, mechanical and psychiatric-substance abuse patterns in
primary care patients from two different European countries could offer initial clues for the elaboration of clinical practice
guidelines, if further evidenced in other contexts. This study also endorses the use of primary care electronic medical
records for the epidemiologic characterization of multimorbidity.
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Introduction clinical and epidemiological understanding of the synergies and
effects associated with coexisting diseases [6]. Studies aimed at
classifying non-random associations between diseases into patterns
and identifying the potential factors underlying such associations
have emerged gradually in the last five years [7-9]. A recent
population-based study carried out among adult patients who were
treated in several Spanish primary care health centres revealed five
multimorbidity patterns (cardiometabolic, mechanical, psychoge-
riatric, psychiatric-substance abuse, and depressive) [10]. This
paper describes an external validation of these results, by applying
the same methodology to data from another geographical setting
with comparable socio-economic and health care features.
Further knowledge regarding the similarities and differences
between the patterns obtained in different countries is expected to

Multimorbidity, which refers to the coexistence of two or more
chronic conditions, is highly prevalent in older populations and, in
absolute numbers, even more common in the adult population [1].
As a consequence, many people experience a decline of functional
capacity and decreased quality of life, which leads to higher health
care costs [2-4]. The negative outcomes associated with multi-
morbidity are largely attributable to the single-disease orientation
of modern medicine [5], although diseases are rarely presented in
isolation.

Lately, the global move towards the primary care-led manage-
ment of chronic diseases has incorporated the analysis of
multimorbidity patterns into the research agenda, with the goal
of providing health and social care professionals with a better
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Table 2. Diseases included in the multimorbidity patterns identified in the Spanish population.

Pattern

Diseases

Cardiometabolic

Mechanical

Psychiatric-substance abuse

Depressive

Psychogeriatric

Acute myocardial infarction, Cardiac arrhythmia, Cardiovascular disorders (other), Chronic liver disease, Congestive heart failure,
Diabetes, Disorders of lipoid metabolism, Emphysema/chronic bronchitis/Chronic Obstructive Pulmonary Disease (COPD),
Generalized atherosclerosis, Gout, Haematologic disorders (other), Hypertension, Iron deficiency/other deficiency anaemias,
Ischemic heart disease, Obesity and Substance use.

Anxiety/neuroses, Arthropathy, Behaviour problems, Cervical pain syndromes, Deafness/hearing loss, Dermatitis/eczema, Disease
of hair and hair follicles, Disorders of lipoid metabolism, Diverticular disease of colon, Gastro-oesophageal reflux (GERD), Iron
deficiency/other deficiency anaemia, Low back pain, Obesity, Osteoporosis, Prostatic hypertrophy, Thyroid disease, Varicose veins
of lower extremities.

Affective psychosis, Anxiety/neuroses, Arthropathy, Behaviour problems, Cerebrovascular disease, Cervical pain syndromes,
Chronic ulcer of the skin, Congestive heart failure, Dementia/delirium, Dermatitis/eczema, Depression, Disease of hair and hair
follicles, Disorders of lipoid metabolism, Diverticular disease of colon, GERD, Iron deficiency/other deficiency anaemia, Low back
pain, Neuroses, Obesity, Osteoporosis, Parkinson’s disease, Prostatic hypertrophy, Schizophrenia/affective psychosis, Substance
use, Thyroid disease and Varicose veins of lower extremities.

Behaviour problems and Depression.

Behaviour problems, Cardiac arrhythmia, Cerebrovascular disease, Chronic ulcers of the skin, Congestive heart failure, Dementia/
delirium, Iron deficiency/other deficiency anaemias, Osteoporosis and Parkinson’s disease.

doi:10.1371/journal.pone.0100375.t002

pave the way for the establishment of a sound and rigorous
methodology for the identification of patterns of multimorbidity.

The present work aims to assess the similarities among the
multimorbidity patterns identified in primary care patients from
two European regions (Spain and the Netherlands) with similar
organisational features of their primary care systems, using
validated methods.

Methods

Study population and variables

Data for the Spanish population were obtained from electronic
medical records of people over 14 years of age who consulted their
general practitioner at least once in 2008 at any of the 19 primary
health care centres included in this study. The centres were located
in two north-eastern regions of Spain and had more than two
years of experience using electronic records by all general
practitioners and nurses [10]. Each primary care health centre
has a geographically delimited population assigned to it and all
types of patients and health problems, except for medical
emergencies, are initially attended there.

Data for the Dutch population derived from the Registration
Network Family Practices of The Netherlands (RegistratieNet
Huisartspraktijken, RNH) [11]. The RNH is a dynamic and
computerised database starting in 1987 which contains the
medical records of 21 family practices in the south of the
Netherlands, currently covering information of over 80,000
patients. General practitioners taking part in the RNH continu-
ously register patient characteristics and relevant health problems
and use of medication according to standardised procedures. The
quality of the data is ascertained by ample instructions and
training sessions, regular regional consensus groups, quality
control audits, an online thesaurus available during data-entry
and systematic control for erroneous or missing entries.

Both primary care databases contain basic demographics as well
as all relevant health problems affecting the present functional
status of patients and/or their future functioning coded using the
International Classification of Primary Care (ICPC) [12]. To
guarantee the comparability and quality of the data, only the
episodes of those patients who remained in the database for the
entire study years (2008 and 2010, respectively) were included in
the study.

PLOS ONE | www.plosone.org

To facilitate the management of diagnostic information, diseases
were grouped according to the Expanded Diagnostic Clusters
(EDC) of the ACG system in both contexts. This system groups
ICPC codes into 260 EDCs based on the clinical, diagnostic and
therapeutic similarities of diseases [13]. The selection of chronic
EDCs was similar to a previously validated list containing 114
EDCs [14].

