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Due to the aging of the population, the prevalence of chronic
diseases is progressively increasing and most older adults
experience the cooccurrence ofmultiple diseases, a condition
known as multimorbidity. It has been estimated that 60% of
persons aged 65 years or older are affected bymultimorbidity,
the reason why the condition is sometimes referred to as the
“most common chronic disease” [1]. The appearance of clus-
ters and patterns of patients and diseases in different context
and populations group has been also demonstrated [2, 3].
Advanced age, female gender, low socioeconomic status, and
education are among the main risk factors for the develop-
ment of multimorbidity.This suggests, for example, that early
life learned risk behaviours may affect the development of
this condition [2]. Compared to those with single conditions,
persons with multimorbidity are more likely to experience
negative health outcomes, including mortality, hospitaliza-
tion, and functional and cognitive decline, leading ultimately
to poorer quality of life and increased care costs. Persons with
multimorbidity have the most complex health needs but, due
to the current disease-oriented approach in healthcare, they
face highly fragmented care that leads to incomplete, ineffi-
cient, ineffective, and even potentially harmful interventions
[4].

In this special issue, investigators reported studies into
the subject from all over the world (i.e., Canada, India,
Panama, Portugal, Netherlands, and UK). They contributed
to increasing the knowledge on multimorbidity by focusing
on clustering of chronic diseases and methods to evalu-
ate multimorbidity and its impact on clinical outcomes,

including functional status, quality of life, compliance to
physical activity, depression, and cognitive impairment.
Sanghamitra Pati and colleagues described and validated a
new tool for multimorbidity assessment in India. Although
it is known that low and middle income countries with
socioeconomic development and westernization of lifestyle
are no longer “immune” to multimorbidity, multimorbidity
is still underexplored in these countries. This study defini-
tively contributed to estimating the magnitude and impact
of multimorbidity in primary care practice populations in
developing countries. Joanna Collerton and colleagues exam-
ined the extent and complexity of the morbidity burden in
the Newcastle 85+ Study, a population-based cohort study.
The authors used cluster analysis to identify patterns of
diseases within multimorbidity and to compare clusters on
medication and healthcare use. A cluster approach was used
also by Sarah Dörenkamp and colleagues.Their objective was
to identify clusters ofmultimorbidity associatedwith physical
activity, using data from the Dutch cohort study SMILE.
They evidenced that the lowest rate of physical activity and
guideline compliance was reported in patients with heart
disease, respiratory disease, and diabetes mellitus. Several
potential uses of a cluster medicine approach deserve to be
highlighted: (1) New research hypotheses on possible shared
pathological pathway for clusters of specific diseases can be
developed. (2) Prevention can be implemented. (3) Groups of
people at high risk of adverse outcomes can be identified. (4)
Prevalence of use of potentially inappropriate medication or
adverse drug reactions could be higher in different clusters.
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(5) Clinical trials could be carried out in groups of the
elderly affected by specific clusters of diseases. (6) Treatment
can be better tailored to the individual person because it
enables actively evaluating the presence of and dealing with
comorbidities known to cooccur. (7) Finally, the severity of
a disease can be approximated by its connections with other
diseases for patientswith the samenumber of diagnoses [3, 5].

Filipe Prazeres and colleagues described the translation
of the European General Practice Research Network Mul-
timorbidity definition according to Portuguese cultural and
linguistic features. The definition of multimorbidity is now
available in a new language, Portuguese. The operationaliza-
tion of the definition and its availability in the local language
will raise Portuguese GPs’ awareness about multimorbidity
and allow future national and international research. Villar-
real and colleagues reported first data on the association of
multimorbidity with the cooccurrence of cognitive impair-
ment and depression alone in older persons living in Panama.
In the older population, depression is frequent and it also
commonly coexists with other chronic medical conditions.
On one hand, chronic diseases increase the risk of depression
due to the presence of disability, pain, and polypharmacy
in multimorbid persons. On the other hand, depression
can negatively affect adherence to medications and to a
healthy lifestyle that are needed to prevent other clinical
conditions.This points at the complexities underlying disease
cooccurrence and the mechanism of reciprocity, which is
a phenomenon that is perhaps understudied in medicine
to understand the relationships between determinants and
outcomes. Finally, Aline Ramond-Roquin and colleagues
evaluated the association between different multimorbidity
measures and physical quality of life. Studies aiming to
quantify the impact of multimorbidity on quality of life
showed wide heterogeneity in terms of the intensity of this
association. It has been suggested that the lack of a uniform
way to measure multimorbidity may explain a significant
part of this variability. The length of the list of candidate
conditions considered has a great impact on the estima-
tions of physical health-related quality of life. The selection
of different methods to measure multimorbidity is critical
in determining both prevalence of multimorbidity and its
association with the outcome of interest. The simple count of
diseases has both advantages and disadvantages. A relevant
advantage of this approach is that it expresses multimorbidity
in an additive form, and it conveniently differentiates people
at each level of morbidity. Second, each individual disease
contributes to the disease count, avoiding problems of insuffi-
cient statistical power, especially if rare diseases are evaluated.
On the contrary, one of the most reported disadvantages is
that all diseases are scored equally, independently of their
severity.

Despite the increasing interest of the researchers in this
field, there is still a remarkable gap between the harmful
impact of multimorbidity at the individual and societal level
and the amount of scientific and clinical research devoted to
this topic. Contributions to this special issue filled some gaps
in the field providing useful tools to measure multimorbidity

and data exploring the prevalence, type, and impact of the
presence of multiple cooccurring diseases.

A. Marengoni
R. J. F. Melis

A. Prados Torres
G. Onder
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Introduction. Multimorbidity adversely affects health-related quality of life. Methodological factors may impact the magnitude
of this relationship. Objective. To evaluate how physical health-related quality of life varies in individuals with multimorbidity
depending on the length of the list of candidate conditions considered.Methods. Secondary analysis from PRECISE, a cohort study
of the general adult population of Quebec, Canada. Multimorbidity was measured using the 21-chronic condition list from the
Disease Burden Morbidity Assessment, and physical health-related quality of life was measured using the physical component
summary (PCS) of SF-12v2. The PCS was calculated, (a) using 2 or more conditions from the 21-condition list (MM2+, 21) and
then from a reduced 6-condition list (MM2+, 6) and (b) using three or more conditions from each list (MM3+, 21, and MM3+, 6).
Results.The analysis included 1,710 individuals (mean age 51.3, 40.5%men).Multimorbidity prevalence ranged from 63.8% (MM2+,
21 conditions) to 3.8% (MM3+, 6 conditions). The mean [95% CI] PCS dropped from 45.7 [CI: 45.0–46.3] (MM2+, 21) to 40.2 [CI:
38.7–41.8] (MM2+, 6) and from 44.2 [CI: 43.4–44.9] (MM3+, 21) to 34.8 [CI: 31.9–37.6] (MM3+, 6). Conclusion. The length of the
list of candidate conditions considered has a great impact on the estimations of physical health-related quality of life.

1. Introduction

Prevalence of multimorbidity, which refers to the cooc-
currence of multiple chronic conditions in the same indi-
vidual, has increased over the last decades in the general
population [1–3]. Because of its association with multiple
negative consequences at the individual, healthcare systems,
and societal levels, multimorbidity is now acknowledged by

some as a research priority [4–6]. Outcomes associated with
multimorbidity still need to be explored.

Health-related quality of life, which is amultidimensional
concept that refers to physical, psychological, and social
domains of health, is adversely affected by the presence of
multimorbidity [7–9]. The increasing number of concurrent
chronic conditions has been found to be strongly associated
with lower scores of health-related quality of life [10–15].This
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association seems to be exacerbated in younger people and
in the most deprived populations and perhaps to a lesser
extent in women [10, 11, 16, 17]. The physical component of
health-related quality of life seems to be more affected by
multimorbidity than the mental component [18, 19].

Studies aiming to quantify the impact of multimorbidity
on the quality of life show wide heterogeneity in terms of
the intensity of this association [18]. It has been suggested
that the lack of a uniform way to measure multimorbidity
may explain a significant part of this variability. However,
these studies also presented other important methodological
differences (population studied, measure of quality of life,
etc.) which prevented the evaluation of the own impact of
multimorbidity measure on the heterogeneity observed.

Multimorbidity can be measured using either simple
count of conditions or weighted measures which take into
account the severity of each existing condition [20]. The use
of weighted measures of multimorbidity seems to reveal a
stronger association with health-related quality of life, prob-
ably because higher scores do not necessarily mean higher
number of chronic conditions [21]. However, most opera-
tional definitions of multimorbidity in the literature have
been based on a simple count of conditions. In such cases, a
minimal number of conditions are required to be considered
as “multimorbid,” often two or more conditions (MM2+) or
three or more conditions (MM3+) in a single individual [22].

Independent of whether a weighted measure or a simple
count is used, an important aspect of its measurement
is the list of conditions screened as present or not in a
given individual.This methodological aspect applies to every
study on multimorbidity. Many different lists of potential
conditions have been proposed, with a median number of 14
conditions [20], with some being as short as six conditions
[9, 19] and others as long as 40 [17, 23]. It is known that
differences in the list of conditions considered to measure
multimorbidity have a considerable influence on estimates
of the prevalence of multimorbidity [24]. However, the
influence of the list of conditions on the estimated level of
the physical component of health-related quality of life in
individuals with multimorbidity has yet to be investigated.

2. Objectives

This study aimed to evaluate how estimates of physical health-
related quality of life vary in individuals with multimorbidity
depending on the length of the list of candidate conditions,
using different operational definitions of multimorbidity.

3. Methods

3.1. Study Design and Setting. This cross-sectional study
builds on a secondary analysis of data collected for a larger
project, the Programof Research on the Evolution of aCohort
Investigating Health System Effects (PRECISE) [25]. This
project aimed to examine the effects of the transformation
of primary healthcare services on a population’s health.
The PRECISE study was conducted in four local health-
care networks in Quebec, Canada, located in metropolitan,

urban, rural, and remote settings. Details of the method and
sampling strategies used are described in the study protocol
reported elsewhere [25].

3.2. Population Recruitment. The present study included a
randomly selected sample recruited from March to April
2010 in the general population by random digital dialing.
Once contact was made, staff selected the eligible adult in the
household with the most recent birthday to ensure random
selection. Participants had to be community-dwelling adults,
aged between 25 and 75 years, without major cognitive
impairment, able to respond to written and oral questions in
English or French, and to reside in one of the four networks
identified.

3.3. Data Collection. At recruitment, participants reported
on sociodemographic information: age, gender, household
income, education level, perceived financial situation, house
ownership, presence or absence of medical insurance, and
possession of a retirement plan. We produced a data-driven
classification of socioeconomic status based on the last
five variables and classified individuals into four clusters:
elite group, middle-high, middle-low, and low. This aimed
to capture the multidimensional nature of socioeconomic
status into a single variable. Definitional criteria for the four
socioeconomic clusters are described elsewhere [26].

Two weeks after recruitment, participants completed a
self-administered questionnaire (paper or online) or a ques-
tionnaire administered by telephone that included sections
tomeasure (1) multimorbidity and (2) physical health-related
quality of life.

Measurement of Multimorbidity. The instrument comprised a
list of 21 chronic conditions adapted from theDisease Burden
Morbidity Assessment (DBMA). It has been validated to
measuremultimorbidity, including validation in a population
from Quebec, with a good predictive value for health-related
quality of life [8, 27, 28]. To determine the presence of a
condition, for 20 out of 21 conditions, the instruction to the
participants was as follows: “Please, indicate if you have been
told by a health professional that you have any of the following
illnesses.” For the 21st condition, “overweight,” the participant
was invited to self-report his or her height and weight,
from which we calculated the Body Mass Index (BMI). We
considered the presence of overweight when the BMI was
higher than 24.9 Kg/m2 [29]. The number of conditions for
each individual was first summedup based on the full list of 21
conditions (shown in the results section). We then summed
up the number of conditions based on a reduced list of six
conditions (out of 21) to correspond to a list previously used
in the literature to study health-related quality of life and
multimorbidity [9, 19]. Any missing value was considered as
an absent condition. We also applied successively two oper-
ational definitions of multimorbidity, MM2+ then MM3+.
Therefore, multimorbidity was successively measured in four
different ways in this study: MM2+ (21); MM2+ (6); MM3+
(21); and MM3+ (6). Given that the list of six conditions
was a sublist of the 21 conditions, it follows that, for each of
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the operational definitions of multimorbidity, the individuals
considered as multimorbid according to the 6-condition list
constituted a subsample of those considered as multimorbid
according to the 21-condition list.

Measurement of Physical Health-Related Quality of Life. The
physical component of health-related quality of life was
measured using the SF-12, version 2 [30, 31], a short form
version of SF-36 [32], a generic instrument validated in a
Canadian population [33].Thephysical component summary
is calculated fromweighted scores of both the mental and the
physical dimensions of the SF-12v2. The physical component
summary ranges from 0 to 100, with a population-normed
mean of 50 and a standard deviation of 10, where a 5-point
difference is considered clinically significant [34]. Lower
scores refer to lower physical quality of life.

3.4. Data Analysis. We first studied the sociodemographic
characteristics and the number of chronic conditions in
the whole population, then in individuals with multimor-
bidity, using successively each of the four multimorbidity
measures. We then looked at an assumption underlying
the main analyses; namely, whether there was a statistically
significant association between multimorbidity and physical
health-related quality of life, adjusted for sociodemographic
covariates, for each of the four multimorbidity measures.

To evaluate how estimates of physical health-related
quality of life vary with the length of the list of candidate
conditions considered, we estimated the average level (mean
values and 95% confidence intervals) of the physical com-
ponent of health-related quality of life in individuals with
multimorbidity and highlighted the resulting variation using
the 21-condition list or the 6-condition list. We conducted
these analyses successively using each of the two operational
definitions of multimorbidity. Finally, we repeated all these
analyses stratifying by age, gender, and socioeconomic status,
in order to determine if the variations observed were consis-
tent within each of these subgroups of individuals. For the
stratified analysis, age was considered in three groups (25–
44 years old, 45–64 years old, and 65–75 years old), based on
previous literature on multimorbidity [35].

Categorical variables were described with absolute num-
bers and percentages. Quantitative variables were described
usingmeans and standard deviations (SD). Confidence inter-
vals (95% CI) around estimated means of physical health-
related quality of life were calculated using standard errors
of the means, with appropriate statistics in the case of small
samples. Analysis of covariance (ANCOVA) was used to
characterize the association between multimorbidity and
physical health-related quality of life, withmodelling physical
health-related quality of life according to multimorbidity
status and sociodemographic covariates. All analyses were
done using the SPSS version 20 software.

The study was approved by the ethics committee of the
Centre de Santé et de Services Sociaux de Chicoutimi, as well
as the research ethics committee ofHôpital Charles Lemoyne,
QC, Canada.

Table 1: Sociodemographic characteristics of the study population
(𝑁 = 1,710).

Study population
Age, mean (SD) 22 missing 51.3 (12.5)
Males, 𝑛 (%): 693 (40.5)
Annual household income (CAN$), 𝑛 (%)
46 missing
Less than 20,000 196 (11.5)
20,000 to 49,999 699 (40.9)
50,000 or more 769 (45.0)

Education level, 𝑛 (%) 8 missing
Less than high school 376 (22.0)
Completed high school 521 (30.5)
College/university 805 (47.1)

Socioeconomic statusa, 𝑛 (%) 66 missing
Low 230 (13.5)
Middle-low 345 (20.2)
Middle-high 733 (42.9)
Elite group 336 (19.6)

SD: standard deviation; aSocioeconomic classes were derived from a data-
driven combination of the following variables: education level, perceived
financial situation, house ownership, presence or absence of medical insur-
ance, and possession of a retirement plan.

4. Results

A total of 1,710 individuals participated in the PRECISE study
and their data were included in these analyses. Among the
study population, mean (SD) age was 51.3 (SD 12.5) years and
there were 693 (40.5%) men. The main sociodemographic
characteristics of the participants are presented in Table 1.

Regarding chronic conditions, absence of overweight
was imputed to 57 individuals due to missing values. For
every other condition, there was either 0 or 1 missing value.
Prevalence of each individual chronic condition in the study
population is shown in Table 2. Considering the 21-condition
list, 272 individuals (15.9%) reported no chronic condition,
and themean number of chronic conditions was 2.9 (SD 2.4).
Alternatively, when the 6-condition list was considered, 1,016
individuals (59.4%) reported no chronic condition and the
mean number of chronic conditions was 0.6 (SD 0.8).

As expected, a clinically and statistically significant asso-
ciation between multimorbidity status and physical health-
related quality of life was observed for each of the four
multimorbidity measures, adjusting for age, gender, and
socioeconomic status. Depending on the multimorbidity
measures, adjusted regression parameters associated with
multimorbidity ranged from 8.57 to 10.92 (𝑝 < 0.001 for each
parameter).

Prevalence of multimorbidity as well as level of physical
health-related quality of life in those considered as mul-
timorbid largely varied depending on the multimorbidity
measure used (Figures 1 and 2). Using the MM2+ definition,
individuals with multimorbidity defined by the 21-condition
list (𝑛 = 1091, 63.8% of the total population) had a mean
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Table 2: Prevalence of each individual chronic condition in the
study population (𝑁 = 1,710).

𝑛 (%)
Angina/coronary artery disease 124 (7.3)
Asthma 176 (10.3)
Chronic obstructive pulmonary disease 66 (3.9)
Diabetes 145 (8.5)
Hypertension 477 (27.9)
Stroke 21 (1.2)
Back pain 353 (20.6)
Osteoarthritis 361 (21.1)
Rheumatoid arthritis 44 (2.6)
Osteoporosis 94 (5.5)
Other illnesses of joints or limbs, lasting for
6 months or more 205 (12.0)

Cancer (within the past 5 years) 65 (3.8)
Cholesterol, elevated 439 (25.7)
Colon problem 123 (7.2)
Congestive heart failure 37 (2.2)
Depression 221 (12.9)
Hard of hearing 213 (12.5)
Overweight 1000 (58.5)
Stomach problem 356 (20.8)
Thyroid disorder 198 (11.6)
Vision problem 137 (8.0)
Conditions in bold are common to the two lists: full list (21 conditions) and
reduced list (6 conditions).

physical component summary (95% CI) of 45.7 (CI: 45.0–
46.3), while the group defined by the 6-condition list (𝑛 =
237, 13.8% of the total population) scored 40.2 (CI: 38.7–
41.7) on average. Using the MM3+ definition, individuals
with multimorbidity defined by the 21-condition list (𝑛 =
836, 48.9% of the total population) had a mean physical
component summary (95% CI) of 44.2 (CI: 43.4–44.9), while
the group defined by the 6-condition list (𝑛 = 66, 3.8% of the
total population) scored 34.8 (CI: 31.9–37.6) on average.

Regarding sociodemographic variables, using a reduced
list of conditions led to the selection of a subgroup of older
and more deprived individuals, with a higher proportion of
men (Table 3). This was true for both operational definitions
of multimorbidity (MM2+ and MM3+).

Analyses stratified by age, gender, and socioeconomic
level revealed similar patterns in the variations of estimates
of quality of life within each of the subgroups of individuals
successively considered (Figures 3(a), 3(b), and 3(c)). Using
the 6-condition list consistently resulted in lower estimates
of average physical health-related quality of life compared
to using the 21-condition list. As in the main analysis, the
variations observed in the stratified analyses were larger
with the MM3+ operational definition than with the MM2+
operational definition.

Interestingly, using a reduced list of conditions tomeasure
multimorbidity resulted in selecting people with substantially
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Figure 1: Prevalence of multimorbidity, depending on the mul-
timorbidity measure. Operational definitions of multimorbidity:
MM2+: having two or more chronic conditions; MM3+: having
three or more chronic conditions.

higher numbers of chronic conditions (Table 3). For example,
the mean number of conditions as documented in the list of
21 conditions was 4.2 (SD 2.1) in individuals considered as
multimorbid based on the MM2+ (21) definition while it was
6.1 (SD 2.3) in those considered as multimorbid based on the
MM2+ (6) definition.

5. Discussion

This study suggests that different measures of multimorbidity
result in significant variations in estimates of physical health-
related quality of life within the same population. Our
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Table 3: Main characteristics of the individuals with multimorbidity, depending on the multimorbidity measure.

Measure of multimorbidity MM2+ MM3+
21 conditions (𝑛 = 1091) 6 conditions (𝑛 = 237) 21 conditions (𝑛 = 836) 6 conditions (𝑛 = 66)

Age: mean (SD) 55.0 (11.4) 59.0 (9.7) 56.3 (10.6) 59.5 (8.7)
Males: 𝑛 (%) 455 (41.7) 111 (46.8) 352 (42.1) 33 (50.0)
Socioeconomic statusa: 𝑛 (%)

Low 165 (15.1) 50 (22.4) 137 (16.4) 17 (28.3)
Middle-low 227 (20.8) 47 (21.1) 176 (21.1) 13 (21.7)
Middle-high 456 (41.8) 96 (43.0) 346 (41.4) 28 (46.7)
Elite group 200 (18.3) 30 (13.5) 143 (17.1) 2 (3.3)

Chronic conditions: mean number (SD)
As documented by the 21-c. listb 4.2 (2.1) 6.1 (2.3) 4.8 (1.2) 7.8 (2.4)
As documented by the 6-c. listc 0.9 (0.9) 2.3 (0.6) 1.1 (0.9) 3.2 (0.5)

SD: standard deviation; aSocioeconomic classes were derived from a data-driven combination of the following variables: education level, perceived financial
situation, house ownership, presence or absence of medical insurance, and possession of a retirement plan; b21-condition list; c6-condition list.
Missing data for each variable are not reported in this table because their number differed depending on the group considered. They ranged from 2 missing
values (age, MM3+, 6 conditions) to 43 missing values (socioeconomic status, MM2+, 21 conditions).
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Figure 2: Estimates of the average level (mean values and 95%
confidence intervals) of the physical component of health-related
quality of life in individuals with multimorbidity, depending on the
multimorbidity measure. Operational definitions of multimorbid-
ity: MM2+: having two or more chronic conditions; MM3+: having
three or more chronic conditions.

results show that using a reduced list of conditions leads to
lower levels of estimated physical health-related quality of
life in individuals with multimorbidity, independent of age,
gender, and socioeconomic status, andwhichever operational
definition of multimorbidity was used (MM2+ or MM3+).

In fact, using a reduced list of conditions leads to the
selection of a subgroup of individuals with an especially high
number of existing chronic conditions, in comparison to
the whole population considered as multimorbid based on a

longer list. Each condition an individual has, whether docu-
mented or not, impacts his or her quality of life. It is therefore
not surprising that people considered as multimorbid based
on a reduced list of conditions have a higher number of
existing chronic conditions while reporting lower physical
quality of life.

The two lists used in this study were chosen for their
contrast in terms of number of candidate conditions and
because the six conditions of the reduced list were also
included in the full list of 21 conditions. However, not one of
these lists captures the whole range of the potential chronic
conditions [36]. The use of any limited list, regardless of its
length, necessarily implies a certain amount of unmeasured
variability, due to unlisted conditions, and introduces a sys-
tematic bias towards the selection of individuals with higher
degrees of multimorbidity. In that sense, using an open list of
conditions tomeasuremultimorbidity would result in amore
accurate representation of reality, while being associated with
other important challenges, such as reproducibility of the
measure or optimal granularity in recording.

Beyond number, the nature of conditions considered in
any list influences the estimated level of health-related quality
of life. Among the 21 conditions from our full list, our 6-
condition list included some which are among those with
the highest impact on health-related quality of life (chronic
obstructive pulmonary disease and stroke) and some which
are among those with the lowest impact (hypertension or
diabetes) [15, 16, 37]. We therefore believe that the variation
observed in our study does not primarily result from the
nature of conditions considered in the lists, but rather from
the number of candidate conditions itself.

In our study, estimated prevalence of multimorbidity var-
ied asmuch as 3.8% to 63.8% depending on themeasure used.
Moreover, the variations observed in the estimates of quality
of life were 5.5 point units (means 45.7 to 40.2) with MM2+
and 9.4 points (means 44.2 to 34.8), with MM3+. These
variations are larger than what is considered as the minimal
clinically important difference for this score, namely, 5 points
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Figure 3: Estimates of the average level (mean values and 95% confidence intervals) of the physical component of health-related quality of life
in individuals with multimorbidity, depending on themultimorbidity measure, stratified by age (a), gender (b), and socioeconomic status (c).
Operational definitions of multimorbidity: MM2+: having two or more chronic conditions; MM3+: having three or more chronic conditions.
Estimates were not computed in the case of multimorbidity measured as MM3+ based on the 6-condition list for young people “25–44 years”
and for the “elite” group, due to insufficient subsample size (4 and 2 individuals, resp.).
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[38]. This illustrates how such methodological issues have
the potential to considerably impact results and indicates
that carefulmethodological considerations are requiredwhen
measuring multimorbidity. The variations resulting from the
alternative use of any other multimorbidity measures might
be of different intensity from those observed in our study, but
more stringent measures of multimorbidity will necessarily
tend to identify smaller and sicker subgroups.

In addition to the quality of life, many other outcomes
have been associated with the number of chronic conditions,
such as disability [10, 13], psychological distress [12, 39],
mortality [40], healthcare utilization [12, 41], or costs [41].
We believe that the choice of multimorbidity measure, and
especially the length of the list of conditions, may also
induce substantial variations when estimating the outcomes
in multimorbid patients. Although stringent measures may
be relevant for clinical purposes, short lists of conditions
should be avoided in epidemiological studies: the shorter
the list, the more biased the estimates of multimorbidity
prevalence and related outcomes.

This study was based on data from the PRECISE cohort
that constituted a representative sample of the Quebec gen-
eral population at baseline [25]. The sample included in
this study underrepresented young and deprived individuals,
who were not as many to return their questionnaire (data
not shown). However, the aim of this study was not to
provide estimates of the physical component of health-related
quality of life to be extrapolated to the general population,
but rather to document variation in estimates resulting
from using different multimorbidity measures. It is unlikely
that this response bias has contributed to the results in
any way. Prevalence of certain chronic conditions and of
multimorbidity, as well as health-related quality of life, has
been shown to present substantial international variations
[10, 42, 43]. However, the impact of chronic conditions on
health-related quality of life seems to be quite similar across
countries [44]. Therefore, although our estimates may be not
generalized to other populations, some variation in health-
related quality of life could also be observed, within other
cultural environments, when using different multimorbidity
measures. We had to rely on the self-reported presence of
chronic conditions to measure multimorbidity and, hence,
either overreporting or underreporting may have occurred.
This might affect the prevalence of some conditions in the
sample. However, we do not think that this possibility would
have an important impact on the differences observed with
the use of different lists of conditions, which is the main
message of this study.

6. Conclusion

Previous research had hypothesized that heterogeneity in
multimorbidity measures may generate variability when
studying quality of life in multimorbid individuals. This
study demonstrated how different multimorbidity measures
actually result in significant variation in the estimates of
physical health-related quality of life within the same popula-
tion. It argues for careful methodological consideration when
measuring multimorbidity and its association with different

outcomes. Standardization of the measure of multimorbidity
is needed to allow the comparison of the results across
different studies on multimorbidity.

In this regard, we recommend the use of a list of candidate
conditions that is sufficiently long. Determining the ideal
length is beyond the scope of this study, but it should be
a compromise between lists that are too short, which will
produce seriously biased estimates (6-condition lists being in
this category) and lists that are too long, which can be difficult
to manage. In order to reach a satisfying compromise, we
suggest that both prevalence and impact for individuals and
communities should be taken into account when choosing
which conditions to include in the list.
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Multimorbidity remains an underexplored domain in Indian primary care. We undertook a study to assess the prevalence,
correlates, and outcomes of multimorbidity in primary care settings in India. This paper describes the process of development
and validation of our data collection tool “Multimorbidity Assessment Questionnaire for Primary Care (MAQ-PC).” An iterative
process comprising desk review, chart review, and expert consultationswas undertaken to generate the questionnaire.TheMAQ-PC
contained items on chronic conditions, health care utilization, health related quality of life, disease severity, and sociodemographics.
It was first tested with twelve adults for comprehensibility followed by test-retest reliability with 103 patients from four primary
care practices. For interrater reliability, two interviewers separately administered the questionnaire to sixteen patients. MAQ-
PC displayed strong internal consistency (Cronbach’s alpha: 0.69), interrater reliability (Cohen’s Kappa: 0.78–1), and test-retest
reliability (ICC: 0.970–0.741). Substantial concordance between self-report and physician diagnosis (Scott Kappa: 0.59–1.0) was
observed for listed chronic conditions indicating strong concurrent validity. Nearly 54% had one chronic condition and 23.3% had
multimorbidity. Our findings demonstrate MAQ-PC to be a valid and reliable measure of multimorbidity in primary care practice
and suggest its potential utility in multimorbidity research in India.

1. Introduction

Multimorbidity, the concurrent presence of two or more
chronic conditions in individuals, is emerging as a daunting
health challenge globally with substantial impact on health
care utilization, quality of life, and health outcomes [1, 2]. Fur-
thermore, low and middle income countries (LMICs) with
socioeconomic development and westernization of lifestyle
are no longer immune to this challenge as demonstrated by
the reported high prevalence of multimorbidity in Brazil,
Ghana, Indonesia, and Vietnam [3–5]. Similar to other
LMICs, India, home to one-fourth of the world’s population,
is exhibiting a rising trend of chronic diseases and thus
multimorbidity could be an attendant phenomenon [6–8].

The sheer volume of India’s population with concomitant
magnitude of multimorbidity can place critical demands on
existing health care delivery systems [8]. Contrastingly, mul-
timorbidity is still underexplored in India with the available
evidence beingmostly from secondary data sources, confined
to selected population groups and encompassing few chronic
conditions [9].Thismay not be representative of the realmag-
nitude since measurement methods strongly influence the
observed prevalence ofmultimorbidity thus underscoring the
need for an explicit, validated measurement tool [10].

Our systematic review of multimorbidity studies in the
south of Asia has confirmed the lack of uniformity in
assessment of multimorbidity with the conspicuous absence
of reports from primary care in India [9]. This is a vitally
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important knowledge gap, as primary care constitutes the
scaffold of health care delivery in the country and the com-
plex care needs of multimorbid patients require appropriate
redesigning of primary care services [11]. Moreover, only
prevalence of multimorbidity may not be sufficient to inform
health services as the typology of conditions and severity
level also influence the health care to be delivered and the
subsequent outcomes [11]. Although clinical data retrieved
from patients’ records can yield accurate estimation of mul-
timorbidity, our chart review of four urban primary care
practices found thatmultiple chronic conditions are often not
recorded in practice. Furthermore, unlike western countries,
primary care databases are not routinely maintained in India;
hence extraction of medical records from specialist facilities
will present a skewed picture [12].

Aiming at addressing the aforementioned knowledge
gap, we undertook a study to explore the magnitude of
multimorbidity and its correlates and outcomes in a primary
care setting.

It is expected that this information would help public
health researchers in India and similar settings to estimate
the magnitude and impact of multimorbidity in primary care
practice populations.

2. Design and Methods

Thestudywas undertaken inOdisha, an Indian state (approx-
imate population share of 4% of the total population of India)
with average health indicators and comparable health system
characteristics [13]. Considering the absence of standardized
assessment instruments, with proper medical records being
unavailable, we first developed and contextualized a tool so
as to identify and quantify multimorbidity. We decided to
use patient self-reports to elicit information, as they have
demonstrated predictive ability of real morbidity [14, 15].

We aimed to develop and validate our Multimorbidity
Assessment Questionnaire for Primary Care (MAQ-PC). To
examine multimorbidity in primary care in Indian context,
with no gold standard available, we followed an iterative
process to design a comprehensive tool. This comprised two
phases. The first phase is the development of the question-
naire, selecting the domains and their measurements, trans-
lating the questionnaire to local language for cultural adapt-
ability, and testing its comprehensibility. The second phase
involved reliability and validity testing.The steps are outlined
in Figure 1 (supplementary file in Supplementary Material
available online at http://dx.doi.org/10.1155/2016/6582487).

2.1. Selection and Development of Domains. Following
domains were selected by the research team through
literature review and consultation with an expert group and
six primary care physicians. The expert group comprised
two senior faculty members of the Department of Family
and Community Medicine at the state medical colleges,
two clinicians from the Odisha branch of the Indian
Medical Association (IMA), two diseases control program
managers from the state public health directorate, and four
internationally acclaimed researchers in multimorbidity. It
was decided to select six primary care physicians working

Table 1: List of chronic diseases.

Diseases included

Sl. number Name Questions asked for
self-reported doctor diagnosis

(1) Diabetes Yes
(2) Hypertension Yes
(3) Arthritis Yes
(4) Acid peptic disease Yes
(5) Asthma Yes
(6) Heart disease Yes
(7) Stroke Yes
(8) Chronic kidney disease Yes

(9) Chronic liver disease
(alcohol) Yes

(10) Chronic back ache Yes
(11) Tuberculosis Yes
(12) Filariasis Yes
(13) Visual difficulty Yes
(14) Deafness Yes
(15) Cancer Yes
(16) Dementia Yes
(17) Epilepsy Yes
(18) Thyroid Yes
Depression was screened by using PHQ-9.

in public and private settings. The three private primary
care facilities were selected in consultation with the Odisha
branch of IMA, while for public primary care facility
selection the state public health department’s advice was
sought. To ensure representativeness, one public facility and
one private facility each from the rural, urban, and tribal
regions were selected.

(1) Multimorbidity Estimation. To measure multimorbidity,
we decided to have an exhaustive list of chronic diseases
commonly prevalent in primary care. We first undertook a
systematic search of the available studies in India and other
south Asian countries to determine if any of them used a
list for the most frequently reported chronic conditions [9].
Next, chart review of four primary care practices (two each
from urban and rural area) was done to add relevant chronic
conditions to the list generated from systematic search. The
draft list was shared with the six primary care physicians who
were requested to indicate how important (marginal or very
severe) they considered each particular chronic disease and
to mention additional diseases to the list, if any. Finally, a
consolidated list of 18 conditions (Table 1) was incorporated
in the questionnaire. To ascertain the presence of chronic
conditions, we used patient self-report [15]. The questions
were phrased to elicit whether the patient had ever been told
by a doctor or any other health care provider that they had
any of the listed chronic health problems. We used simple
vernacular language (Odiya) that could be understood by
individuals without any prior medical knowledge (Have you



BioMed Research International 3

even been diagnosed by a physician with. . .?). In addition to
the self-report, we used the Patient Health Questionnaire-9
to capture undiagnosed depression [16].

(2) Outcomes. To explore the impact of multimorbidity, we
included self-reported severity, health related quality of life,
and health care utilization. We did not include health care
expenditure for the sake of brevity:

(a) Severity Assessment. Functional limitation was
used as proxy for disease severity. For each identified
morbidity, we included a subquestion asking how
much the particular health problem gets in the way of
daily activities (e.g., not at all, a little, or a great deal)
[17].
(b) Health Related Quality of Life (HRQL). To explore
health related quality of life, we included two ques-
tions on self-rated physical and mental health (e.g.,
poor, good, or excellent) and SF-12 (already validated
for Indian population) [18].
(c) Health CareUtilization.To examine the health care
utilization, we included questions that asked about
number of outpatient consultations and inpatient
admissions at different health care facilities in the past
twelve months and medication use for each reported
chronic illness [19].