All information was anonymised using a unique patient
identifier. The Spanish database was approved by the Clinical
Research Ethics Committee of Aragon (CEICA). In the Nether-
lands, no ethical approval is necessary when analysing anonymised
data [15].

Statistical analysis

The statistical analysis applied to the Dutch data was the same
as that performed in the original Spanish study, and previously by
other authors [16]. More specifically, an exploratory factor
analysis was conducted analysing the clustering of the 114 selected
EDCs. This statistical technique allows for groups of correlated
diseases (i.e. factors) to be identified, under the assumption that
they share some underlying common trait. In addition, it enables
that a given disease belongs to more than one factor at the same
time. The factors resulting from this analysis were interpreted as
multimorbidity patterns (i.e. diseases non-randomly associated to
each other). Given that exploratory factor analysis requires data to
be in a continuous format, which is not feasible for diagnostic
variables of a dichotomous nature, we employed tetra-choric
correlation matrices where no assumptions are made on the
distribution of the variables [17].

The extraction of the disease patterns was based on the
principal factor method, and the number of factors to extract was
established using a scree plot [18]. The scree plots obtained in
both contexts can be seen in the supplemental file (File S1). An
oblique rotation (Oblimin) was performed to allow a better
interpretation of the factor analysis. The sampling adequacy was
analysed using the Kaiser-Meyer-Olkin (KMO) parameter, and
the cumulative fraction of total variance was used as a measure of
the model’s goodness of fit.

To determine which health problems (EDCs) belonged to each
of the multimorbidity patterns, those with scores equal to or
greater than 0.25 for each factor were selected. To calculate the
prevalence of the patterns according to the most common
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Table 3. Patterns in males 15 to 44 years of age.

Prevalence of

diseases (%) NL* SP

Psychiatric-

NL SP Factor 1 Factor 2 Factor 3 Cardiometabolic substance abuse
Prevalence of patterns (%) - - 117 4.37 1.35 0.93 1.53
Allergy
Asthma 8.27 228 0.08 0.09 —0.22 -0.1 0.04
Cardiovascular
Disorders of lipid metabolism 1.58 454 0.88 0.00 —0.01 0.42 0.29
Hypertension 1.69 1.83 0.58 —0.1 0.29 0.65 0.13
Ear, Nose, Throat
Deafness, hearing loss 1.24 0.47 —0.01 0.03 0.09
Endocrine
Diabetes 1.1 1.09 0.88 0.00 —0.11 0.46 0.05
Thyroid disease 0.21 1.24 0.14 0.15
Gastrointestinal/Hepatic
Gastro-oesophageal reflux 1.18 0.83 0.1 0.32 0.39
Musculoskeletal
Arthropathy 3.55 447 0.08 0.08 0.49 0.12 —0.03
Cervical pain syndromes 0.67 239 0.14 0.02
Kyphoscoliosis 113 0.28 -0.79 0.17 0.44
Low back pain 4.11 9.02 0.05 0.06 0.64 0.04 —0.02
Neurologic
Developmental disorder 3.57 0.1 —0.16 0.55 —0.46
Seizure disorder 1.1 0.52 —0.05 0.32 —0.04
Nutrition
Obesity 3.06 1.75 0.52 0.13 0.2 0.45 0.26
Psychosocial
Anxiety, neuroses 6.26 6.69 0.00 0.74 0.14 0.03 0.39
Attention deficit disorder 1.67 0.17 —0.15 0.63 —0.41
Behaviour problems 2.02 0.99 0.04 0.3 —0.02
Depression 2.26 043 0.08 0.59 0.44
Personality disorders 1.88 0.39 0.03 0.59 0.15
Schizophrenia and affective psychosis 0.85 1.01 0.01 0.36
Substance use 3.19 1.51 0.03 0.53 0.1 —0.08 0.53
Skin
Dermatitis and eczema 6.7 4.08 0.02 0.04 —0.07 0.09 0.03
Psoriasis 1.59 0.67 0.06 0.04 0.16
The scores of those health problems belonging to each factor are highlighted in bold.
NL: The Netherlands; SP: Spain.
*KMO: 0.61.
*Percentage of cumulative variance: 37.78%.
doi:10.1371/journal.pone.0100375.t003

definition of multimorbidity, an individual was assigned a specific Results

pattern of multimorbidity if he/she presented at least two of the
diseases included in the pattern. The entire analysis was stratified
by age groups (1544, 45-64, =65) and sex.

As in the original work in the Spanish setting, only diagnoses
with a prevalence equal to or greater than 1% in each age and sex
group were included in the analyses so as to increase the
epidemiological interest of the study.

The STATA 12.0 software was used to conduct the statistical
analysis.

PLOS ONE | www.plosone.org

The Dutch study population consisted of 79,291 individuals and
the Spanish one of 275,682, with a slightly smaller proportion of
middle age individuals in the latter group (Table 1). Multi-
morbidity was present in all age and sex groups, and increasing
with age in both study populations. However, for all age and sex
groups in the Dutch setting the number of chronic conditions with
a prevalence equal to or greater than 1% was higher compared to
the Spanish population, resulting in a higher prevalence of
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Table 4. Patterns in males 45 to 64 years of age.