(3) Covariates. We included age (in completed years),
sex (male/female), place of residence (urban/semiurban/
rural), ethnicity (social caste/tribe), religion (Hinduism/
Islam/Christianity/others), educational level (illiterate/
primary education/high school or secondary education/
graduate and above), marital status (never married/currently
married/separated or divorced/widow or widower), and
annual family income [13].

We hypothesized that the MAQ-PC would identify
patients to havemultimorbidity when they have self-reported
multiple chronic conditions; we expected that the overall
judgment of self-reportedmeasures of multimorbidity would
correlate strongly with physician diagnoses and would also
have high internal consistency with other domains (out-
comes).

2.2. Translation andCultural Adaptation. We followed a stan-
dard process to ensure the quality of translation (Figure 2,
supplementary file). Primary forward translation from inter-
national English into vernacular language (Odiya) was per-
formed by two translators independently according to the
standard WHO protocol [20]. The primary translation was
then evaluated for authenticity by two primary care physi-
cians well versed in both languages. The primary transla-
tors discussed apparent differences between the translated
versions with the research team and then agreement was
reached.

2.3. Expert Consultation, Cognitive Debriefing, and Pretesting.
The primary care physicians and international experts were

consulted to respond to the questionnaire to obtain an initial
impression of how easy the questions were to read out,
understand, and answer and their feedbackwas incorporated.
Next, the instrument was cognitively tested with 12 adults
of diverse ages and socioeconomic strata (six men and six
women) for comprehensibility. Structured interviews were
performed with them to evaluate whether all the items in
the MAQ-PC were understood as intended and to examine
the appropriateness of the questionnaire in the local context.
The responses were evaluated by the research team and
the translation team to check if required information is
being captured or not. Based upon it, the questionnaire
was revised. Next step involved a small scale operational
testing of the questionnaire in one primary health centre to
check the logistic feasibility. The time taken to complete the
questionnaire was around 20–25 minutes.

Based on the cumulative observations of above three
processes, we incorporated few changes in the MAQ-PC. We
added open options for three additional chronic conditions
not enlisted in our questionnaire. Insurance availability and
utilization were added. Since we found difficulty in cap-
turing near exact information for income, we included an
additional measure of socioeconomic status, above poverty
line (APL)/below poverty line (BPL), adopted by the state
government for categorizing people based on income [21].
As the patients expressed difficulty in recalling the year of
diagnosis and chronology of appearance for each chronic
condition, these questions were omitted. An interviewer’s
manual was prepared detailing out the instructions for each
question. The final version of MAQ-PC is described in
Table 2.

2.4. Piloting. We examined the reliability and validity of
MAQ-PC final version through a large scale pilot testing
in four (two public and two private) purposively selected
primary care practices in different cities and regions (rural,
urban, semiurban, and tribal) in the state. Adult patients over
18 years of age attending outpatient clinic of these primary
health care centres were included as study participants. Exit
interview was conducted with eligible patients soon after
their physician consultation. Informed consent to take part
in the interview was obtained from each patient after briefing
them about the study and its objectives. A total of 120 patients
were recruited through a systematic random sampling from
the selected four facilities. Four specially trained nurses
administered the questionnaire to patients and examined the
physician’s prescription.The data collection took place under
the direct supervision of the principal investigator (SP) and
the research team.

All 120 patients were then invited to take part in the
two-day retest. As there was increased likelihood of getting
different responses to the question “disease severity and
activity limitation” because of the treatment or medication,
we confined our retest analyses to day 2. A total of 103 par-
ticipants turned up for the retest and were then administered
the MAQ-PC by the same nurses. For each reported chronic
condition, we examined physicians’ prescriptions and noted
the diagnoses. Additionally, to test interrater or interobserver
reliability, another 16 patients were purposively selected and
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Table 2: Domains, items, and measurement tools in MAQ-PC.

Domain Measure Validation process
Chronic conditions

Diseases
(18 with 3 additional open options)

Close ended question of self-reported doctor diagnosed
diseases, symptoms, and prescription check Scott Kappa value

Depression Patient Health Questionnaire-9

Test-retest reliability
and interrater
reliability
Internal consistency

Medication Close ended question according to expert group

Test-retest reliability
and interrater
reliability
Internal consistency

Health care utilization

Frequency of hospital visits in last one year for any
chronic disease

Open ended question for outpatient visit in last one year
[WHO-SAGE]

Test-retest reliability
and interrater
reliability
Internal consistency

Frequency of inpatient admission in last one year
for any chronic disease Open ended question for hospitalization [WHO-SAGE]

Test-retest reliability
and interrater
reliability
Internal consistency

Number of medicines being taken daily Open ended question for number of medicines taken

Test-retest reliability
and interrater
reliability
Internal consistency

Health related quality of life

Self-rated overall health Scales

Cognitive briefing
Test-retest reliability
and interrater
reliability
Internal consistency

SF-12 Mental components
Physical components

Cognitive briefing
Test-retest reliability
and interrater
reliability
Internal consistency

Severity of the disease

Limitation in activities due to health problems Impact of individual chronic disease on activity limitation
Test-retest reliability
and interrater
reliability

Frequency of hospital visits for current disease Adopted fromWHO-SAGE 2010
Test-retest reliability
and interrater
reliability

Sociodemographic
Age of the patient Annual Health Survey, India Internal consistency
Gender Annual Health Survey, India Internal consistency
Marital status Annual Health Survey, India Internal consistency
Education Annual Health Survey, India Internal consistency
Net household income per month Annual Health Survey, India Internal consistency
Socioeconomic status According to the government of Odisha Internal consistency
Religion and social caste Annual Health Survey, India Internal consistency
Health insurance Close ended questionnaire developed Internal consistency
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MAQ-PC was administered to them by two members of
the research team (MAH and SS) within 24 hours. Each
observer was blinded to the results of the other assessment.
The agreementwas checked by the principal investigator (SP).

All data were entered and analysed using Statistical Pack-
age for the Social Sciences version 20 (SPSS Inc., Chicago,
IL). Descriptive statistics were calculated and presented
as proportion, mean, and standard deviation (SD). The
prevalence of multimorbidity was measured in terms of the
presence of twoormore self-reported chronic conditions.The
mean score, interclass correlation coefficient, and Cronbach’s
alpha coefficient for each domain were calculated to examine
the internal consistency using the Kuder-Richardson for-
mula [22]. For interobserver reliability, we determined the
observed agreement between two interviewers using Cohen’s
Kappa statistics [23]. The mean score for each domain was
computed to estimate the Kappa value.The concurrent valid-
ity of MAQ-PC was assessed by testing the hypotheses that
MAQ-PC self-reported morbidity correlates strongly with
diagnosed multimorbidity. The level of concordance (self-
reports and physician’s prescription) for each condition was
calculated using Scott Kappa statistics (prevalence-adjusted
bias-adjusted Kappa).

3. Results

3.1. Sample Characteristics. To assess if our study sample was
representative of the primary care population, we studied key
characteristics of included patients (Table 3, supplementary
file). Out of 103 respondents who participated in test and
retest (86% of first sample), 45% (𝑛 = 46) were female. The
mean age of the study participants was 44.96 ± 5. 32 years
with no significant sex difference (female, 45.9, versus male,
44.2).

3.2. Multimorbidity. Nearly 54% of respondents had at least
one self-reported chronic condition enlisted. The prevalence
of multimorbidity was 23% (male, 22%, versus female, 25%)
and around 10% of respondents had three or more chronic
conditions. Frequently reported chronic conditions were acid
peptic disease (25%), arthritis (17%), hypertension (18%), and
chronic back pain (8%), while stroke, cancer, renal disease,
and depression were reported very less (Figure 1).

3.3. Internal Consistency. The overall consistency of the
MAQ-PC was found to be 0.69 for all 52 items with
Cronbach’s alpha value for individual domain ranging from
0.66 for health related quality of life to 0.89 for depression
(Table 3).

3.4. Interobserver Reliability. Both observers reported similar
prevalence of multimorbidity. We observed a substantial
to almost perfect agreement between the two interviewers.
Lowest agreement was seen for depression (Table 4).

3.5. Test-Retest Reliability. The test-retest reliability score
for each domain is denoted in Table 5. We found strong
test-retest correlation in multimorbidity assessment domain
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Figure 1: Prevalence of chronic conditions.

Table 3: Measure of internal consistency of MAQ-PC.

Domains Number of items Cronbach’s
alpha coefficient

Sociodemographic 8 0.741
Health care utilization 3 0.651
Chronic diseases 18 0.712
Depression 9 0.891
Disease severity 2 0.671
Health related quality of life 12 0.664
Overall 52 0.693

[ICC: 0.970], followed by quality of life physical component
score [ICC: 0.912] and disease severity [ICC: 0.903]. Lowest
correlation was seen for the item self-rated overall health
[ICC: 0.741].

3.6. Concurrent Validity. The correlations between the self-
report and physician’s prescription are presented in Table 6.
The summative multimorbidity score between the first and
follow-up interviews was strongly correlated thus demon-
strating self-report to be adequately predictive of diagnosed
morbidity. The level of agreement was highest for visual
problem, tuberculosis, and dementia while being moderate
for diabetes and hearing problems.

3.7. Ethical Consideration. The study was conducted in accor-
dancewith theDeclaration ofHelsinki. It was approved by the
Institutional Ethics Committee of Public Health Foundation
of India, New Delhi, and necessary permission was granted
by the Government of Odisha.Written informed consent was
obtained from all respondents following an explanation of the
study’s aims and procedures. Participation was purely volun-
tary and all steps have been taken to ensure confidentiality.
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Table 4: Interobserver reliability (Cohen’s Kappa statistics).

Theoretical construct and facets Observer 1
Mean [SD]

Observer 2
Mean [SD] Kappa Strength of agreement

Chronic conditions
Diseases and other health problems 1.61 [0.86] 1.61 [0.86] 1 Nearly perfect agreement
Depression 1.92 [0.88] 1.83 [0.83] 0.784 Moderate agreement

Health care utilization
Frequency of hospital visits in last one year 0.98 [1.46] 0.97 [1.39] 0.921 Substantial agreement
Frequency of inpatient admission in last one year 0.30 [0.61] 0.35 [0.76] 0.874 Substantial agreement
Number of medicines taken 0.46 [0.79] 0.39 [0.68] 0.851 Substantial agreement

Health related quality of life
Self-rated overall health 3.53 [0.68] 3.87 [0.75] 0.812 Substantial agreement
SF-12 mental component score 44.25 [9.64] 45.27 [8.67] 0.791 Moderate agreement
SF-12 physical component score 43.57 [4.72] 43.91 [5.13] 0.786 Moderate agreement

Severity
Limitation in activities due to health problems 7.00 [5.93] 7.12 [6.15] 0.831 Substantial agreement

Multimorbidity
Multimorbidity (≥2 chronic conditions)% 13.16 13.16 1 <0.001

Table 5: Measures of reliability (test-retest reliability) for different domains of MAQ-PC.

Domains 𝑁

Test
Mean [SD]

Retest
Mean [SD] 𝑃 value of the difference ICC∗

Chronic conditions 103 1.61 [0.86] 1.60 [0.82] 0.932 0.970
Depression 103 1.92 [0.88] 1.86 [0.84] 0.617 0.817

Health care utilization
Frequency of hospital visits in last one year 103 0.98 [1.46] 0.96 [1.42] 0.920 0.822
Frequency of inpatient admission in last one year 103 0.30 [0.61] 0.33 [0.62] 0.726 0.881
Number of medicines taken 103 0.46 [0.79] 0.49 [0.78] 0.784 0.841

Health related quality of life
Self-rated overall health 103 3.53 [0.68] 3.41 [0.72] 0.220 0.741
SF-12 MCS 103 44.25 [9.64] 43.95 [9.67] 0.823 0.893
SF-12 PCS 103 43.57 [4.72] 43.61 [5.12] 0.953 0.912

Severity of the disease
Limitation in activities due to health problems 103 7.00 [5.93] 6.89 [5.60] 0.891 0.903

Multimorbidity (%) 103 23.03 23.01 0.897 0.963
∗Interclass correlation.

4. Discussion

Information on presence and composition of multimorbid-
ity could inform routine clinical practice and impetus for
research. Since the magnitude of multimorbidity is largely
reliant upon the way it is measured, we designed a compre-
hensive tool, MAQ-PC, to elicit data on self-reported preva-
lence, correlates, and outcomes of multimorbidity in patients
attending primary care practices [24]. The questionnaire
intended tomeasure individuals’ count of chronic conditions,
outcomes (severity, self-rated health, quality of life, physi-
cian consultation, and medications), and sociodemographic
correlates. We found multimorbidity prevalence to be higher
than previously reported findings [24].This is expected, as we

included a larger number of chronic conditions and collected
data from patients attending primary care facility.

In this pilot, theMAQ-PC identified hypertension, arthri-
tis, and acid peptic disease as the most common morbidities,
while stroke, cancer, renal disease, and depression were the
least frequently mentioned morbidities. As health system
characteristics influence the type of conditions patients
would present with, the conditionswhichweremore frequent
could be predominantly diagnosed and treated in primary
care [25]. The extreme low number of morbidities, stroke,
cancer, depression, and renal disease, could be due to the
low prevalence of these conditions in the community and
a small sample size of our pilot [26]. Moreover, some
of these patients might be consulting specialists for their
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Table 6: Concordance between self-reported and physician’s prescription based chronic conditions.

Items Number of cases
(𝑛 = 103)

Number of cases according to prescription
(𝑛 = 103) Scott Kappa Strength of agreement

Chronic conditions
Arthritis 26 24 0.71 Substantial agreement
Hypertension 21 20 0.73 Substantial agreement
Diabetes 6 7 0.59 Moderate agreement
Chronic lung disease 7 7 0.69 Substantial agreement
Acid peptic disease 33 32 0.66 Substantial agreement
Thyroid problem 0 0
Heart disease 0 0
Stroke 0 0
Visual problem 11 10 0.95 Nearly perfect agreement
Hearing problem 5 5 0.58 Moderate agreement
Chronic back ache 10 10 0.67 Substantial agreement
Tuberculosis 4 4 1.00 Nearly perfect agreement
Epilepsy 0 0
Chronic kidney disease 0 0
Dementia 4 3 0.85 Nearly perfect agreement
Filariasis 0 0

illnesses, which could be another contributing reason [25].
Interestingly, even though depression was underreported, a
good proportion of undiagnosed patients had higher PHQ-
9 score. This suggests that these patients either have not
attributed much significance to related symptoms or may not
have consulted the physician at all.

We observed the MAQ-PC to exhibit significant test-
retest reliability with a substantial degree of agreement
between self-reported chronic condition and physician diag-
nosis (derived from prescription andmedicine verifications).
Such high level of agreement between the self-reported and
physician diagnoses suggests the utility of the patient’s self-
report as a valid proxy measure for these conditions. For
few conditions, where the agreement was relatively lower,
the patients might be having the disease in milder form or
initial stages and can perceive the symptoms though not
being detected by the treating physicians. Another plausible
explanation could be the fact that patients are not fully aware
of their prevailing illness despite having confirmed diagnosis.
The latter might be related to the lower health literacy as
majority of our patients had lower literacy [27]. Further
analysis into the predictors of concordancemight yield useful
insights.

4.1. Strengths and Limitations. Instruments contingent on
availability and accuracy of medical records may have lim-
ited utility for clinical and research purposes owing to
the deficient routine data management system in resource-
limited countries like India [28]. Given the understanding
that primary care practice characteristics in LMICs may not
be comparable with those of western countries, this work for
the first time has developed amultimorbidity assessment tool
and contextualized it for Indian primary care.

When compared to multimorbidity measurement meth-
ods available till date in LMICs, our approach and instrument
are scientifically superior in many aspects. The questionnaire
was generated through an iterative process of desk review and
chart review, translation, and cultural adaptation, pretested
with cognitive interviews including negotiation between the
primary care physicians and the research team. These steps
helped assure content and face validity. This is reflected by
the questionnaire displaying good psychometric properties
with Cronbach’s alpha and ICC indicating it to be internally
consistent and reliable in this setting. Furthermore, many of
the domains draw on already validated questionnaire which
reinforces the robustness.

Our MAQ-PC has positive features of being brief and
easily understandable by patients and at the same time
being comprehensive enough to include commonly prevalent
chronic conditions in primary care patients. Each question-
naire on an average took 20–25minutes to complete and thus
can easily be administered at outpatient setting either by a
physician or by other health care professionals. Employing
self-report allows identifyingmultimorbidity by simple count
and the results from the item scales can be easily scored and
readily interpretable. Moreover, the questionnaire enquires
about the treatment and limitations imposed by specific
diseases which can be used as a surrogate marker of the
severity of the disease.

However, some limitations need to be acknowledged
while using this MAQ-PC. It has been shown previously that
list of diseases reported on the basis of prescriptions may not
be fully accurate, as many conditions remain undiagnosed,
so using this method as the gold standard may not be ideal.
Additionally, with any questionnaire-based technique, there
is a potential for recall bias.Though patients had the option of
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mentioning any additional diseases that were not listed, it is
possible that patients may not recall milder forms of existing
comorbid diseases and this may inadvertently leave out some
important conditions. We did not elicit information on the
duration and order of appearance of individual diseases, thus
weakening our severity score. Our outcome assessment is not
comprehensive as it did not include health care expenditure
as we were apprehensive of time constraint and also our
primary objectivewas to examinemultimorbidity prevalence,
pattern, and health outcomes. Lastly, we have only examined
the appropriateness of questionnaire in primary care patients,
thus restricting the possibility of extrapolating to other
groups of patients like those attending more specialized care
andhaving complex patterns ofmultimorbidity.Despite these
limitations, we believe that MAQ-PC, being a reliable and
valid descriptor of individual chronic morbidities, has utility
as a tool for identifying and quantifying multimorbidity in
primary care.