Prevalence (%) NL* SP

NL SP Factor 1 Factor 2 Cardiometabolic Mechanical
Prevalence of patterns (%) — — 19.41 11.36 9.20 4.86
Allergy
Asthma 5.36 1.31 —0.01 0.19 —0.08 0.23
Cardiovascular
Acute myocardial infarction 1.81 1.75 0.52 -0.13 0.3 —0.03
Cardiac arrhythmia 2.66 1.42 0.42 —0.05 0.44 —0.08
Cardiac valve disorders 133 0.36 0.42 —0.06
Cardiovascular disorders, other 2.73 1.07 0.39 0.10 0.19 0.02
Disorders of lipid metabolism 1.1 19.25 0.53 0.02 0.24 0.17
Generalised atherosclerosis 235 1.19 0.47 0.09 0.45 —0.01
Hypertension 171 20.8 0.57 0.00 0.42 0.14
Ischemic heart disease (excluding AMI) 5.73 1.86 0.63 0.01 0.35 —0.08
Ear, Nose, Throat
Deafness, hearing loss 4.47 113 0.04 0.17 —0.08 0.26
Endocrine
Diabetes 8.37 10.22 0.69 —0.04 0.46 —0.07
Other endocrine disorders 1.65 0.69 0.26 0.17
Thyroid disease 0.92 233 0.19 0.06
Eye
Cataract, aphakia 1.44 0.89 0.32 —0.01
Glaucoma 0.66 1.37 0.10 0.10
Retinal disorders (excluding diabetic retinopathy) 1.65 0.48 0.65 —0.28
Gastrointestinal/Hepatic
Chronic liver disease 117 1.49 0.16 0.41 0.33 —0.06
Diverticular disease of colon 13 0.29 0.12 0.27
Gastro-oesophageal reflux 3.83 1.8 0.03 0.31 —0.05 0.34
Inflammatory bowel disease 1.05 0.24 —0.06 0.16
Irritable bowel syndrome 143 0.37 —0.02 0.37
General Surgery
Varicose veins of lower extremities 178 1.42 0.1 0.05 0.01 0.29
Genito-urinary
Prostatic hypertrophy 1.98 4.83 0.16 0.13 0.08 0.30
Renal calculi 2.79 1.55 0.12 0.04 0.06 0.15
Hematologic
Hematologic disorders, other 0.6 1.52 0.21 0.02
Malignancies
Malignant neoplasms of the skin 1.52 0.05 0.06 0.07
Musculoskeletal
Arthropathy 11.67 9.32 0.14 0.21 0.02 0.25
Cervical pain syndromes 3.54 3.12 0.04 0.32 —0.01 0.22
Kyphoscoliosis 1.98 0.08 —0.02 0.15
Low back pain 14.63 13.02 0.05 0.31 —0.02 0.28
Neurologic
Cerebrovascular disease 248 0.96 0.41 0.06
Neurologic disorders, other 1.52 0.38 0.09 0.29
Peripheral neuropathy, neuritis 3.67 1.03 0.32 0.22 0.09 0.12
Seizure disorder 1.34 0.51 0.06 0.22
Nutrition
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multimorbidity (43.8% vs. 36.8%). Also, a higher number of
diseases per multimorbidity pattern was found in the Netherlands
in comparison to Spain (an average of 12 vs. six).

Multimorbidity patterns in Spain

In the original Spanish study [10] five multimorbidity patterns
were identified: cardiometabolic, mechanical, psychiatric-sub-
stance abuse, depressive, psychogeriatric (Table 2). The first two
showed a progression over time with the gradual inclusion of
expected disease complications. Three of them affected both sexes
(cardiometabolic, mechanical and psychogeriatric), and two of
them were present exclusively in men or women (psychiatric-
substance abuse and depressive, respectively) (Tables 3, 4, 5, 6, 7,
and 8).

Multimorbidity patterns in the Netherlands

Young Dutch men. In total, 6.3% of young Dutch men were
assigned to at least one of the three factors obtained for this age
group (Table 3). Factor 1 clustered cardiovascular conditions,
diabetes and obesity, which are also present in the Spanish
cardiometabolic pattern. Factor 2 clustered diseases similar to the
Spanish psychiatric-substance abuse pattern, given the common
presence of psychosocial and neurologic diseases, and gastro-
oesophageal reflux, but with additional psychosocial and neuro-
logic diseases in the former case. Factor 3, finally, combined
musculoskeletal conditions, gastro-oesophageal reflux, hyperten-
sion and depression.

Middle age Dutch men. Over a quarter of Dutch men in
this age group (27.3%) were assigned to at least one of the two
identified factors (Table 4). The first one was similar to Factor 1
found for young men, but also included cardiovascular, endocrine,
neurologic and eye disorders, and gout. Many of the diseases

PLOS ONE | www.plosone.org

Table 4. Cont.

Prevalence (%) NL* SP

NL SP Factor 1 Factor 2 Cardiometabolic Mechanical
Prevalence of patterns (%) — — 19.41 11.36 9.20 4.86
Obesity 8.42 341 0.51 0.11 0.27 0.26
Psychosocial
Anxiety, neuroses 6.69 8.85 —0.03 0.48 0.17 0.1
Behaviour problems 2.29 0.9 0.12 0.36
Depression 4.74 0.86 —0.08 0.51
Personality disorders 2.02 0.22 —0.27 0.69
Schizophrenia and affective psyc. 0.64 1.01 0.02 —0.08
Substance use 439 1.98 —0.02 0.56 0.34 —0.14
Respiratory
Emphysema, chronic bronchitis, COPD 435 2.34 0.11 0.29 0.36 0.09
Rheumatologic
Gout 342 1.39 0.35 0.09 0.16 0.17
Skin
Dermatitis and eczema 5.39 5.14 0.04 0.12 0.05 0.23
Psoriasis 3.61 1.13 0.06 0.04 0.04 0.06
The scores of those health problems belonging to each factor are highlighted in bold.
NL: The Netherlands; SP: Spain.
*KMO: 0.68.
*Percentage of cumulative variance: 18.98%.
doi:10.1371/journal.pone.0100375.t004

found, especially the cardiovascular disorders, were also present in
the Spanish cardiometabolic pattern. The second factor comprised
psychosocial, gastrointestinal/hepatic, musculoskeletal and neuro-
logic conditions, as well as COPD. Two of these diseases (gastro-
oesophageal reflux and low back pain) were also present in the
Spanish factor covering the mechanical pattern.

Older Dutch men. Two thirds of the men in this age group
(66.9%) were assigned to at least one of the two factors identified
for this group (Table 5). Factor 1 (with a prevalence as high as
66.6%), clustered a number of diseases, amongst which cardio-
vascular diseases, diabetes, thyroid disease, obesity and a variety of
other disorders. This group of disorders showed manifest
similarities to the Spanish cardiometabolic pattern, given that
over one third of the diseases comprising the Dutch factor (various
cardiovascular diseases, diabetes, iron deficiency, obesity and gout)
was also present in the Spanish results. Factor 2 encompassed
various psychosocial and gastrointestinal-hepatic diseases, hema-
tologic disorders, mild malignancies, obesity and psoriasis.

Young Dutch women. At least one of the three factors
identified for young Dutch women were present in 12% of this
group (Table 6). Factor 1 included musculoskeletal diseases,
obesity, thyroid disease and other endocrine and skin disorders
along with other health problems. Some of these diseases (thyroid
disease, varicose veins, arthropathy and dermatitis/eczema) were
also included in the Spanish mechanical pattern. Factor 2
comprised psychosocial diseases and irritable bowel syndrome,
and in Factor 3 neurologic diseases and kyphoscoliosis were
associated.

Middle age Dutch women. Two patterns affecting more
than a quarter of these women (26.2%) were identified (Table 7).
Factor 1 covered cardiovascular diseases, diabetes, obesity,
arthropathy, thyroid disease and other disorders. Three of these
diseases (hypertension, diabetes and obesity) were also present in
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Table 5. Patterns in males 65 years of age and older.

Prevalence (%) NL* SP

Psycho-

NL SP Factor 1 Factor 2 Cardiometabolic geriatric Mechanical
Prevalence of patterns (%) — — 66.55 2.99 21.20 2.36 13.56
Allergy
Asthma 5.21 1.27 0.22 0.12 -0.12 —0.08 0.18
Cardiovascular
Acute myocardial infarction 53 3.21 0.27 0.02 0.23 —0.02 —0.06
Cardiac arrhythmia 11.01 5.88 0.48 —0.11 0.34 0.19 0.09
Cardiac valve disorders 5.28 0.76 0.46 —0.08
Cardiovascular disorders, other 8.49 2.55 0.43 —0.09 0.25 0.05 0.00
Congestive heart failure 4.05 1.83 0.62 —0.09 0.52 0.25 0.03
Disorders of lipid metabolism 17.78 17.69 0.29 0.18 0.09 —-0.17 0.17
Generalised atherosclerosis 9.45 3.28 0.49 0.01 0.28 0.17 0.08
Hypertension 35.16 40.95 0.32 0.05 0.34 —0.10 0.09
Ischemic heart disease (excluding AMI) 21.62 552 0.52 0.01 0.20 0.04 0.18
Ear, Nose, Throat
Deafness, hearing loss 15.78 1.77 0.36 —0.07 —0.04 —0.11 0.14
Endocrine
Diabetes 19.27 19.72 0.41 0.11 0.36 0.03 —0.09
Osteoporosis 244 1.18 0.2 —0.18 —0.21 0.35 0.40
Other endocrine disorders 2.81 0.75 0.29 0.20
Thyroid disease 1.73 2.81 0.27 —0.05 0.06 0.16 0.20
Eye
Cataract, aphakia 12.44 6.03 0.47 —0.13 0.09 —0.05 0.19
Glaucoma 2.84 349 0.10 —0.27 0.04 0.00 0.11
Retinal disorders (excluding diab. retin.) 5.43 0.82 0.33 —0.06
Gastrointestinal/Hepatic
Chronic liver disease 1.23 0.96 0.10 0.53
Diverticular disease of colon 5.48 0.77 0.27 0.17
Gastro-oesophageal reflux 5.91 24 0.23 0.14 —0.06 0.09 0.30
Inflammatory bowel disease 1.27 0.2 0.20 0.01
Irritable bowel syndrome 1.61 03 —0.08 0.49
General Surgery
Varicose veins of lower extremities 333 2.24 0.18 —0.02 0.05 0.05 0.19
Genito-urinary
Prostatic hypertrophy 11.35 15.08 0.14 0.02 —0.07 —0.04 0.31
Prostatitis 1.31 0.66 —0.13 0.02
Renal calculi 4.01 1.03 0.19 —0.07
Hematologic
Hematologic disorders, other 1.38 2.64 0.23 0.33 0.35 —0.07 0.01
Iron deficiency, other deficiency anaemias 2.75 4.47 0.46 —0.08 0.29 0.33 0.15
Thrombophlebitis 133 0.78 0.03 —0.10
Malignancies
Mild malignant neoplasms 1.8 2.42 0.05 0.32 0.00 0.05 0.14
Malignant neoplasms of the skin 5.84 0.21 0.17 —0.01
Malignant neoplasms, bladder 1.73 0.81 0.07 —0.19
Malignant neoplasms, colorectal 2.59 1.42 0.16 -0.19 0.07 0.07 0.00
Malignant neoplasms, prostate 5.64 3.06 0.11 —0.17 —0.03 0.19 —0.02
Musculoskeletal
Arthropathy 19.78 13.65 0.32 0.1 0.03 —0.02 0.29
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the Spanish cardiometabolic pattern. Factor 2 consisted of
psychosocial, neurologic and gastrointestinal disorders, in addition
to cervical pain and COPD. Again, three of these conditions
(gastro-oesophageal reflux, cervical pain syndrome and anxiety/
neuroses) coincided with the Spanish mechanical pattern, and two
(behaviour problems and depression) with the Spanish depressive
pattern.