4.2. Future Research Directions. Future studies need to exam-
ine the suitability of MAQ-PC to measure multimorbidity
in other outpatient care settings, where medical records are
unavailable. Further development of this questionnairemight
include specific enquiry about the duration and chronological
order of multiple chronic conditions and health care expen-
diture. Since the number of chronic diseases increases with
age and multimorbidity is a frequently observed geriatric
phenomenon, it is necessary to test the applicability of this
tool in geriatric population particularly.

5. Conclusion

To summarize, MAQ-PC is a comprehensive tool for obtain-
ing data on patient self-reported multimorbidity in primary
care. Our results demonstrate this questionnaire to be a valid
and reliablemeasure ofmultimorbidity in a variety of chronic
conditions and primary care patients. The instrument also
provides information on severity of the individual conditions
and impact on quality of life which suits the need in primary
care to identify patient groups that might benefit from more
coordinated and holistic care. We believe MAQ-PC may
find applicability in assessing multimorbidity and its impact,
following multimorbidity trajectory, designing therapeutic
targets across wide range of health care settings in India.
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Objectives. To examine the extent and complexity of the morbidity burden in 85-year-olds; identify patterns withinmultimorbidity;
and explore associations with medication and healthcare use. Participants. 710 men and women; mean (SD) age 85.5 (0.4)
years. Methods. Data on 20 chronic conditions (diseases and geriatric conditions) ascertained from general practice records and
participant assessment. Cluster analysis within the multimorbid sample identified subgroups sharing morbidity profiles. Clusters
were compared on medication and healthcare use. Results. 92.7% (658/710) of participants had multimorbidity; median number of
conditions: 4 (IQR 3–6). Cluster analysis (multimorbid sample) identified five subgroups sharing similar morbidity profiles; 60.0%
(395/658) of participants belonged to one of two highmorbidity clusters, with only 4.9% (32/658) in the healthiest cluster.Healthcare
usewas high, with polypharmacy (≥5medications) in 69.8% (459/658). Between-cluster differences were found inmedication count
(𝑝 = 0.0001); hospital admissions (𝑝 = 0.022); and general practitioner (𝑝 = 0.034) and practice nurse consultations (𝑝 = 0.011).
Morbidity load was related to medication burden and use of some, but not all, healthcare services. Conclusions. The majority of 85-
year-olds had extensive and complex morbidity. Elaborating participant clusters sharing similar morbidity profiles will help inform
future healthcare provision and the identification of common underlying biological mechanisms.

1. Introduction

The concept of multimorbidity, the cooccurrence of two or
more chronic diseases in an individual [1], is attracting
increasing research and clinical interest (the related term
“comorbidity” is reserved for morbidity cooccurring in rela-
tion to a specific index disease [2]). Prevalence estimates for
multimorbidity range from 20 to 30% in “all age” popula-
tions and are as high as 55–98% in older populations [3]. The
cooccurrence of multiple diseases is associated with num-
erous adverse outcomes including disability, poor quality of
life, high healthcare use, and mortality [3, 4]. The provision
of effective and cost-effective care for people with multi-
morbidity presents a major challenge for healthcare systems
worldwide and is the subject of on-going debate [5–8]. In the
setting of multiple diseases, current approaches to chronic

disease management—based largely on the single disease
paradigm—can result in complex, fragmented, costly, and
potentially ineffective (or even injurious) care [9, 10].

Most multimorbidity research to date has focused on
measures based on a simple disease count [11], and there is
limited data on how and why particular conditions cooccur
and the specific combinations or patterns found. Improved
understanding of such patterns would inform the develop-
ment of better healthcare for patients with multimorbid-
ity and facilitate the identification of common underlying
biological mechanisms thereby potentially leading to novel
preventive and therapeutic measures [12].

People aged 85 years and over comprise the most rapidly
expanding age group in most parts of the world [13]. Whilst
multimorbidity is the norm in the very old [14, 15], there is
little detailed information on the morbidity profiles found
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in this age group. In this paper we examine the extent
and complexity of the morbidity burden in a population-
based sample of 85-year-olds (using the concepts of comor-
bidity and multimorbidity), identify patterns of morbidity,
and explore associations between morbidity profiles and
medication and healthcare use. To study morbidity within
a population requires comprehensive data on a representa-
tive group, which in the case of very old people is rarely
available given the inherent difficulty in working with this
potentially frail and vulnerable group. We used data from
the Newcastle 85+ Study, a population-based cohort study
capturing detailed information on the health of a large,
representative samplewhowere all aged 85 at baseline [16, 17].
Considerable effort was invested to secure inclusion of the
notably hard-to-reach groups, particularly those living in care
homes or with dementia [18]. A novelty of our approach
is the use of cluster analysis to identify distinct subgroups
of participants with similar combinations of conditions.
Furthermore, we included not only chronic diseases but also
geriatric syndromes and impairments. Such conditions are
as prevalent as chronic diseases in older people and have a
marked effect on quality of life, disability, institutionalisation,
healthcare use [19], and quality of care [20].However, they fall
outside the disease-focused medical model and have seldom
been included in multimorbidity measures.

2. Materials and Methods

2.1. Study Population. Full details of the Newcastle 85+ Study
have been reported [16–18]. In brief, members of the 1921
birth cohort living inNewcastle uponTyne orNorthTyneside
(North East England) were recruited at around age 85 using
general practice patient lists as the sampling frame. People
living in institutions and those with cognitive impairment
were included. Recruitment and baseline assessment took
place over a 17-month period in 2006-2007.

2.2. Study Protocol. Comprehensive measures of health were
collected at baseline across multiple clinical, biological, and
psychosocial domains. A health assessment—comprising
questionnaires, measurements, function tests, and a fasting
blood sample—was carried out in the participant’s usual
residence by a research nurse. General practice medical
records were reviewed for diagnosed diseases, prescribed
medication, and use of general practice services. In the
UK, patients are registered with a single general practice
which acts as a gatekeeper to secondary care and receives
details of all hospital admissions and outpatient attendances.
The review of general practice records included hospital
correspondence to ensure that all recorded disease diagnoses
were extracted, irrespective of where and when the diagnosis
was made.

2.3. Diseases and Geriatric Syndromes/Impairments Exam-
ined. Fifteen chronic diseases and five geriatric syndromes or
impairments (hereafter termed “geriatric conditions”) were
selected for investigation. The selection criteria included
known impact on morbidity, mortality, and/or healthcare

use; availability in the baseline Newcastle 85+ Study dataset;
prevalence greater than 3% at study baseline; and less than
10% missing values. Table 1 lists the 20 conditions examined,
togetherwith data sources and ascertainment criteria [21–25].
A systematic review by Diederichs et al. [26] recommended
the inclusion of 11 core conditions in any multimorbidity
measure, of which we included 10. We were unable to include
depression due to the high proportion (15%) of participants
with missing data for the depression measure used (15 item
Geriatric Depression Scale, GDS-15 [27]); this was mainly
because the GDS cannot be used in people with severe cog-
nitive impairment. We included the majority of the chronic
conditions prioritised by the UKNHSQuality andOutcomes
Framework for General Practice [28].

2.4. Medication. Data on prescribed medication was
extracted from the general practice records; all participant
medication prescribed for use in themonth prior to the health
assessment was recorded. A count ofmedications was created
after first excluding items such as seasonal vaccinations, diag-
nostic/monitoring agents, wound-management products,
and catheter/stoma products.

2.5. Use of Healthcare Services. Data on all consultations with
general practitioners and general practice employed nurses
(other community nurses were not included) was obtained
from the general practice records; a timeframe of 12 months
prior to the health assessment was used. Only contacts with
the participant’s registered general practice were recorded;
contactswith externally provided “out of hours” general prac-
tice services were excluded. Data on overnight hospital
admissions and contacts with outpatient and “Accident and
Emergency” services and “Day Hospital” and other interme-
diate care services was obtained by questionnaire (admin-
istered by the research nurse as part of the health assess-
ment). A timeframe of three months was used for outpatient
and “Accident and Emergency” services and 12 months for
overnight hospital admissions and intermediate care services.

2.6. Other Measures. Data on disability level was obtained by
nurse-administered questionnaire. A disability score (maxi-
mum 17) was calculated from the total number of activities
of daily living performed with difficulty or requiring an
aid/appliance or personal help [17].

2.7. Ethical Approval. The research complied with the
requirements of the Declaration of Helsinki. Ethical approval
was obtained from the Newcastle and North Tyneside 1
Research Ethics Committee (reference number 06/Q0905/2).
Written informed consent was obtained from participants;
where people lacked capacity to consent, for example, because
of cognitive impairment, a formal written opinionwas sought
from a relative or carer as previously reported [18].

2.8. Statistical Analysis. We first compared the sample with
complete data on all 20 conditions (analytic sample) to the
sample without complete data. Mann-Whitney 𝑈 tests were
used for nonnormally distributed continuous variables and
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Table 1: 20 diseases and geriatric conditions examined; data sources and ascertainment criteria.

Diseases (15)
Disease Data source Criteria

Hypertension General practice (GP)
records Documented diagnosis of hypertension regardless of date.

Ischaemic heart disease

GP records and health
assessment (HA)
electrocardiogram

(ECG)

Documented diagnosis of angina or myocardial infarction or coronary artery
bypass grafts or coronary angioplasty or coronary stent regardless of date.
Participants without a preexisting diagnosis could be additionally assigned on the
basis of Minnesota codes [21] commencing 1-1 or 5-1 on 12 lead ECG conducted as
part of the health assessment.

Heart failure GP records Documented diagnosis of heart failure regardless of date.
Atrial fibrillation or
flutter HA ECG Minnesota codes 8-3-1 or 8-3-2 on 12 lead ECG conducted as part of the health

assessment.

Cerebrovascular disease GP records Documented diagnosis of stroke or transient ischaemic attack or carotid
endarterectomy regardless of date.

Peripheral vascular
disease GP records Documented diagnosis of peripheral vascular disease regardless of date.

Osteoarthritis GP records Documented diagnosis of osteoarthritis or cervical spondylosis or lumbar
spondylosis regardless of date.

Inflammatory arthritis GP records Documented diagnosis of rheumatoid arthritis or psoriatic arthropathy or
ankylosing spondylitis regardless of date.

Osteoporosis GP records Documented diagnosis of osteoporosis regardless of date.
Chronic obstructive
pulmonary disease GP records Documented diagnosis of chronic obstructive pulmonary disease (COPD)

regardless of date.

Asthma GP records Documented diagnosis of asthma excluding childhood asthma and excluding
asthma in conjunction with COPD.

Thyroid disease GP records Documented diagnosis of hypothyroidism or hyperthyroidism regardless of date.
Diabetes mellitus GP records Documented diagnosis of diabetes mellitus regardless of date.
Cancer within previous 5
years GP records Documented diagnosis of cancer diagnosed within previous 5 years excluding

nonmelanoma skin cancer.

Renal impairment HA serum creatinine

Estimated glomerular filtration rate of less than 45mL/min/1.73m2 calculated using
the Chronic Kidney Disease Epidemiology Collaboration equation [22] using
serum creatinine measured as part of the health assessment. This cut point
identifies Stages 3B, 4, and 5 Chronic Kidney Disease [23].

Geriatric conditions (5)
Geriatric condition Data source Criteria

Urinary incontinence HA questionnaire Moderate, severe, or profound incontinence (classified on basis of frequency of
episodes and volume of urine leakage [24]) or catheterised for previous 12 months.

Falls HA questionnaire Two or more falls in previous 12 months.

Visual impairment HA questionnaire Self-reported difficulty recognizing a friend across the road or reading ordinary
newsprint, with aids if worn.

Hearing impairment HA questionnaire Self-reported difficulty hearing someone taking in a quiet room or following a
conversation with background noise, with aids if worn.

Cognitive impairment HA cognitive test Standardised minimental state examination score [25] of 21 or lower.

ordinal variables (disability score, education), and 𝜒2 tests for
categorical variables (sex, place of residence, and prevalence
of individual conditions). Sex differences in the prevalence of
individual conditions and in multimorbidity were examined
by 𝜒2 tests and sex differences in the total number of
conditions by Mann-Whitney 𝑈 tests. Cluster analysis was
used in the sample withmultimorbidity (𝑁 = 658) to identify
distinct subgroups of participants with similar combinations
of conditions.We first computed a dissimilaritymatrix, based
on Jaccard’s similarity coefficient, on participants’ morbidity
profiles, and then performed an agglomerative hierarchical

cluster analysis [29] using the Calinski/Harabasz index to
identify the optimal number of clusters. To characterise
between-cluster differences in morbidity profiles, we com-
pared the prevalence of each condition within a specific
cluster to that in the total sample with multimorbidity.
We defined “higher than average prevalence” as a ratio of
prevalence in the cluster to prevalence in the total sample of
1.2 : 1 or higher and “lower than average prevalence” as a ratio
of 0.8 : 1 or lower. Clusters were compared by 𝜒2 tests for sex
distribution, place of residence, and healthcare variables (any
use) and by Kruskal-Wallis tests for number of medications
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and healthcare variables (number of contacts/length of hospi-
tal stay). Analyses were performed using STATA version 12.0.

3. Results

3.1. Sample Selection. Details of sample selection for the
Newcastle 85+ Study have been reported [17] (and see the
Appendix; see Supplementary Material available online at
http://dx.doi.org/10.1155/2016/8745670).The recruited cohort
was sociodemographically representative of the local popula-
tion and of England and Wales, including the proportion in
care homes [17].The present analysis required data from both
the health assessment and review of general practice records
which was available for 845 participants, 58.2% (845/1453)
of those eligible to participate. Complete data on all 20
conditions was available for 710 of these participants (84.0%)
who formed the sample for the principal analyses (Appendix,
Supplementary Figure 1). Missing data arose from noncom-
pletion of questionnaires, electrocardiograms or blood tests.
Comparison of the groups with and without complete data
showed that those with missing data were more likely to
be female, to be resident in an institution, to have a higher
prevalence of osteoporosis, urinary incontinence, and cog-
nitive impairment, and to be more disabled than those with
complete data (Appendix, Supplementary Table 1).

3.2. Sample Characteristics. Of the 710 participantswith com-
plete data on all 20 conditions, themean (standard deviation)
age was 85.5 (0.4) years, 59.9% (425/710) were women and
99.6% (707/710) were of white ethnicity, reflecting the norm
for a UK population of this age (Table 2). The majority
(80.7%, 573/710) were living in standard (nonsupported)
housing, with 13.4% (95/710) in sheltered accommodation
and 5.9% (42/710) in an institution (all care homes). Of those
not living in an institution, 60.6% (404/667) were living
alone.

3.3. Prevalence of 20 Diseases and Geriatric Conditions.
Hypertension (57.8%, 410/710), osteoarthritis (57.0%, 405/
710), and ischaemic heart disease (36.1%, 256/710) were the
most prevalent diseases. Hearing impairment (60.4%, 429/
710), visual impairment (36.2%, 257/710), and urinary incon-
tinence (31.3%, 222/710) were the most prevalent geriatric
conditions (Table 2). Women had a significantly higher prev-
alence of osteoarthritis, osteoporosis, thyroid disease, and
urinary incontinence than men, whilst men had a higher
prevalence of atrial fibrillation/flutter and hearing impair-
ment (Appendix, Supplementary Table 2).

3.4. Comorbidity for Each of the 20 Diseases and Geriatric
Conditions. Figure 1 shows the prevalence of each of the 20
conditions with and without comorbidity, that is, the cooc-
currence of at least one other condition. Supplementary Table
3 (Appendix) shows, for each index condition, the prop-
ortion of cases with comorbidity together with the median
number of cooccurring conditions (for cases with at least one
cooccurring condition). We present the data both including

Table 2: Sample characteristics: 710 participants with complete data
on all 20 conditions.

Age, mean (SD) years 85.5 (0.4)
Female, % (𝑛) 59.9 (425)
White ethnicity, % (𝑛) 99.6 (707)
Living arrangements, % (𝑛)
Standard (nonsupported) housing 80.7 (573)
Sheltered housing 13.4 (95)
Institution 5.9 (42)

Years in full-time education, % (𝑛)
0–9 64.7 (458)
10-11 22.7 (161)
12+ 12.6 (89)

Diseases, % (𝑛)
Hypertension 57.8 (410)
Ischaemic heart disease 36.1 (256)
Heart failure 11.1 (79)
Atrial fibrillation or flutter 13.5 (96)
Cerebrovascular disease 21.1 (150)
Peripheral vascular disease 7.3 (52)
Osteoarthritis 57.0 (405)
Inflammatory arthritis 3.8 (27)
Osteoporosis 12.1 (86)
Chronic obstructive pulmonary disease 16.5 (117)
Asthma 4.1 (29)
Diabetes mellitus 13.5 (96)
Thyroid disease 14.8 (105)
Cancer within 5 years 6.2 (44)
Renal impairment 23.8 (169)

Geriatric conditions, % (𝑛)
Urinary incontinence 31.3 (222)
Falls 17.2 (122)
Visual impairment 36.2 (257)
Hearing impairment 60.4 (429)
Cognitive impairment 6.9 (49)

Disability score∗, median (IQR) 3 (1–6)
∗Total number of activities of daily living performed with difficulty or
requiring an aid/appliance or personal help [17].

and excluding geriatric conditions in the definition of cooc-
curring condition. Individual diseases and geriatric condi-
tions very rarely occurred in isolation. When geriatric con-
ditions were included as cooccurring conditions, over 96%
of cases of any index condition had at least one other cooc-
curring condition. The median (interquartile range, IQR)
number of cooccurring conditions ranged from 4 (3–5) for
hypertension, osteoarthritis, visual impairment, and hearing
impairment up to 6 (4–7) for heart failure. Excluding geriatric
conditions from the definition of cooccurring condition
generally had little effect on the proportion of disease cases
with comorbidity; the median (IQR) number of cooccurring
diseases ranged from 2 (2–4) for hypertension to 4 (3–5) for
heart failure and cancer (within five years).
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Figure 1: Prevalence of 20 diseases and geriatric conditions, with comorbidity (grey) and without comorbidity (black), in complete case
sample (𝑁 = 710).