Older Dutch women. Almost two out of three women
(64.8%) were assigned to at least one of the three factors identified
in this age group (Table 8). The first factor, affecting almost half of
them (46.1%), was conformed by cardiovascular diseases, diabetes
and other endocrine, eye and neurologic disorders, as well as
obesity, gout, iron deficiency and deafness. This factor clearly
reminded of the Spanish cardiometabolic pattern. Several other
conditions of this first factor were included in the Spanish
psychogeriatric pattern (congestive heart failure, cardiac arrhyth-
mia, iron deficiency, cerebrovascular disease and dementia).
Factor 2 included psychological diseases, also included in the

PLOS ONE | www.plosone.org 8

Table 5. Cont.

Prevalence (%) NL* SP

Psycho-

NL SP Factor 1 Factor 2  Cardiometabolic geriatric Mechanical
Prevalence of patterns (%) — — 66.55 2.99 21.20 2.36 13.56
Cervical pain syndromes 5.54 2.79 0.18 0.15 —0.03 —0.06 0.29
Kyphoscoliosis 2.53 0.08 0.1 —0.02
Low back pain 20.49 13.44 0.26 0.07 —0.01 —0.02 0.36
Neurologic
Cerebrovascular disease 10.29 3.78 0.40 —0.20 0.20 0.25 0.00
Dementia and delirium 2.64 4.04 0.23 —0.48 —0.08 0.38 0.10
Neurologic disorders, other 2.02 0.48 0.18 0.00
Parkinson’s disease 1.32 1.25 0.05 —0.64 0.02 0.35 0.00
Peripheral neuropathy, neuritis 6.22 1.37 0.34 0.16 0.19 0.01 0.15
Seizure disorder 1.38 0.52 0.1 —0.47
Nutrition
Obesity 9.47 3.12 0.38 0.27 0.29 -0.22 0.04
Psychosocial
Anxiety, neuroses 5.82 6.63 0.13 0.18 0.03 0.20 0.28
Behaviour problems 1.31 1.19 0.2 0.42 0.04 0.28 0.04
Depression 3.24 0.74 0.18 —0.04
Substance use 3.02 0.83 0.1 0.25
Reconstructive
Chronic ulcer of the skin 0.54 1.14 0.23 0.59 —0.15
Respiratory
Emphysema, chronic bronchitis, COPD 13.03 9.57 0.33 0.00 0.15 0.12 0.24
Rheumatologic
Gout 6.45 2.02 0.32 0.21 0.27 —0.08 0.03
Skin
Dermatitis and eczema 573 7.76 0.15 —0.03 0.00 0.04 0.32
Psoriasis 4.23 1.06 0.12 0.42 0.04 —0.08 0.11
The scores of those health problems belonging to each factor are highlighted in bold.
NL: The Netherlands; SP: Spain.
*KMO: 0.66.
*Percentage of cumulative variance: 13.17%.
doi:10.1371/journal.pone.0100375.t005

Spanish depressive pattern, along with inflammatory bowel
disease, renal calculi and mild malignancies. Finally, Factor 3
with a prevalence as high as 43.1%, grouped musculoskeletal and
gastrointestinal/hepatic disorders, among others. Half of these
diseases were also found in the Spanish mechanical pattern
(osteoporosis, gastro-oesophageal reflux, diverticular disease of the
colon, varicose veins, arthropathy, cervical pain, low back pain,
anxiety/neuroses, and dermatitis/eczema).

Discussion

Main findings

In this first population-based study comparing multimorbidity
patterns in two different European regions, relevant similarities
were found for three of the five patterns identified in the original
Spanish study, namely the cardiometabolic, mechanical and
psychiatric-substance abuse. The analysis of Dutch data revealed
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Table 6. Patterns in females 15 to 44 years of age.

Patterns of Multimorbidity in Two European Regions

Prevalence (%) NL* SP

NL SP Factor 1 Factor 2 Factor 3 Cardiometabolic Mechanical
Prevalence of patterns (%) — — 8.30 4.26 0.17 0.38 3.69
Allergy
Asthma 8.41 239 0.35 —0.02 0.15 0.18 —0.02
Cardiovascular
Disorders of lipid metabolism 0.91 2.21 0.33 0.16
Hypertension 1.87 1.06 0.34 0.15 —0.09 0.60 0.04
Endocrine
Other endocrine disorders 24 0.94 0.31 0.01 0.02
Thyroid disease 1.31 4.33 0.53 —0.09 —0.04 0.14 0.25
Gastrointestinal/Hepatic
Irritable bowel syndrome 3.17 0.32 0.20 0.27 —0.03
General Surgery
Varicose veins of lower extremities 2.08 1.75 0.27 —0.13 —0.59 —0.02 0.36
Hematologic
Iron deficiency, other deficiency anemias 0.75 4.38 0.03 0.30
Musculoskeletal
Arthropathy 3.89 4.82 0.58 0.02 0.04 0.09 0.26
Cervical pain syndromes 1.26 4.43 0.08 0.22 —0.84 —0.04 0.32
Kyphoscoliosis 1.62 0.41 0.29 —0.24 0.58
Low back pain 4.33 10.35 0.47 0.17 —0.20 0.05 0.22
Neurologic
Developmental disorder 1.87 0.11 —0.02 0.22 0.89
Peripheral neuropathy, neuritis 1.57 0.91 0.57 0.12 —0.05
Seizure disorder 1.04 0.44 0.03 0.24 0.31
Nutrition
Obesity 4.77 2.55 0.56 0.10 0.01 0.56 0.09
Psychosocial
Anxiety, neuroses 8.08 11.69 0.03 0.73 0.09 0.10 0.22
Behaviour problems 1.86 1.75 0.09 0.49 0.04 0.04 0.27
Depression 4.67 0.86 0.13 0.57 —0.10
Personality disorders 2.64 0.32 —0.07 0.89 —0.01
Substance use 127 0.29 —0.14 0.69 0.04
Skin
Dermatitis and eczema 9.51 4.75 0.29 —0.05 0.05 0.03 0.29
Disease of hair and hair follicles 0.47 1.28 —0.09 0.26
Psoriasis 1.7 0.47 0.25 —0.01 —0.11

NL: The Netherlands; SP: Spain.

*KMO: 0.61.

*Percentage of cumulative variance: 36.74%.
doi:10.1371/journal.pone.0100375.t006

a higher prevalence of multimorbidity which corresponds with the
clustering of a higher number of diseases in each of the patterns.

Interpretation of findings

To date, very few studies focusing on disease patterns
encompass populations covering broad age ranges. This study
attempts to take into account health problems throughout the
entire lifespan, supporting the generalizability of the findings [19].
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The scores of those health problems belonging to each factor are highlighted in bold.

Additionally, previous studies on multimorbidity patterns have
used a variety of methodologies with respect to sample size,
participant age, recruitment strategy, data sources, number of
baseline diseases and statistical procedures. This heterogeneity
makes comparisons between studies difficult [7].

The pattern with highest similarities in the Spanish and Dutch
results was the cardiometabolic one. This pattern, as shown in the
Spanish study [10] and also recently brought to light in a
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Table 7. Patterns in females 45 to 64 years of age.

Patterns of Multimorbidity in Two European Regions

Prevalence (%) NL* SP
Factor Factor
NL SP 1 2 Cardiometabolic Mechanical Depressive
Prevalence of patterns (%) — — 21.26 8.02 4.04 16.64 0.12
Allergy
Asthma 6.63 247 0.09 0.21 0.03 0.18 —0.01
Cardiovascular
Cardiac arrhythmia 2.09 0.75 0.44 0.05
Cardiac valve disorders 12 0.22 0.36 0.06
Cardiovascular disorders, other 1.76 134 0.54 —0.04 0.07 0.17 0.02
Disorders of lipoid metabolism 7.84 16.22 0.44 0.02 0.21 0.19 —0.08
Generalised atherosclerosis 1.96 0.45 0.33 0.23
Hypertension 15.98 15.72 0.55 —0.1 0.77 —0.11 0.02
Ischemic heart disease (excluding AMI) 214 0.4 0.51 0.14
Ear, Nose, Throat
Deafness, hearing loss 2.67 0.89 0.16 0.17
Endocrine
Diabetes 5.59 5.16 0.61 —0.06 0.58 —0.1 0.02
Osteoporosis 435 8.89 0.23 0.2 —0.03 0.25 —0.14
Other endocrine disorders 4.71 173 0.26 0.02 0.05 0.03 0.21
Thyroid disease 437 9.26 0.3 —-0.04 0.07 0.29 —0.16
Eye
Cataract, aphakia 1.42 0.86 0.53 —0.21
Glaucoma 0.74 1.62 0.16 0.12 0.1
Retinal disorders (excluding diab. retin.) 1.18 0.37 0.6 —0.23
Female Reproductive
Utero-vaginal prolapse 2.18 0.56 0.2 —0.06
Gastrointestinal/Hepatic
Diverticular disease of colon 1.36 0.33 0.34 0.2
Gastro-oesophageal reflux 3.32 2.1 0.25 0.31 0.05 0.4 0.04
Inflammatory bowel disease 1.24 0.19 —0.06 0.19
Irritable bowel syndrome 3.25 0.57 0.06 0.43
General Surgery
Chronic cystic disease of the breast 2.51 0.73 0.05 0.08
Renal calculi 12 0.93 0.14 0.1
Varicose veins of lower extremities 7.22 4.93 0.18 0.07 0.01 0.26 0.07
Hematologic
Hematologic disorders, other 0.94 1.31 0.08 0.13 —0.06
Iron deficiency, other deficiency anemias 1.59 4.26 0.13 0.21 —0.02 0.17 —0.02
Malignancies
Mild malignant neoplasms 0.87 1.88 0 0.12 —0.33
Malignant neoplasms of the skin 23 0.05 0.07 —0.02
Malignant neoplasms of the breast 2.92 0.28 0.02 —0.05
Musculoskeletal
Arthropathy 12.67 14.81 0.28 0.15 0.09 0.21 0.19
Cervical pain syndromes 4.02 6.15 0.08 0.32 —0.07 0.29 0.1
Kyphoscoliosis 1.88 0.3 0.06 0.18
Low back pain 12.77 17.19 0.21 0.23 0.02 0.28 0.16
Neurologic
Cerebrovascular disease 2.03 0.46 0.42 0.09
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systematic review [7], was present in all age and sex groups, except
in young Dutch women. However, for the Dutch population the
pattern presented earlier in life and with more complex health
problems. For example, cardiovascular diseases such as acute
myocardial infarction and cardiac arrhythmia, which appeared in
the Dutch population at middle ages, were only present in Spanish
women of older age.

The greater complexity of multimorbidity patterns in the Dutch
population starting at middle age could be partly explained by the
use of different diagnostic protocols in the two countries. In this
regard, it is worth mentioning that in 2010 functional payments for
the total episode of care were introduced in general practice in the
Netherlands for specific conditions (diabetes, COPD, heart failure)
and cardiovascular risk management, under the premise that this
new payment system would improve the position of the patient
and the quality of care [20]. It could be argued that this type of
measures has enhanced the active detection and management of
cardiovascular conditions.

In the Dutch population, a mechanical component was evident
in young and elderly women and in men up to middle age,
comparable to the Spanish mechanical pattern. Diseases such as
arthropathy, cervical and low back pain, varicose veins of the
lower extremities, gastro-oesophageal reflux, anxiety and obesity
coincided in both studies and confirm previous results found by
other authors [7,21,22]. However, in most of the Dutch age and
sex groups, this pattern was expanded with psychosocial diseases
(substance use, behavioural problems, personality disorders and
depression). This was previously described in the literature,
particularly for working-age populations [23,24].
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Table 7. Cont.