3.5. Total Count of Diseases and Geriatric Conditions. The
median total number of conditions (diseases and geriatric
conditions) per participant was 4 (IQR, 3–6) and this was
higher in women (median 5, IQR 3–6) than men (median
4, IQR 3–6); 𝑝 value = 0.01. The median number of diseases
was 3 (IQR 2–4) and for geriatric conditions it was 1 (IQR 1-
2). Less than 1% (6/710) of participants had none of the 20
conditions and 6.5% (46/710) had only one condition, whilst
8.9% (63/710) had 8 or more conditions. The prevalence of
multimorbidity (two or more conditions) was 92.7% (658/
710) and was slightly, but not significantly, higher in women
(93.6%, 398/425) thanmen (91.2%, 260/285); 𝑝 value = 0.225.

3.6. Clusters of Participants with Similar Morbidity Profiles.
The 𝐹-statistic implied that the optimal number of clusters
lays between four and six, and subjective review suggested
that a five-cluster solutionwould yield groups ofmost clinical
relevance. The five clusters varied in prevalence within the
multimorbid sample; sex distribution; morbidity profile and
the mix found between diseases and geriatric conditions;
and use of healthcare services and prescribed medication.
Table 3 provides summary details of the cluster groups,
ordered and labelled alphabetically by cluster prevalence.
Table 4 lists condition prevalence by cluster, highlighting
those conditions occurring at higher and lower than average
prevalence (bold text = higher, ratio of prevalence in cluster to
prevalence in total sample with multimorbidity ≥1.2 : 1; italic
text = lower, ratio ≤0.8 : 1). Figure 2 shows the prevalence of
the 20 conditions within each of the five clusters and in the
total sample with multimorbidity.

The most common clusters—A (32.1% of multimorbid
sample, 211/658) and B (28.0%, 184/658)—were both charac-
terised by very high morbidity (10 conditions occurring at
higher than average prevalence). The pattern in Cluster A
was disease-based, whilst Cluster B had a mix of diseases and
geriatric conditions. In Cluster A, 10 diseases (hypertension,
heart failure, atrial fibrillation/flutter, cerebrovascular dis-
ease, peripheral vascular disease, renal impairment, diabetes,
asthma, thyroid disease, and cancer) occurred at higher than
average prevalence, whilst most of the geriatric conditions
occurred at lower than average prevalence. In contrast, in
Cluster B five diseases occurred at higher than average preva-
lence (atrial fibrillation/flutter, cerebrovascular disease, dia-
betes, inflammatory arthritis, and thyroid disease), together
with all five geriatric conditions. Clusters C (22.6% of sam-
ple, 149/658) and D (12.5%, 82/658) were characterised by
intermediate morbidity; four and six conditions, respectively,
occurred at higher than average prevalence, comprising a
mix of diseases and geriatric conditions. Cluster E (4.9%
of sample, 32/658), the least common group, appeared to
be the healthiest cluster; whilst five conditions occurred at
higher than average prevalence (mix of diseases and geriatric
conditions), 14 of the 20 conditions occurred at zero or
low prevalence. Higher than average prevalence was found
for three diseases (ischaemic heart disease, inflammatory
arthritis, and osteoporosis) and one geriatric condition (hear-
ing impairment) in Cluster C; three diseases (osteoarthritis,
chronic obstructive pulmonary disease, and asthma) and
three geriatric conditions (urinary incontinence, falls, and
cognitive impairment) in Cluster D; and two diseases (atrial
fibrillation/flutter and chronic obstructive airways disease)
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Figure 2: Prevalence of 20 diseases and geriatric conditions in each cluster group, and in total sample with multimorbidity.
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Table 4: Prevalence (%) of 20 conditions in each cluster and in total sample withmultimorbidity. Conditions occurring at higher than average
prevalence∗ are shown in bold text; those occurring at lower than average prevalence∗ are shown in italic text.

Cluster A Cluster B Cluster C Cluster D Cluster E Total multimorbid sample
𝑛 = 211 𝑛 = 184 𝑛 = 149 𝑛 = 82 𝑛 = 32 𝑛 = 658

Diseases
Hypertension 73.0 56.5 62.4 54.9 0.0 60.2
Ischaemic heart disease 42.2 40.2 54.4 9.8 6.3 38.6
Heart failure 26.1 6.5 6.7 1.2 3.1 12.0
Atrial fibrillation or flutter 18.0 18.5 8.7 2.4 21.9 14.3
Cerebrovascular disease 39.3 30.4 2.0 0.0 18.8 22.5
Peripheral vascular disease 12.3 7.6 7.4 0.0 3.1 7.9
Osteoarthritis 56.4 66.9 63.1 74.4 0.0 60.3
Inflammatory arthritis 3.3 4.9 6.0 2.4 0.0 4.1
Osteoporosis 10.9 11.4 18.1 14.6 6.3 12.9
Chronic obstructive pulmonary disease 15.2 17.9 8.7 26.8 46.9 17.5
Asthma 5.2 3.3 3.4 6.1 3.1 4.3
Thyroid disease 24.2 20.1 4.7 8.5 6.3 15.8
Diabetes mellitus 22.3 21.2 4.0 3.7 3.1 14.6
Cancer within 5 years 9.5 6.5 7.4 1.2 0.0 6.7
Renal impairment 58.3 16.3 6.7 6.1 3.1 25.7

Geriatric conditions
Urinary incontinence 15.6 79.4 6.0 41.5 0.0 33.7
Visual impairment 21.3 56.0 40.9 25.6 84.4 39.1
Hearing impairment 55.0 76.6 81.2 13.4 87.5 63.4
Falls 9.0 28.3 17.5 29.3 0.0 18.4
Cognitive impairment 3.3 9.8 3.4 19.5 9.4 7.5

∗Higher than average prevalence of a condition defined as a ratio of prevalence in cluster to prevalence in total sample with multimorbidity ≥1.2 : 1. Lower than
average prevalence of a condition defined as a ratio of prevalence in cluster to prevalence in total sample with multimorbidity ≤0.8 : 1.

and three geriatric conditions (visual impairment, hearing
impairment, and cognitive impairment) in Cluster E. Four
conditions—hypertension, osteoarthritis, hearing impair-
ment, and visual impairment—occurred at high prevalence
in at least four of the five clusters.

The total number of conditions amongst cluster group
members reflected the cluster morbidity profile; Clusters A
and B had the highest total number of conditions (medians
of five and six, resp.) with Clusters C, D, and E having lower
numbers (medians of four, three, and three, resp.). There
was a significant difference in sex distribution between the
clusters (𝑝 value = 0.002). Overall, women comprised 60.5%
(398/658) of the total sample with multimorbidity, whereas
Cluster E had equal numbers of men and women and in
Cluster D the proportion of women was 75.6% (62/82). Only
6.4% (42/658) of participantswithmultimorbiditywere living
in an institution (all in care homes); the prevalence was
somewhat higher in Clusters B (9.8%, 18/184) and D (9.8%
8/82), 𝑝 value = 0.056, which may reflect the high proportion
with cognitive impairment in those clusters.

3.7. Medication and Healthcare Use. Participants with mul-
timorbidity were high consumers of healthcare, particularly
primary care (Table 5). Prescribed medication burden was
also high, with polypharmacy (five or more medications)

in 69.8% (459/658) of participants and 17.3% (114/658) pre-
scribed 10 or more medications. Between-cluster differences
were found in the number of medications (𝑝 value = 0.0001);
overnight hospital admissions (proportion admitted at least
once in previous 12 months, 𝑝 value = 0.022); general
practitioner consultations (proportion consulting at least
once in previous 12 months, 𝑝-value = 0.034); and general
practice nurse consultations (proportion consulting at least
once in previous 12 months, 𝑝 value = 0.011 plus number
of consultations for those consulting, 𝑝 value = 0.009). For
medication, hospital admissions, and general practice nurse
consultations, the level of use generally reflected cluster
morbidity load with higher use found in Clusters A and
B. In those with at least one hospital admission, there was
some suggestion of a higher total length of stay in Cluster B,
although the difference did not reach statistical significance
(𝑝 value = 0.058). Whilst there were cluster differences in
the proportion consulting their general practitioner at least
once during the previous 12 months, the high percentage
found in all clusters (87.8–97.3%) makes it difficult to deter-
mine whether this variation is of clinical significance. The
number of general practitioner contacts, amongst those who
consulted, was similar across clusters. Given the difference in
sex distribution between clusters and that we have previously
found sex differences in general practice nurse consultations
in this cohort (women having lower levels of use than
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men) [17], we repeated the analysis of general practice nurse
consultations adjusting for sex. Between-cluster differences
remained in both the proportion consulting (𝑝 value = 0.026)
and the number of consultations (𝑝 value < 0.001).

4. Discussion

We have reported novel data detailing the extensive and
complex morbidity burden found in a UK population-based
cohort of 85-year-olds and the relationship between morbid-
ity profiles and medication and healthcare use. Novel aspects
of our approach include the use of cluster analysis to identify
distinct subgroups of participants with similar combinations
of conditions and the inclusion of geriatric syndromes and
impairments in addition to diseases. We found that chronic
diseases and geriatric conditions were both common in the
very old and that individual conditions very rarely occurred
in isolation. Multimorbidity was almost universal and the
average number of conditions was high. Cluster analysis
identified five distinct subgroups of participants with similar
patterns of morbidity. The two most prevalent clusters,
accounting for 60% of the sample, showed very high levels of
morbidity; one was predominantly disease-based, whilst the
other comprised a mix of diseases and geriatric conditions.
The healthiest profile accounted for only 5% of the sample
and, even in this “healthy” cluster, participants still had an
average of three conditions. Participants withmultimorbidity
were high consumers of healthcare, particularly primary care,
and prescribed medication burden was high with polyphar-
macy (five or more prescribed medications) found in almost
70%.

It should be noted that cluster analysis is an exploratory
technique and different clustering algorithms can produce
varying results [30]. However, our findings of disease com-
binations which mirror known groupings and the between-
cluster differences in healthcare use provide evidence of the
validity of our approach. Cluster A included five interlinked
“circulatory” diseases (hypertension, heart failure, atrial fib-
rillation/flutter, cerebrovascular disease, and peripheral vas-
cular disease) and three diseases associated with circulatory
disease (diabetes, thyroid disease, and renal impairment).
Cluster A also included cancer which could be linked to
circulatory diseases through the common risk factor of smok-
ing. Cluster B included the established groupings of atrial fib-
rillation/flutter with cerebrovascular disease andwith thyroid
disease and diabetes with cerebrovascular disease. Another
recognised pairing was that of atrial fibrillation and cognitive
impairment found in Clusters B and E. Geriatric syndromes
tended to cluster together in line with previous reports [31,
32]. All five geriatric conditions occurred at higher than
average prevalence in Cluster B and three conditions in
Clusters D and E; in contrast, most geriatric conditions were
less prevalent in Cluster A. Geriatric syndromes are thought
to result from impairments across multiple systems; they
may share common risk factors and pathophysiological
mechanisms and could be amenable to unified intervention
strategies [19]. Of note, Clusters C, D, and E included less
familiar disease groupings, for example, ischaemic heart
disease, inflammatory arthritis, and osteoporosis (Cluster

C), and some diseases in Cluster A (asthma) and Cluster
B (inflammatory arthritis) do not readily “fit” with the rest
of the cluster. Disentangling the basis of such “unfamiliar”
associations may point the way to promising new avenues of
research [33].

Recent systematic reviews of studies of multimorbidity
patterns confirm the paucity of research in this area, par-
ticularly in the very old [33, 34]. Cluster analysis has been
used in a small number of studies [30, 35–41], many of
which focused on specific groups such as the hospitalised
elderly [37], Native Americans [38], US Veterans [39], and
homeless veterans [40]. Most studies used the approach of
clustering by condition rather than by participant [35–39,
41]; this produces somewhat crude groupings and has the
drawback that each condition can only appear in one cluster
(an artefact of the clustering algorithm [39]), as well as it
being less straightforward to assign study participants to
cluster groups and therefore to examine associations with
outcomes. Only two studies have, as we did, clustered by
participant to identify distinct subgroups of people sharing
similar morbidity profiles, neither of which used population-
based samples [30, 40].

Few studies have focused on the very old, all of which
used cluster analysis with clustering by condition.Marengoni
et al. examinedmorbidity patterns in the Kungsholmen study
(𝑛 = 1077, aged 77 and over) [36]; Formiga et al. in the
Octobaix study (𝑛 = 328 aged 85) [41]; and Dong et al. in
the ELSA 85 study (𝑛 = 496, aged 85) [35]. Five clusters
were identified in the Kungsholmen cohort: circulatory;
cardiopulmonary; dementia, depression and hip fracture;
diabetes and visual impairment; and cancer with anaemia
[36]. The Octobaix cohort had four main clusters: circula-
tory plus visual impairment; dementia, Parkinson’s disease,
peripheral vascular disease, dyslipidaemia, and anaemia;
chronic obstructive pulmonary disease and malignancy; and
hearing impairment [41]. Five main clusters were found in
women from the Elsa 85 cohort: vascular; cardiopulmonary;
dementia and affective disorders; osteoarthritis and urinary
incontinence; and malignancy and thyroid disease [35]. Our
study builds on these findings by including a larger sample
size of the very old and a larger number of conditions (with
osteoarthritis, incontinence and falls included) and by using
an alternative approach of clustering by participant rather
than by condition. Marked methodological heterogeneity
between studies makes direct comparison of the patterns
problematic; however the finding of circulatory cluster(s) is
a common theme across all studies of the very old, including
our own.

Studies ofmultimorbidity patterns, in all age groups, were
the focus of a recent systematic review by Prados-Torres et
al. [33]. Fourteen studies were included, 8 of which focused
on participants over 60 years whilst 3 included individuals
as young as 15; the Kungsholmen study was the only study
focusing on the very old [36]. Ninety-seven disease pat-
terns were identified across the 14 studies. The considerable
methodological variation between studies—in age group,
setting, number and types of conditions included, ascer-
tainment criteria, and statistical techniques—makes direct
comparison difficult. Nevertheless, three broad groups of
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patterns were highlighted: a cardiovascular/cardiometabolic
group, found in 10/14 studies; a mental health group, in
10/14 studies (at least one mental health problem, most
commonly depression and/or anxiety); and amusculoskeletal
group, in 10/14 studies (at least one musculoskeletal condi-
tion, most commonly arthropathy, back/neck pain, and/or
osteoporosis). In each of these broad groups, a wide range
of additional comorbidities was found, only some of which
had logical associations. Comparing these findings to studies
of the very old, all three broad groups can be seen in the
Elsa 85 cohort [35], two in the Kungsholmen cohort [36],
and one in the Octobaix cohort [41]. In the Newcastle 85+
cohort, our finding of a cardiometabolic cluster (Cluster A),
together with musculoskeletal conditions in Clusters C and
D, would fit with these broad trends, although we found
osteoarthritis to be of high prevalence in four of our five
clusters.Wewere unable to includemeasures ofmental health
in our analysis. Whilst it would be interesting to further
analyse pattern differences between the very old and younger
age groups, the marked methodological differences between
studies precludes meaningful interpretation.

Strengths of this study include its population-based
sample, which included the institutionalised and those with
cognitive impairment, and the domiciliary assessment which
avoids the selection bias inherent in clinic-based assessment
of this age group. The use of dual data sources is a further
strength; disease ascertainment frommedical records ismore
reliable than self-report in older age groups, particularly in
those challenged by multimorbidity or cognitive impairment
[42–44], whilst participant assessment is superior for geri-
atric conditions which may be undiagnosed and/or their
presence poorly documented [45]. Our work has a number of
limitations.The sample analysed (𝑛 = 710) represents 49% of
those eligible to participate. Within the limits of the analysis
possible, it does not appear that study nonparticipants were
less healthy than participants although those with cognitive
impairment may have been underrepresented [46]. However,
those participants excluded from the analysis due to missing
data were less healthy than those with complete data, and
consequently our data may underestimate the scale of multi-
morbidity. Some important conditions were excluded due to
absence in the study dataset or a high rate of missing values,
for example, mental health problems; hence our estimate
of multimorbidity is somewhat conservative. Our sample
derives from a single urban area in North East England, with
predominantly white ethnicity. Whilst 85-year-olds in this
area are sociodemographically and ethnically similar to those
in England and Wales as a whole [17], they may differ from
those in other parts of the world.

The extensive and complex morbidity burden found in
the majority of very old people presents a considerable chal-
lenge for healthcare services. Current approaches to chronic
disease management are focused largely on a single disease
paradigm. In patients with many conditions, application
of multiple disease-specific guidelines can lead to clinical
chaos, polypharmacy, and interactions between strategies for
individual conditions [47, 48]. Healthcare can become frag-
mented, costly, and potentially ineffective (or even injurious)
[9, 10]. Despite growing recognition of the importance of

multimorbidity, there remains insufficient data to inform
evidence-based care for multimorbid patients of any age [49]
and the knowledge gap is particularly acute in older people
[3]. Clinical trials routinely exclude patientswith cooccurring
conditions [50], and older people are consistently under-
represented [50, 51]. Clinical practice guidelines focused on
the index disease fail to address the needs of people with
complex multimorbidity [47, 48, 52]; furthermore they rarely
include information on the quality of research evidence in
older people or give specific recommendations for older
people [48, 53]. Strategies proposed to improve the care of
patients with multimorbidity [5–7, 54–58] will need to be
appropriate to the very old who, as we have shown, have
a considerable and complexmorbidity burden. In theUK, the
demarcations between (and within) primary care, commu-
nity health services, and secondary care and between health
and social care are increasingly seen as a barrier to providing
the personalised and coordinated approach needed by older
people with multimorbidity. The National Health Service is
therefore supporting the creation of major new models of
care integrated around the patient and their needs, which will
cross traditional organisational and departmental boundaries
[59].

5. Conclusions

Themajority of 85-year-olds in this population-based cohort
in North East England had extensive and complex morbidity.
The elaboration of clusters of older people sharing similar
morbidity profiles is likely, in time, to help throw light
on shared pathophysiological processes, creating the poten-
tial for novel preventive measures and targeted therapies.
Furthermore, it will inform the development of healthcare
services which are better able to meet the complex needs of
the very old.
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In the search of predictors of inadequate physical activity, an investigation was conducted into the association between
multimorbidity and physical activity (PA). So far the sum of diseases used as a measure of multimorbidity reveals an inverse
association. How specific combinations of chronic diseases are associated with PA remains unclear. The objective of this study
is to identify clusters of multimorbidity that are associated with PA. Cross-sectional data of 3,386 patients from the 2003 wave of
the Dutch cohort study SMILE were used. Ward’s agglomerative hierarchical clustering was executed to establish multimorbidity
clusters. Chi-square statistics were used to assess the association between clusters of chronic diseases and PA, measured in
compliance with the Dutch PA guideline. The highest rate of PA guideline compliance was found in patients the majority of whom
suffer from liver disease, back problems, rheumatoid arthritis, osteoarthritis, and inflammatory joint disease (62.4%). The lowest
rate of PA guideline compliance was reported in patients with heart disease, respiratory disease, and diabetes mellitus (55.8%).
Within the group of people with multimorbidity, those suffering from heart disease, respiratory disease, and/or diabetes mellitus
may constitute a priority population as PA has proven to be effective in the prevention and cure of all three disorders.

1. Introduction

Multimorbidity, defined as the coexistence of two or more
chronic diseases, is progressively more prevalent with age
[1–3]. Patients with multimorbidity tend to have a poorer
functional status, diminished quality of life and make more
use of ambulatory and inpatient healthcare [4]. However, the
growing prevalence of patients withmultiple chronic diseases
not only is the result of ageing and advances in medical care,
but is also related tomodifiable factors like unhealthy lifestyle
behaviours; various studies have shown a strong association

between an unfavourable lifestyle and many chronic diseases
[5–7]. It is therefore important to consider lifestyle as a
relevant strategy for the secondary prevention and cure of
multimorbidity in patients.

Regular physical activity (PA) has proven to be effective
in the prevention and cure of chronic conditions [8]. An
inverse relationship has been shown between regular PA
and cardiovascular disease, thromboembolic stroke, hyper-
tension, osteoporosis, diabetes mellitus type II, obesity, colon
cancer, breast cancer, anxiety, and depression [9]. In a study of
Kaplan et al. [10] the absence of thirteen chronic diseases was
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related to frequent PA. In addition to the association between
PA and isolated chronic diseases, the association between
PA and multimorbidity has recently been explored in older
patients in a cross-sectional study by Autenrieth et al. [11].
This study showed an inverse relationship between PA and
multimorbidity among men aged 65–94 years. We wish to
stress here that the analysis of the study of Kaplan et al. [10]
was based on the sumof 13 chronic diseases, while Autenrieth
et al. [11] defined multimorbidity as the presence of ≥2
chronic diseases from a list of 13 diseases. Both studies used
the sum of diseases as a measure for multimorbidity. Using
the summation of diseases as a measure of multimorbidity
has been criticised as comparing apples and oranges [12].The
resulting composite expresses multimorbidity in an additive
form. A more comprehensive approach is suggested that
takes into account how chronic diseases are distributed
and aggregate in the population, whereby any clustering
of chronic diseases keeps the unique contribution of each
disease salient [13]. In addition, it allows an examination of
how specific combinations of chronic diseasesmay interact to
affect physical activity behaviour.We hypothesise that certain
combinations of chronic diseases may present a stronger
association with physical activity as previous studies have
already shown that the cumulative effect of chronic diseases
is not simply additive [12]. Awareness of the association
between specific combinations of chronic diseases and lim-
ited physical activity levels could facilitate the development
of more targeted counselling strategies and treatment plans.

Prior work has shown an inverse relationship between the
number of chronic diseases and physical activity. Yet, to our
knowledge no study has assessed the association between spe-
cific disease clusters and physical activity.This study therefore
goes beyond prior work in the field of multimorbidity and
investigates which clusters of multiple chronic diseases are
associated with PA in a large representative sample of older
Dutch people above 55 years of age, measured in compliance
with the Dutch PA guideline.

2. Method

2.1. Study Design and Setting. This cross-sectional study is
part of a dynamic prospective cohort study, the Study of
Medical Information and Lifestyles in Eindhoven (SMILE),
the Netherlands. The SMILE cohort study was performed
between 2002 and 2010 and was a joint project between
Maastricht University and the Eindhoven Corporation of
Primary Health Care Centres (SGE), including nine centres
representing 32 general practitioners. Data for the SMILE
cohort study was collected in two ways: (1) information on
morbidity, mortality, medication use, and healthcare facil-
ity utilisation was continuously registered using electronic
medical records (EMRs) in the nine primary healthcare
centres and (2) information on lifestyles and chronic diseases
was collected by using annual self-administered paper ques-
tionnaires. Information on physical activity was collected
annually in November. The self-reported chronic disease
questionnaire was collected annually inMay among all adults
aged 55 years and older. The SMILE study protocol has
been published [14] and approved by the Medical Ethics

Committee of the Maastricht Academic Hospital (MEC 07-
4-030). To enhance transparency and reproducibility, this
paper has been written according to the STROBE checklist
for cohort studies.

2.2. Participants. Registrees (12 years and older) of the
participating healthcare centres were invited to participate
in the overall study. All patients signed informed consent
forms. Adult data (from patients aged 55 years and older)
from 2003 was used in the present study since that year
included the largest number of patients who completed both
questionnaires (𝑛 = 3,386).

2.3. Variables. Compliance with the Dutch PA guideline,
which states that every adult should accumulate 30 minutes
or more of moderate intense physical activity (4METs)
on at least five, or preferably all, days of the week [15],
was the primary outcome measurement (1 = compliance
with the guideline; 0 = no compliance with the guideline).
Cluster variables included the presence or absence of 15 self-
reported chronic diseases. The derived clusters operated as
independent variables.

2.4. Data Sources/Measurement. Data about the level of
physical activity came from the adult questionnaire and self-
reported chronic diseases data was extracted from the 55+
questionnaire.

2.4.1. Short Questionnaire to Assess Health-Enhancing Physical
Activity (SQUASH). Physical activity was measured by the
“Short Questionnaire to Assess Health-Enhancing Physical
Activity (SQUASH)” [15]. Patients were asked to refer to
an average week in the past few months. The SQUASH
questionnaire was structured in a way that made it pos-
sible to assess compliance with the Dutch PA guideline.
The SQUASH consists of three main queries: number of
active days per week, average time per day, and intensity.
All physical activities were prestructured in (a) commuting
activities, (b) leisure-time activities, (c) household activities,
and (d) activities at work and at school. Examples for each
category of physical activity (a–d) were given as activities
at work, household activities, and sports. Example activities
were chosen based on an intensity of 4METs but did not
include light activities at work and light household activities.
These light activities entail a considerable amount of time
per day and therefore contribute to the habitual activity level.
Moreover, in conformity with the SQUASH questionnaire,
manual hobbies were excluded in the SQUASH due to their
low MET values (∼2METs); however, hobbies that do have
meaningful MET values were noted under sports.

An intensity score and a total activity score were allocated
to all activities. Each activity was assigned a MET value
using the Ainsworth compendium for physical activities,
in which one MET is defined as the energy expenditure
for sitting quietly [16]. For each intensity category, cut-off
points were defined based on the Dutch PA guideline [15].
Activities between 1.6 and 2.9METs were classified as lightly
intense, between 3 and 5.9METs as moderately intense, and
≥6METs as vigorously intense [15, 16]. The total minutes
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of each activity were calculated by multiplying frequency
(days/week) by duration (minutes/day).

2.4.2. Self-Reported Chronic Disease Questionnaire. Thepres-
ence or absence of 15 chronic diseases was measured using
the self-reported chronic disease questionnaire. This ques-
tionnaire is based on a medical screening questionnaire of
the Dutch Association of General Practitioners (LHV) [17].
Patients had to record their actual health status for the
following fifteen chronic diseases: chronic bronchitis, emphy-
sema, and asthma; heart disease or myocardial infarction;
severe bowel disease; liver disease or cirrhosis; severe kidney
disease; diabetes mellitus; malignancy or cancer; epilepsy;
migraine; stroke or stroke-related complaints; inflammatory
joint disease; rheumatoid arthritis; osteoarthritis of knees,
hips, and hands; severe back problems, hernia, sciatica, or
osteoarthritis; and persistent injury from an accident at
home, in sports, school/work, or traffic. Data on chronic
diseases were binary (1 = a given disease is present; 0 = a given
disease is absent). An open question in the questionnaire
allowed patients to add other present chronic diseases that
were not listed in the questionnaire. To maximise the use of
available data, all chronic diseases noted in the open question
(𝑁 = 1,077) were incorporated in the data gathered from
the completed self-reported chronic disease questionnaires.
Two researchers, assisted by a medical specialist, separately
assigned the diseases noted in the open question to the
existing categories in the chronic disease questionnaire (JT).

2.5. Bias. Cluster analysis algorithms assume that there are
no missing values. Solutions are developed if values are
missing; however, these are only technically valid if the
values are missing completely at random (MCAR). In the
self-reported chronic disease questionnaires, missing values
are observed ranging from 592 (17.5%) for epilepsy to 818
(24.2%) for inflammatory joint disease. We assume that these
missing values are not completely random (MNAR) [18] but
are the result of inadequate instructions being provided with
the chronic disease questionnaire. Patients were asked to
indicate in a dichotomous prestructured form (yes/no) which
of the 15 chronic diseases they suffer from. The hypothesis
is that a proportion of patients followed this instruction by
only indicating the presence of a certain disorder without
explicitly registering the absence (by ticking “no”) of all other
diseases listed. Following this hypothesis, all missing values
for the 15 chronic diseases were interpreted and recoded as
“disease being absent.”

2.6. Statistical Analysis. The aim of the analysis was to
identify clusters of chronic diseases based on their relative
similarity or dissimilarity (distance). Cluster analysis is used
because it best fits the aim of our study, namely, to identify
meaningful groups of patients with chronic diseases. Because
there is not a one-and-only valid approach to establish
groups of patients in relation to chronic diseases, the two
most frequently applied forms of clustering, namely, Ward’s
agglomerative hierarchical clustering and 𝐾-means cluster-
ing, were used.

First, the most widely used form of clustering [18–
20], Ward’s agglomerative hierarchical clustering, applying
squared Euclidean distance as a similarity measure, was
performed. Each individual disease starts as an individual
cluster which is then gradually agglomerated with the next
most similar cluster on the basis of a proximity measurement
using a predefined fusion algorithm [19]. Distances are recal-
culated and diseases reassigned until all are in a single cluster.
Robust groups of chronic diseases are obtained at the point
where the individual clusters are as homogeneous as possible
within clusters and as heterogeneous as possible in relation
to the other clusters [20]. As the number of clusters was not
known a priori, a series of cluster analyses with predefined
cluster numbers ranging from 2 to 5 was performed. The
agglomerative coefficient, the dendrogram, and the pseudo-
𝐹 statistic were used to determine the appropriate number
of clusters. The pseudo-𝐹 statistic (ratio of the mean sum of
squares between groups to the mean sum of squares within
groups [20]) was calculated to capture the “tightness” of
clusters. The following formula was used to calculate the
pseudo-𝐹 statistic:

Pseudo-𝐹 = (SS (T) − SS (W)) / (𝑁 − 1)
WGSS/ (𝑛 − 𝑁)

. (1)

In the above formula, SS(T) is the total sum of squares,
SS(W) is the within-group sum of squares, and 𝑁 is the
number of clusters. A larger pseudo-𝐹 statistic indicates a bet-
ter cluster solution. Second, based on the findings obtained
fromusingWard’s agglomerative hierarchical clustering, a𝐾-
means cluster analysis was executed to check our findings.
Unlike the hierarchical clustering method, 𝐾-means starts
by assigning patients randomly to one cluster and proceeds
with iteration. Patientswere gradually reassigned tominimise
the within-cluster variation. This iteration was continued
until the smallest within-cluster variation was reached. One
thousand combinations of random starts were investigated.
Cross-tabulation using chi-square statistics was performed to
assess the association between established clusters of chronic
diseases and compliance with the Dutch PA guideline. To get
full insight into the association between multimorbidity and
physical activity and to study the consequences of branching
of clustersWard’s two-to-five-cluster solution will be studied.
Disease frequency distributions within each cluster were
evaluated using crosstabs. The sociodemographic character-
istics of all patients belonging to each cluster in each cluster
solution were determined using descriptive and frequency
statistics.

3. Results

3.1. Participants. Both the general adult questionnaire and
the additional 55+ questionnaire were returned by 3,386
patients.

Fifty-three per cent were female and the average age of
patients was 68 years (range: 55–95 years).The average length
and bodyweight of patients were 1.70m (range: 1.41–1.99m)
and 75 kg (range: 40 kg–185 kg), respectively.Osteoarthritis of
knees, hips, and hands was the most prevalent disease (23%).
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Table 1: Characteristics of the study population.

Characteristicsa Total population
𝑁 = 3,386

Males
(47.1%)
𝑛 = 1,595

Females
(52.9%)
𝑛 = 1,791

Age (years) 67.5 ± 8.3 67.5 ± 8.2 67.5 ± 8.4
Length (cm) 170.0 ± 8.8 176.2 ± 6.6 164.3 ± 6.5
Body weight (kg) 75.1 ± 13.8 80.4 ± 13.3 70.3 ± 12.3
Chronic bronchitis, emphysema, and asthma 321 (9.5) 148 (9.3) 173 (9.2)
Heart disease or myocardial infarction 299 (8.8) 180 (11.3) 119 (6.6)
Severe bowel disease 112 (3.3) 51 (3.2) 61 (3.4)
Liver disease or cirrhosis 16 (0.5) 9 (0.6) 7 (0.4)
Severe kidney disease 48 (1.4) 25 (1.6) 23 (1.3)
Diabetes mellitus 230 (6.8) 122 (7.6) 108 (6.0)
Malignancy 77 (2.3) 44 (2.8) 33 (1.8)
Epilepsy 20 (0.6) 7 (0.4) 13 (0.7)
Migraine 158 (4.7) 52 (3.3) 106 (5.9)
Stroke or stroke-related complaints 70 (2.1) 35 (2.2) 35 (2.0)
Inflammatory joint disease 302 (8.9) 115 (7.2) 187 (10.4)
Rheumatoid arthritis 150 (4.4) 43 (2.7) 107 (6.0)
Osteoarthritis of knees, hips, or hands 780 (23.0) 290 (18.2) 490 (27.4)
Severe back problems, hernia, sciatica, or osteoarthritis 517 (15.3) 239 (15.0) 278 (15.5)
Persistent injury from an accident at home, in sports, school/work 132 (3.9) 61 (3.8) 71 (4.0)
aDichotomous variables are presented as𝑁 (%) and continuous variables as the mean ± standard deviation.

Table 2: Agglomerative coefficient and pseudo-𝐹 statistic for hierarchical clustering.

Number of clusters Agglomeration last step Coefficient current step Score change Pseudo-𝐹 𝑝 value
2 2847.045 2516.781 330.264 1533.167b 0.000
3 2516.781 2307.600 209.181a 767.332 0.000
aDemarcation point → 2 clusters.
bRatio of between-cluster variance to within-cluster variance largest → 2 clusters.

The prevalence of heart disease or myocardial infarction
was approximately twice as high in males as in females
(11.3% versus 6.6%, resp.). In comparison, musculoskeletal
disorders like inflammatory joint disease (7.2% versus 10.4%),
rheumatoid arthritis (2.7% versus 6.0%), and osteoarthritis
of knees, hips, and hands (18.2% versus 27.4%) were less
prevalent among females compared with males (Table 1).
Prevalence rates of all fifteen chronic diseases from the
SMILE cohort (measured in the Eindhoven region) were
comparable with national prevalence rates in Dutch older
adults [21, 22].

3.2. Multimorbidity Clusters

Two-Cluster Solution. For Ward’s agglomerative hierarchical
clustering, the stepwise agglomerative coefficients and the
pseudo-𝐹 statistic suggested a two-cluster solution being
most feasible (Table 2). 𝐾-means clustering displayed con-
sistent results, with the sum of squares (SS) being 2177.8 and
pseudo-𝐹 being 1318.4.

Figure 1 shows for each disease how the patients (i.e., the
patients that have the disease in question) are distributed

across the two clusters. For instance, the first bar in the
figure shows that of the patients who have chronic bronchitis,
emphysema, and asthma, 10% are assigned to cluster one and
90% are part of cluster two. Detailed information about the
importance and distribution of each chronic disease in the
clustering can be found in Appendix A.