Prevalence (%) NL* SP

Factor Factor

NL SP 1 2 Cardiometabolic Mechanical Depressive
Prevalence of patterns (%) — — 21.26 8.02 4.04 16.64 0.12
Neurologic disorders, other 1.68 0.61 0.21 0.33
Peripheral neuropathy, neuritis 491 246 0.29 0.15 0.03 0.23 0.06
Seizure disorder 1.05 0.4 —0.02 0.34
Nutrition
Obesity 8.48 5.49 0.57 0.02 0.37 0.16 0.03
Psychosocial
Anxiety, neuroses 8.91 18.53 —0.05 0.65 —0.01 0.34 —0.16
Behaviour problems 1.46 1.8 0.02 0.54 —0.02 0.2 0.29
Depression 6.54 2.18 —0.08 0.51 —0.01 0.06 0.68
Personality disorders 1.99 0.32 -0.26 0.77
Substance use 19 0.42 —-0.12  0.62
Respiratory
Emphysema, chronic bronchitis, COPD 4.31 0.78 0.14 0.48
Skin
Dermatitis and eczema 7.96 5.47 0.08 0.11 0.02 0.25 0.05
Disease of hair and hair follicles 1.01 0.96 0.11 0.01
Psoriasis 3.39 0.81 0.09 0.07
The scores of those health problems belonging to each factor are highlighted in bold.
NL: The Netherlands; SP: Spain.
*KMO: 0.67.
*Percentage of cumulative variance: 17.59%.
doi:10.1371/journal.pone.0100375.t007

Two of the diseases associated with the psychiatric-substance
abuse pattern described in young Spanish men (substance use and
anxiety/neuroses) together with other psychosocial conditions
were also present in the Dutch population, but in all age and sex
groups. The recurrent presentation of this cluster of psychosocial
problems in the Dutch population could be a consequence of the
development in the past 15 years of the Dutch mental health
sector; about half of Dutch adults with a serious mental or
addictive disorder receive care and two-thirds of them receive
satisfactory care [25].

Strengths and limitations

The main strengths of the present study are the similarities
concerning the study populations and the organisational features
of primary care in both the Spanish and Dutch contexts. Both
studies were based on primary care populations served by general
practitioners who systematically register diagnoses using ICGPC.
Moreover, the public nature of both health care systems and the
high access of citizens, as well as the one-year observation periods
guarantee that selection bias is reduced. Still, several limitations
need to be considered.

Diagnostic habits and registration of clinical data may vary in
the two countries, due to differences in the level of professional
training, the degree of implementation or content of clinical
practice guidelines, the use of active protocols for detecting certain
diseases, organisational factors, etc. Indeed, the Dutch general
practice holds an outstanding position regarding quality assurance
and guideline implementation with respect to other European
countries [20]. Regarding differences in the registration proce-
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Table 8. Patterns in females 65 years of age and older.

Prevalence (%)  NL* SP

Factor Factor Factor Psycho-

NL SP 1 2 3 Cardiometabolic geriatric Mechanical Depressive
Prevalence of patterns (%) — — 46.07 1.04 43.07 17.30 3.48 33.30 0.16
Allergy
Asthma 5.38 2.87 -0.05 0.19 0.31 0.12 —0.02 0.23 —0.01
Cardiovascular
Acute myocardial infarction 2.37 0.93 0.46 —0.01 —0.09
Cardiac arrhythmia 9.89 5.04 0.54 —0.06 —0.03 0.36 0.34 —0.02 —0.14
Cardiac valve disorders 5.48 0.95 0.53 —0.11 —0.02
Cardiovascular disorders, other 5.73 2.93 0.51 —0.05 0.1 0.21 0.1 0.07 0.09
Congestive heart failure 4.05 234 0.74 —0.04 -0.2 0.37 0.39 —0.04 0.03
Disorders of lipoid metabolism 18.99 20.31 0.24 0.17 0.13 0.04 —-0.16 0.25 —0.06
Generalised atherosclerosis 6.36 1.24 0.49 0.09 0.02 0.09 0.23 0.07 —0.14
Hypertension 40.89 45.86 0.44 0.04 —-002 0.44 —0.08 0.11 0.03
Ischemic heart disease (excluding AMI) 11.94 2.78 0.56 0.13 0.08 0.29 0.18 0.09 —0.06
Ear, Nose, Throat
Deafness, hearing loss 11.54 1.77 0.28 —0.01 0.15 0.02 0.03 0.17 0.13
Endocrine
Diabetes 17.82 14.83 0.43 -0.06 0.1 0.46 0.04 -0.13 —0.02
Osteoporosis 16.2 13.26 0.05 0.01 0.25 —0.17 —0.07 0.4 —0.07
Other endocrine disorders 7 1.49 0.25 0.14 0.15 0.14 0 0.1 0.18
Thyroid disease 6.4 7.22 0.17 0.1 0.11 0.02 0.01 0.25 -0.13
Eye
Cataract, aphakia 16.49 7.28 0.38 —0.01 0.15 0.06 —0.01 0.22 0.09
Glaucoma 3.19 4.07 0.2 0.04 —0.01 0.07 —0.01 0.2 0.02
Retinal disorders (excluding diab. retin.) 6.91 0.86 0.39 0 0.12
Female Reproductive
Utero-vaginal prolapse 537 0.88 0.01 -0.16 0.26
Gastrointestinal/Hepatic
Chronic liver disease 1.03 0.79 0.07 0.07 0.28
Diverticular disease of colon 6.9 1.23 0.15 —0.02 0.34 —0.08 0.14 0.31 0.01
Gastro-oesophageal reflux 6.95 337 0.08 —0.06 0.39 —0.14 0.13 0.44 0.09
Inflammatory bowel disease 1.09 0.13 0 0.26 —0.02
Irritable bowel syndrome 3.13 0.66 —0.11 0.09 0.45
General Surgery
Chronic cystic disease of the breast 1.55 0.26 —0.42 —0.07 0.43
Renal calculi 179 0.61 —0.08 0.38 0.22
Varicose veins of lower extremities 838 7.58 —0.01 —0.34 0.33 0.05 0.03 0.3 —0.02
Hematologic
Hematologic disorders, other 1.21 2.14 0.24 0 0.19 0.31 0.12 0.01 0.05
Iron deficiency, other deficiency anemias ~ 3.26 6.05 0.45 -0.14  0.08 0.14 0.35 0.1 0
Thrombophlebitis 143 1 0.03 —0.54 0.2
Malignancies
Mild malignant neoplasms 1.9 2.52 0.05 0.41 —0.07 —0.05 0.1 0.11 —0.33
Malignant neoplasms of the skin 4.95 0.08 0.1 —0.04 0.03
Malignant neoplasms, breast 4.97 0.21 0.07 —0.04 0
Malignant neoplasms, colorectal 2.37 0.77 0.13 0.07 —0.07
Musculoskeletal
Arthropathy 30.78 21.55 0.15 -0.16  0.42 0.09 —0.04 0.3 0
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dure, we must bear in mind that the Dutch database was designed
not only for clinical but also research purposes, using quality
improvement procedures. This could explain why some diseases
have a higher prevalence in the Netherlands compared to Spain.
Nevertheless, essential methodological considerations for multi-
morbidity studies [26], such as the use of health information from
primary care patients and the coding of morbidity was identical in
both contexts.