Of the patients who have severe bowel disease 96.4% are
included in cluster one. Of the patients with severe kidney
disease or cancer also the majority is involved in cluster
one (85.4% and 81.1%, resp.). Similarly of the patients with
epilepsy (65.0%), migraine (71.5%), stroke, or stroke-related
complaints (87.1%) and persistent injury from an accident at
home, in sports, school/work, or traffic (80.3%) the majority
is a member of the first cluster. In other words, cluster one is
the dominant cluster for severe bowel disease, severe kidney
disease, cancer, epilepsy, migraine, stroke, and persistent
injury from an accident.

Cluster two is dominated by respiratory disease, heart
disease, liver diseases, diabetes mellitus, inflammatory joint
disease, rheumatoid arthritis, osteoarthritis, and severe back
problems. Of the patients with chronic bronchitis, emphy-
sema and asthma 90.0% are in cluster two. Of the patients
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Figure 1: The distribution of patients that suffer from one of the 15 chronic diseases across the two clusters.

withmyocardial infarction 89.0% are in cluster two and 81.3%
of the patients suffering from liver disease or cirrhosis are
included in the second cluster. The majority of the patients
with diabetes mellitus (87.4%), inflammatory joint disease
(92.1%), rheumatoid arthritis (92.0%), osteoarthritis of knees,
hips, and hands (84.7%), and severe back problems, hernia,
sciatica, or osteoarthritis (82.3%) are also member of cluster
two.

A resumed description of the two clusters is also pre-
sented in Figure 2.

3.2.1. Association between Clusters and Physical Activity

Two-Cluster Solution. Of the total of 3,386 patients, 60.8%
(𝑁 = 2,060) complied with the Dutch physical activity
(PA) guideline. Of the people belonging to cluster one, 61.8%
complied with the Dutch PA guideline, and, of the people
belonging to cluster two, 59.4% complied with this guideline.
The proportion of respondents that complied with the Dutch
PA guideline was not significantly different between the two
clusters (chi-square: 1.847; 𝑝 = 0.174).

Although statistically a two-cluster solution was iden-
tified as being most optimal, the aim of this study was to
discover the combination of diseases that not only cluster but
also interactwith physical activity. To explorewhether further
branching of clusters might provide information regarding
the relationship between clusters and physical activity, analy-
sis proceeded with a Ward’s three-cluster solution.

3.3. Multimorbidity Clusters

Three-Cluster Solution. The results of Ward’s three-cluster
solution are presented in Figure 2, with Ward’s two- and
three-cluster solutions shown on the horizontal axis. The

boxes below each cluster solution represent the clusters and
contain the diseases in each cluster. Ward’s three-cluster
solution showed that the first cluster remained the samewhile
cluster two separated further (Figure 2). The third cluster
contained patients the majority of whom had heart disease
or myocardial infarction (77.6%), diabetes mellitus (83.9%),
and/or chronic bronchitis, emphysema, and asthma (82.9%).

3.3.1. Association between Clusters and Physical Activity

Three-Cluster Solution. The proportion of adults that comply
with the Dutch PA guideline is highest in cluster two (62.4%),
followed by cluster one (61.8%) and finally cluster three
(55.8%). The relationship between the three-disease clusters
and PA guideline compliancewas statistically significant (chi-
square: 7.968; 𝑝 = 0.019).

Ward’s four-cluster solution led to a cluster containing a
single disease (heart disease). First, because a single disease
does not represent a multimorbidity cluster and hence does
not fit the aim of the present study, clustering was stopped
after Ward’s three-cluster solution. Second, all other clusters
presented in the four-cluster solutionwere comparable which
supports our decision to stick to the three-cluster solution
(Appendix B).

4. Discussion

The aim of the present study was to assess the relation-
ship between multimorbidity clusters and compliance with
the Dutch physical activity (PA) guideline. The two-cluster
solution showed no significant association with PA guide-
line compliance. Further exploration revealed a significant
relationship between threemultimorbidity clusters and phys-
ical activity. The highest rate of PA guideline compliance
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Figure 2: Description of identified clusters according to Ward’s agglomerative hierarchical two- and three-cluster solution.

(62.4%) was found in cluster two, of which the majority of
patients had liver disease, back problems, rheumatoid arthri-
tis, osteoarthritis, and inflammatory joint disease.The lowest
rate of PA guideline compliance (55.8%) was reported in
patients with heart disease, respiratory disease, and diabetes
mellitus. Compared with the average Dutch proportion of
older adults (e.g., 68.6% [21, 22]), fewer people adhered to the
Dutch physical activity guideline in all three clusters.

The main limitation of the present study is its cross-
sectional design, which prevents the establishment of any
causal inference. The quantity of missing values ranging
from 17.5% (epilepsy) to 24.2% (inflammatory joint disease)
in the self-reported chronic disease questionnaire formed a
limitation. To obtain as much information as possible, we
interpreted missing values as absence of the disease, and this
may have caused the disease burden in this population to have
been underestimated. As a control, patient characteristics
were checked, revealing comparable results for patients with
and without missing data on chronic diseases. Furthermore,
the presence of chronic diseases was measured via a self-
reported questionnaire, and one may well wonder whether a
patient is able to report this information adequately. Informed
consent issues prevented us from being able to check the self-
reported data against data registered in electronic medical
records (EMRs). Nevertheless, previous research on the

SMILE cohort identified a high level of agreement between
self-reports of chronic diseases and information from EMRs
[23]. The high level of agreement between medical records
and patients’ reports in this large community-based cohort
supports the accuracy of self-reported data used in answering
the research question.The self-reported chronic disease ques-
tionnaire could be considered limited andwithout any assess-
ment of disease severity, and this may have led to an under-
or overestimation of the true burden of chronic diseases.
Moreover, people tend to overestimate their physical activity
level [24], which might have introduced another systematic
bias. Also not considered were seasonal influences that could
influence the amount of PA performed. Yet, the SQUASH
questionnaire represents a reliable and valid measurement
instrument for population samples [15]. Finally, while a
measure of social desirability may also have influenced the
patients’ answers, the respondents remained anonymous to
researchers and were assured that their information would
not be reported to their general practitioner. Despite these
limitations, this study is the first to examine the relationship
between clusters of chronic diseases and physical activity.

The first analysis revealed two clusters for which no
association with PA was detected. The clusters found were
broad (representing at least seven diseases) and diverse in
terms of types of the diseases embodied in each cluster. As
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previous research had shown an inverse relationship between
multimorbidity and PA, the question ofwhich specific disease
combinations are associated with PA remained unanswered.
Therefore, the exploration was continued with the three-
cluster solution and we found that only the initial second
cluster had branched out into two new ones. The results of
the three-cluster solution showed that cluster one remained
unchanged and that heart disease, respiratory disease, and
diabetes had separated from the original cluster two to form
a third cluster. The relationship between the three-cluster
solution and PA was significant. The third cluster had the
lowest proportion of people who were compliant with the
Dutch PA guideline. The highest proportion of people who
were compliant was found in cluster two, which had a
compliance proportion similar to cluster one.

As people in cluster three showed lower activity levels on
average, itmight beworthwhile to examine the diseases found
in this cluster, namely, heart disease, respiratory disease,
and diabetes mellitus. It may not be surprising that this
combination of diseases formed a separate cluster given that
they are highly prevalent diseases that have been shown to be
interrelated. For example, Howard et al. [25] estimated that
the relative risk of developing cardiovascular disease is two to
eight times higher in people with diabetes mellitus compared
with nondiabetics. The relationship between respiratory
disease and cardiovascular disease seems to be related to
systemic inflammation and chronic infections [26]. Systemic
inflammation also seems to contribute to the triangle associ-
ation as there seem to be increased inflammatory markers in
diabetes mellitus and respiratory disorders. Reactive Oxygen
Species (ROS) injure the airways and promote inflammation
and are considered an underlying cause of insulin resistance.
Moreover, all three diseases may be intimately intertwined
because they share the same risk factors (e.g., smoking,
obesity, hyperlipidaemia, and hypertension) [27].

The fact that the diseases in cluster three showed the
lowest proportion of PA guideline compliance could be
expected. The inverse relationship between cardiovascular
disease, respiratory disease and diabetes mellitus, as indi-
vidual disorders, and physical activity has been studied
extensively [25–27].

To our knowledge, only four studies have until now
investigated the relationship between multimorbidity and
PA [10, 11, 28, 29]. Three of these four studies found an
inverse relationship between multimorbidity and physical
activity levels [10, 11, 29]. The results of these studies concur
with those presented by Hudon et al. [28] who reported
that multimorbidity was not associated with physical activity
levels. Measurement differences in the assessment of multi-
morbidity andPAchallenge the comparability of results. First,
regarding the estimation of chronic diseases, correspondence
existed as all four studies used self-reported data and counted
the number of chronic diseases. Nevertheless, the chronic
diseases listed in the survey or questionnaire and the cut-
off point of the disease count defining multimorbidity were
dissimilar. Second, differences in PA measurement might
have contributed to the variation observed in the results as
physical activity is a complex and multidimensional depen-
dent variable which makes population-based measurement

difficult. Kaplan et al. [10] asked patients to report the number
of times in the past month that they had taken part in
recreational PA lasting ≥ 15 minutes. Similarly, Hudon et al.
[28] measured PA by the number of recreational PA sessions
of 20–30 minutes during the preceding three months. The
PASE, an instrument that measures the level of physical
activity for individuals aged 65 years and older, was used in
the study of Autenrieth et al. [11]. The PASE is comprised
of self-reported occupational, household, and leisure items
over a one-week period. However, to reach sufficient content
validity van Poppel et al. [30] recommended in 2010 (after
the study of Kaplan et al. [10] and Hudon et al. [28] had been
published, but before Autenrieth and colleagues started their
investigation) that each questionnaire assessing total physical
activity should at least measure duration and frequency
in all settings (household, work, transport, recreation, and
sport). Both the International Physical Activity Question-
naire (IPAQ) used by Cimarras-Otal et al. [29] and the Short
Questionnaire to Assess Health-Enhancing Physical Activity
(SQUASH), which was used in this study, follow this rec-
ommendation. The IPAQ and the SQUASH questionnaires
allow for amore detailed assessment as they include questions
on activity frequency, duration, and intensity and make it
possible to determine if a person meets the current recom-
mendation for physical activity. It is important to emphasise
that multimorbidity was classified into categories (0, 1, 2, and
≥3 diseases) in all four previously conducted studies. This
study is the first which explores the relationship with PA
using chronic disease clusters. Investigating the relationship
between the number of chronic diseases and compliance with
the Dutch PA guideline in the present SMILE cohort study
revealed a statistically significant inverse relationship (𝑝 =
0.004). Although in the present study a cluster analysis was
performed because contentwise it fitted our primary aimbest,
other data reductionmethods and procedures are expected to
reveal comparable groups of patients [31, 32].

In conclusion, this study adds to our knowledge of the
relationship between multimorbidity and physical activity.
In addition to the inverse relationship of the number of
chronic diseases and PA, the present study showed that the
cluster of patients with cardiovascular disease, respiratory
disease, and/or diabetes type II reported the lowest physical
activity levels. Belonging to a specific cluster of diseases does
make a difference and it is important for general practi-
tioners and physiotherapists to help especially patients with
cardiovascular disease, respiratory disease, and/or diabetes to
initiate and maintain appropriate physical activity levels. It
seemsworthwhile to further explore the relationship between
multimorbidity clusters and outcomes like physical activity,
because it helps to deliver more targeted and effective care for
patients.

Appendices

A. Importance and Distribution of Each
Chronic Disease in the Clustering

Figure 3 shows a plot of the cluster centroids with each
disease being a cluster variable. These cluster centroids
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describes which of the fifteen self-reported chronic diseases belongs to each disease code (1–15)

(1) Chronic bronchitis, emphysema, and asthma
(2) Heart disease or myocardial infarction
(3) Severe bowel disease
(4) Liver disease or cirrhosis
(5) Severe kidney disease
(6) Diabetes mellitus
(7) Malignancy or cancer
(8) Epilepsy
(9) Migraine
(10) Stroke or stroke-related complaints 
(11) Inflammatory joint disease
(12) Rheumatoid arthritis
(13) Osteoarthritis of knees, hips, and hands 
(14) Severe back problems, hernia, sciatica, or osteoarthritis
(15) Persistent injury from an accident at home, in sports, school/work
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Figure 3: The proportion of patients as a function of chronic disease and cluster division.

Severe bowel disease (96.4%)
Severe kidney disease (85.4%)
Malignancy or cancer (81.8%)
Epilepsy (65.0%)
Migraine (71.5%)
Stroke or stroke-related complaints (87.1%)
Persistent injury from an accident (80.3%)

Severe bowel disease (96.4%)
Severe kidney disease (85.4%)
Malignancy or cancer (81.8%)
Epilepsy (65.0%)
Migraine (71.5%)
Stroke or stroke-related complaints (87.1%) 
Persistent injury from an accident (80.3%) 

Severe bowel disease (96.4%)
Severe kidney disease (85.4%)
Malignancy or cancer (81.8%)
Epilepsy (65.0%)
Migraine (71.5%)
Stroke or stroke-related complaints (87.1%)
Persistent injury from an accident (80.3%)

Severe bowel disease (96.4%)
Severe kidney disease (85.4%)
Malignancy or cancer (81.8%)
Epilepsy (65.0%)
Migraine (71.5%)
Stroke or stroke-related complaints (87.1%)
Persistent injury from an accident (80.3%)

Chronic bronchitis, emphysema, and asthma (90.0%)
Heart diseases or myocardial infarction (89.0%)
Liver disease or cirrhosis (81.2%)
Diabetes mellitus (87.4%)

Severe back problems, hernia, sciatica,
or osteoarthritis (83.2%)

Rheumatoid arthritis (92.0%)
Osteoarthritis of knees, hips, and hands (84.7%)
Inflammatory joint disease (92.1%)

Liver disease or cirrhosis (81.2%)

Severe back problems, hernia, sciatica,
or osteoarthritis (83.2%)

Rheumatoid arthritis (92.0%)
Osteoarthritis of knees, hips, and hands (84.7%) 
Inflammatory joint disease (92.1%)

Liver disease or cirrhosis (81.2%)

Severe back problems, hernia, sciatica, 
or osteoarthritis (83.2%)
Rheumatoid arthritis (92.0%)
Osteoarthritis of knees, hips, and hands (84.7%)
Inflammatory joint disease (92.1%)

Rheumatoid arthritis (92.0%)

Osteoarthritis of knees, hips, and hands (84.7%)

Inflammatory joint disease (92.1%)

Heart diseases or myocardial infarction (69.6%)

Heart diseases or myocardial infarction (77.6%)

Diabetes mellitus (83.9%)

Chronic bronchitis, emphysema, and

Heart diseases or myocardial infarction (69.6%)

Chronic bronchitis, emphysema, and

Diabetes mellitus (81.7%)

Chronic bronchitis, emphysema, and
asthma (74.5%)

Diabetes mellitus (81.7%)

Liver disease or cirrhosis (62.5%)
Severe back problems, hernia, sciatica,
or osteoarthritis (51.8%)

2-cluster solution 3-cluster solution 4-cluster solution 5-cluster solution

Cluster 1

Cluster 2

Cluster 3

Cluster 4

Cluster 5

Ward cluster solution

Cl
us

te
r n

um
be

r a
nd

 d
ise

as
es

 p
re

do
m

in
an

tly
 p

re
se

nt
 in

 ea
ch

 cl
us

te
r

asthma (82.9%)

asthma (74.5%)

Figure 4: Description of identified clusters according to Ward’s agglomerative hierarchical two-to-five-cluster solutions.
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show for each chronic disease (1–15) and for each cluster
(dotted and straight line) the proportion of patients (i.e.,
subjects who have the disease in question). To illustrate, the
proportion of subjects with chronic bronchitis, emphysema,
and asthma is higher in cluster two compared to cluster
one. Moreover, based on these proportions one may identify
which chronic diseases are most important in distinguishing
between the two clusters of subjects. Clusters one and two
differ predominantly with regard to the proportion of occur-
rence of chronic bronchitis, emphysema, and asthma (21.5%
versus 1.6%, resp.); heart diseases or myocardial infarction
(1.6% versus 19.8%, resp.); diabetes mellitus (1.4% versus
14.9%, resp.); inflammatory joint disease (1.2% versus 20.7%,
resp.); osteoarthritis of knees, hips, and hands (5.8% versus
49.1%, resp.); and severe back problems, hernia, sciatica, or
osteoarthritis (4.3% versus 31.9%, resp.).

B. Identified Clusters according to
the Two-to-Five-Cluster Solution

See Figure 4.
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Cognitive impairment and depression are commonmental health problems among the elderly, although few studies have examined
their cooccurrence in older adults in Latin America. The purpose of this study was to examine cognitive impairment, depression,
and cooccurrence of the two conditions and associated factors in a sample of older adults in Panama. This study included 304
community-dwelling elderly (≥65 years) individuals. Participants underwent a clinical interview and assessments of cognitive
function by the Minimental State Examination and depressive symptoms by the Geriatric Depression Scale. Limitations in basic
(BADL) and instrumental (IADL) activities in daily living and the presence of chronic illnesses were recorded. Multinomial
regression analysis revealed that cooccurrence of cognitive impairment and depressive symptoms was explained by increasing age
(OR: 3.2, 95% CI: 1.20, 8.30), low education (OR: 3.3, 95% CI: 1.33, 8.38), having four or more chronic conditions (OR: 11.5, 95% CI:
2.84, 46.63), and BADL limitations (OR: 5.0, 95% CI: 1.26, 19.68). Less education and limitations in BADL and IADL increased the
odds of cognitive impairment alone, while less education and three or more chronic conditions increased the odds of depression
alone. These findings underscore the relevance of assessing cognitive impairment in the elderly as part of a long-term approach to
managing depression and vice versa.