Another limitation, also mentioned in the original Spanish
study, was the cross-sectional design used in both studies, limiting
the establishment of causal relationships and/or the evolution of
patterns over time [27].

The study of the Dutch patterns from the perspective of the
pathophysiology of the identified disease interactions was out of
the scope of this study, focused rather on comparing the
multimorbidity patterns obtained in two different health care
contexts. As a consequence, Dutch patterns lacked specific clinical
labels.

The assessment of the differences/similarities between the
results obtained in both countries was largely qualitative and
descriptive. A statistical analysis of such differences does not seem
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Table 8. Cont.

Prevalence (%)  NL* SP

Factor Factor Factor Psycho-

NL SP 1 2 3 Cardiometabolic geriatric Mechanical Depressive
Prevalence of patterns (%) — — 46.07 1.04 43.07 17.30 3.48 33.30 0.16
Cervical pain syndromes 5.77 3.82 —0.06 0.2 0.46 —0.02 —0.09 0.28 0.01
Kyphoscoliosis 2.72 0.31 —0.09 -0.2 0.48
Low back pain 19.15 18.03 —0.02 —-0.03 0.57 0.05 —0.06 0.34 0.07
Neurologic
Cerebrovascular disease 8.14 2.67 0.45 0.02 0.03 0.08 0.36 —0.03 0.08
Dementia and delirium 3.58 6.41 0.36 0.01 -0.15 -0.13 0.42 —0.01 0
Neurologic disorders, other 239 0.55 0.02 0.05 0.41
Peripheral neuropathy, neuritis 7.29 1.83 0.21 —0.06 0.37 0.1 —0.05 0.15 -0.17
Nutrition
Obesity 11.16 4.96 0.29 —-0.1 0.27 0.3 —0.25 0.13 0.13
Psychosocial
Anxiety, neuroses 8.62 15.18 0 0.24 0.35 —0.07 0.18 0.37 —0.13
Behaviour problems 1.65 2.02 0.15 0.42 0.09 —0.06 0.19 0.17 0.39
Depression 5.49 1.97 0.05 0.25 0.22 0.05 —0.06 0.06 0.79
Substance use 1.77 0.12 —0.04 0.37 0.22
Reconstructive
Chronic ulcer of the skin 1.08 1.67 0.23 -0.78 0.03 0.1 0.5 —0.16 0.02
Respiratory
Emphysema, chronic bronchitis, COPD 7.19 242 0.14 0.17 0.26 0.05 0.18 0.15 0
Rheumatologic
Gout 2.23 0.32 0.43 0.01 —0.07
Skin
Dermatitis and eczema 5.88 6.67 —0.01 —0.21 0.27 0.03 0.02 0.27 0.04
Psoriasis 443 0.6 0.06 0.02 0.15
The scores of those health problems belonging to each factor are highlighted in bold.
NL: The Netherlands; SP: Spain.
*KMO: 0.69.
*Percentage of cumulative variance: 19.02%.
doi:10.1371/journal.pone.0100375.t008

very relevant in this study since, given the large numbers, all
differences are expected to be statistically significant. Therefore, a
qualitative comparison seems to be more pertinent and better
adapted to the clinical appraisal of the associations and
interactions among diseases.

Implications for health care delivery and clinical practice

The similarities found for certain multimorbidity patterns in
primary care patients from two different European countries could
offer initial clues for the elaboration of clinical practice guidelines,
if further evidenced in other contexts. This has been repeatedly
mentioned and urgently requested by the scientific community
[28]. Understanding the way in which pathologies are associated
with one another throughout the lives of individuals, as well as
knowing how frequently these diseases appear, will bring about a
better understanding of multimorbidity. Indeed, the current
definition of multimorbidity based on simple counts of conditions
(e.g., two or more) is unenlightening with respect to addressing the
health problems of multimorbid patients [29;30].

This study also endorses the use of primary care electronic
medical records for the epidemiologic characterization of multi-
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morbidity. Moreover, electronic medical records would enable a
longitudinal approach to the multimorbidity phenomenon.

Supporting Information

File S1 Combined file of supporting figures. Iigure A -
Scree plots for the different age and sex groups in the Spanish
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