1. Introduction

Latin America and Caribbean (LAC) region is experiencing
one of the fastest rates of population aging [1]. Population-
based studies confirm that rates of common age-related
chronic illnesses such as dementia andmild cognitive impair-
ment (MCI) are similar to those of developed countries [2, 3],
and cross-sectional surveys from a multicenter cohort [4]
revealed high prevalence of depression (21.5–33.2%) across
six cities in the region [5]. These studies reveal concomitant
rates of modifiable risk factors for depression and cognitive
impairment such as diabetes, cardiovascular disease, and
illiteracy. Consequently, the burden of age-related disorders is

expected to be especially high in LAC countries in the coming
decades.

Older adults are disproportionately affected by several
chronic conditions. Among the elderly, chronic conditions
such as cognitive impairment and depression are interrelated
and often coexist [6–9], and at least one report confirms that
each condition alone contributes to the increase of an older
person’s risk for mortality [10]. Recent studies have shown
that subjects with MCI present more depressive symptoms
comparedwith thosewithout cognitive impairment [7, 11, 12].
Additionally, in a study of community-dwelling adults in
Spain aged 65 years and older, the coexistence of cognitive
impairment and depression was found to be associated with
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chronic illnesses and impairment in activities of daily living
[13]. In that study, the primary medical conditions associ-
ated with coexisting cognitive impairment and depression
included dementia, congestive heart failure, cerebrovascular
disease, and diabetes, most of which were distinct from those
associated with cognitive impairment alone or depression
alone [13]. In elderly subjects, the convergence of depressive
symptoms with other chronic conditions may represent a
barrier to diagnosis and subsequent treatment of depression
[14]. Taken together, these results suggest that, in the geriatric
population with cognitive decline, depression, or both con-
ditions coexisting, individuals should be screened for other
conditions such as chronic diseases [13, 15].

Studies have shown that depression is associated also with
functional limitations during aging, and this relationship is
influenced by physical limitations that arise as a product
of chronic illness comorbidity, namely, stroke, respiratory
problems, cancer, and diabetes [14, 16]. Besides depression
and comorbidities, functional disability can be significantly
influenced by cognitive impairment. An early study demon-
strated that cognitive status can be a predictor of functional
status independently of whether individuals present psychi-
atric disorders [17]. Since then, longitudinal studies have
shown that difficulties in the performance of activities of
daily living are greater in subjects with cognitive impairment,
and, further, cognitive decline is correlated with declines
in activities of daily living performance over time [18].
More studies are needed to establish the combined effects of
cognitive decline and depression on chronic conditions and
limitations in activities of daily living.

In the present study, we conducted the first examination
of depressive symptoms, cognitive impairment, or both
conditions coexisting and their association with functional
disability and multimorbidity in a sample of elderly indi-
viduals in Panama, an upper middle-income country in the
LAC region. Although Panama is advancing toward an aged
society [19], there is lack of research focused on age-related
chronic conditions [20]. Age-related health problems are
complicated by high rates of poverty, low education, and
lack of access to health care, which affect vulnerable popula-
tions such as the elderly disproportionately. Also, systematic
screening of cognitive function and depression is lacking in
primary and community-based health care for adults despite
evidence of its utility in predicting mortality [10]. Therefore,
research regarding potentially modifiable risk factors for cog-
nitive impairment and depressive symptoms in older adults
could be important for developing effective geriatric health
care public initiatives. Based on previous reports [7, 13], we
hypothesized that cognitive function and depressive symp-
toms would be associated independently and in combination
with functional disability and chronic illness comorbidity.

2. Methods

2.1. Participants. Data from this study came from the Panama
Aging Research Initiative (PARI) study, the first-ever study
of Panamanian aging. PARI participants were recruited from
the outpatient geriatric services of the largest public hospital
of the Social Security (CSS) located in Panama, the capital city

of Panama. Inclusion criteria included being 65 years or older,
willingness to participate in the baseline interview and three
follow-up visits over the course of 12–18 months, and pro-
vision of informed consent. Exclusion criteria included any
medical condition that required hospitalization and partici-
pation in an ongoing clinical study at the time of enrollment.

The present report constitutes an analysis of the data
collected during the baseline interview and 3-to-6-month
(M = 4.5 months, SD = 1.9) follow-up assessment of cog-
nitive function and depressive symptoms. At baseline, each
participant underwent a physical exam and clinical interview
and responded to items regarding demographic factors, med-
ical conditions, and functional status. Interviewers included
physicians, medical students, and graduate students. In total,
423 participants were enrolled and 326 community-dwelling
(noninstitutionalized) persons completed the baseline inter-
view and follow-up assessments of cognitive function and
depressive symptoms. Of these, 15 participants were excluded
because they were illiterate and seven were excluded due to
serious mental or physical disabilities. The present report
includes data from 304 participants.

An analysis comparing the 97 participants who did not
return to complete the follow-up assessment with those who
did revealed that a greater proportion of those who did not
return were older (80+ years of age, 58.9% versus 43.9%) and
more likely to have at least one BADL (71.6% versus 52.1%)
and at least one IADL (81.1% versus 68.0%) limitation than
those who returned.

2.2. Ethics Statement. The study protocol was approved by
the National Bioethics Committee of the Instituto Conmem-
orativo Gorgas de Estudios de la Salud and the Institutional
Bioethics Committee of the CSS. Each participant (or infor-
mant/caregiver) signed informed consent forms and patient
confidentiality was not breached in accordance with the
Declaration of Helsinki (1964).

2.3. Variables and Instruments. Participants underwent an
interview, physical exam, clinical interview, and nonfasting
blood draw. The 30-item Spanish version of the Minimental
State Examination (MMSE) was used as a measure of global
cognition [21].The reverse spelling of the word “world” in the
attention itemwas used instead of the backward serial sevens.
MMSE scores were adjusted for age and level of education
[22]. Two categorieswere definedusing theMMSE test scores:
cognitively impaired (<24) andunimpaired (≥24).Depressive
symptoms were assessed with the Spanish version of the
30-item Geriatric Depression Scale (GDS-30) [23, 24]. The
instrument was applied by the investigator reading the items
out loud and asking the participants to respond to each of
the items. A cut-off score of ≥11 on the GDS was used to
classify depressed individuals. Thus, in this report, the term
depression is used to describe those participants who scored
≥11 on the GDS.

Chronic conditions were recorded through self-report
and were assessed by answers to questions regarding physi-
cian diagnosis and current medications. Subjects were asked,
“Has a doctor or nurse ever told you that you had. . .?” The
following conditions were assessed: hypertension, coronary
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Table 1: Frequency of cognitive impairment, depressive symptoms, and the cooccurrence of both.

No depressive symptoms
(GDS < 11)

Depressive symptoms
(GDS ≥ 11) Total

Number (%)
95% CI

Number (%)
95% CI

Number
(%)

95% CI
No cognitive impairment
(MMSE ≥ 24)

150 (49.3)
43.8, 54.9

55 (18.1)
14.2, 22.8

205 (67.4)
62.0, 72.5

Cognitive impairment
(MMSE < 24)

65 (21.4)
17.1, 26.3

34 (11.2)
8.1, 15.2

99 (32.6)
27.6, 38.0

Total 215 (70.7)
65.4, 75.6

89 (29.3)
24.5, 34.6 304 (100%)

GDS: Geriatric Depression Scale (30-item); MMSE: Minimental State Examination.

heart disease, diabetes, stroke, cancer, chronic lung disease,
and arthritis.The number of chronic diseases was reported as
a categorical disease indicator of whether a participant had at
least one, two, three, or four or more conditions (the smallest
two categories were grouped due to small numbers). Partic-
ipants were asked also to report whether they smoked cur-
rently or had ever smoked, and responses were dichotomized
as “current/past smoker” versus “never smoked.”

Performance in activities of daily living was evaluated
through self-report. Subjects were asked to indicate whether
they had any difficulty performing the following seven BADL:
transferring, bathing, dressing, grooming, toileting, feeding,
and continence. Likewise, disability in seven IADL was eval-
uated: leaving the home independently in public or private
transportation, preparing a meal, using a telephone, grocery
shopping, performing basic house chores (housekeeping,
laundry), handling money, and taking medications. IADL
scores were corrected in cases where the individual had never
performed a task. A score of zero (0) was assigned when
the subject was able to perform the task without difficulty;
a score of one (1) was assigned when the subject was able to
perform the task with difficulty or was unable to perform the
task. Limitations in BADL and IADL were dichotomized into
“none” versus “at least one.”

2.4. Statistical Analysis. Analyses were performed using SPSS
21.0 statistical software. Descriptive statistics (frequency
and percentage) were computed for all variables across
groups and categorical differences were examined using chi
square analysis. We applied multinomial logistic regression
to identify factors associated with three outcomes, cognitive
impairment alone, depression alone, and coexisting cognitive
impairment and depression, using the absence of cognitive
impairment and depression as the reference category. Odds
ratios (OR) and 95% confidence intervals (95% CI) are pre-
sented in each case. Statistical significance was set at 𝑝 < .05.

3. Results

3.1. Demographics of the Sample. Table 1 summarizes the dis-
tribution of cognitive impairment, depression, and cooccur-
rence of the two in the study sample. According to theMMSE
performance, 21.4% (95% CI: 17.1, 26.3) of participants were

found to have cognitive impairment without depression
and 11.2% (95% CI: 8.1, 15.2) were classified as having both
cognitive impairment and depression. According to the GDS,
18.1% (95% CI: 14.2, 22.8) of participants were found to have
depression without cognitive impairment. Notably, almost
half (49.3%; 95% CI: 43.8, 54.9) of participants were classified
as having neither cognitive impairment nor depression.
Average MMSE score was 23.9 (SD = 5.6) and average GDS
score was 8.0 (SD = 5.7). MMSE and GDS scores were
significantly correlated (𝑟 = −0.13, 𝑝 = .024), indicating that
better cognitive function was associated with less depression
symptomatology.

In this study, we evaluated the demographic factors,
number of chronic conditions, and presence of functional
limitations as a function of cognitive status, depression, and
the cooccurrence of both conditions (Table 2). Participant
ages ranged from65 to 102 yearswith amean age of 78.2 (SD =
7.5). Approximately 66% of participants were female (𝑛 =
200) and approximately half the sample (52.6%) completed
primary education or less. Participants reported an average
of 1.9 (SD = 1.0) chronic illnesses. The oldest participants
(≥80 years) presented more cognitive impairment and cooc-
curring cognitive impairment and depression than younger
participants. Less educated participants also presented more
cognitive impairment, depression, and cooccurring cognitive
impairment and depression than participants whose school-
ing extended beyond primary school. Participants with four
chronic conditions or more presented more cooccurring
depression and cognitive impairment and depression alone
than those with fewer chronic conditions. With regard to
functional limitations, participants with at least one BADL
limitation or one IADL limitation were more likely to present
cognitive impairment alone or cooccurring cognitive impair-
ment and depression than those with no limitations.

3.2. Factors Associated with Cognitive Impairment, Depres-
sive Symptoms, and Both Conditions Coexisting. Multinomial
logistic regression analyses confirmed significant associa-
tions of age, education, number of chronic conditions, and
BADL limitations with cooccurring cognitive impairment
and depression (Table 3). The oldest participants (≥80 years)
were 3.2 times more likely (95% CI: 1.20, 8.30) to be classified
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Table 2: Comparisons of sociodemographic factors, multimorbidity, and limitations in BADL and IADL among participants with neither
cognitive impairment nor depression (𝑛 = 150), cognitive impairment only (𝑛 = 65), depression only (𝑛 = 55), and cooccurring cognitive
impairment and depression (𝑛 = 34).

Neither cognitive
impairment nor

depression
Cognitive impairment Depression

Cooccurring
cognitive impairment

and depression 𝜒
2 p

Number (%) Number (%) Number (%) Number (%)
Gender

Male 60 (57.7) 20 (19.2) 14 (13.5) 10 (9.6) 4.80 .187
Female 90 (45.0) 45 (22.5) 41 (20.5) 24 (12.0)

Age
65–79 years 98 (55.7) 31 (17.6) 38 (21.6) 9 (5.1) 22.78 <.001
80+ years 52 (40.6) 34 (26.6) 17 (13.3) 25 (19.5)

Marital status
Widowed/single/divorced 72 (47.1) 35 (22.9) 26 (17.0) 20 (13.1) 1.83 .608
Married/partnered 78 (51.7) 30 (19.9) 29 (19.2) 14 (9.3)

Education
≤6 years 60 (37.5) 45 (28.1) 32 (20.0) 23 (14.4) 20.54 <.001
>6 years 90 (62.5) 20 (13.9) 23 (16.0) 11 (7.6)

Smoking
Never smoked 102 (49.3) 47 (22.7) 36 (17.4) 22 (10.6) 0.88 .828
Current/past smoker 48 (49.5) 18 (18.6) 19 (19.6) 12 (12.4)

Chronic conditions
0-1 47 (61.0) 24 (31.2) 2 (2.6) 4 (5.2)

69.86 <.0012 60 (60.0) 21 (21.0) 12 (12.0) 7 (7.0)
3 31 (43.7) 15 (21.1) 16 (22.5) 9 (12.7)
4+ 12 (21.4) 5 (8.9) 25 (44.6) 14 (25.0)

BADL limitations
None 76 (75.2) 4 (4.0) 18 (17.8) 3 (3.0) 51.17 <.001
At least one 74 (36.5) 61 (30.0) 37 (18.2) 31 (15.3)

IADL limitations
None 70 (66.0) 6 (5.7) 26 (24.5) 4 (3.8) 39.72 <.001
At least one 80 (40.4) 59 (29.8) 29 (14.6) 30 (15.2)

BADL: basic activities of daily living; IADL: instrumental activities of daily living.

as cognitively impaired and depressed as younger partici-
pants. Likewise, those with less schooling (≤6 years) were
3.3 times more likely (95% CI: 1.33, 8.38) to be cognitively
impaired and depressed compared to those whose schooling
extended beyond primary school. In addition, having four or
more chronic illnesses (OR: 11.5, 95% CI: 2.84, 46.63) and at
least one BADL limitation (OR: 5.0, 95% CI: 1.26, 19.68) was
associated with greater likelihood of cooccurring cognitive
impairment and depression. After fitting the multinomial
logistic regression, lower education levels remained signifi-
cantly associated with cognitive impairment alone (OR: 2.8,
95% CI: 1.39, 5.72) and depression alone (OR: 2.4, 95% CI:
1.13, 4.98), but age was not associated with either condition
alone. Lastly, functional limitations in at least one BADL
or IADL remained significantly associated with cognitive
impairment (𝑝s < .02) but only marginally significant for
depression alone. Suffering three or more chronic conditions
was significantly associated with depression (𝑝s < .003), but

multimorbidity was not associated with cognitive impair-
ment alone. Gender, marital status, and smoking status were
not significantly associated with any condition.

4. Discussion

In the present study, we assessed cognitive impairment,
depression, and cooccurrence of the two conditions and
related factors in subjects aged 65 and older. Significant
associations were observed between education and BADL
and IADL limitations and cognitive impairment alone, while
educational level and multimorbidity were associated with
depression alone.The factors specifically related to coexisting
cognitive impairment and depression were low education,
having four or more chronic illnesses, and having at least one
limitation in BADL.These results are consistentwith previous
studies that show that poor cognitive function and depressive
symptoms cooccur among the community-dwelling elderly
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Table 3: Multinomial logistic regression model predicting the effect of functional limitations and multimorbidity on cognitive impairment,
depression, and both of them coexisting, adjusting for sociodemographic factors and smoking history.

Characteristic Cognitive impairment (𝑛 = 65) Depression (𝑛 = 55) Cognitive impairment and depression (𝑛 = 34)
OR (95% CI) p OR (95% CI) p OR (95% CI) p

Gender
Female 1.0 (.43, 2.48) .941 1.9 (.74, 4.82) .184 1.4 (.46, 4.56) .533
Male — — —

Age
80+ years 1.1 (.52, 2.13) .879 .9 (.40, 2.04) .804 3.2 (1.20, 8.30) .020
65–79 years — — —

Marital status
Widowed/single/divorced 1.4 (.66, 2.97) .381 1.1 (.50, 2.49) .782 1.9 (.69, 5.15) .214
Married/partnered — — —

Education
≤6 years 2.8 (1.39, 5.72) .004 2.4 (1.13, 4.98) .022 3.3 (1.33, 8.38) .010
>6 years — — —

Smoking
Current/past smoker .7 (.30, 1.55) .354 1.1 (.47, 2.43) .877 1.0 (.38, 2.80) .962
Never smoked — — —

Chronic conditions
0-1 — — —
2 .6 (.26, 1.42) .252 4.5 (.93, 21.43) .062 1.0 (.26, 4.17) .950
3 .6 (.25, 1.55) .307 11.8 (2.43, 56.81) .002 2.3 (.59, 8.77) .235
4+ .6 (.17, 2.04) .396 53.2 (10.54, 268.19) <.001 11.5 (2.84, 46.63) .001

BADL limitations
At least one 9.6 (3.07, 29.74) <.001 2.3 (.95, 5.42) .064 5.0 (1.26, 19.68) .022
None — — —

IADL limitations
At least one 3.4 (1.25, 9.53) .017 .4 (.17, 1.05) .063 1.4 (.39, 5.26) .593
None — — —

and are associated with chronic illnesses and impairment
in activities of daily living [6, 7, 13]. Although we did not
examine the association between cognitive impairment and
depression and individual chronic illnesses, we showed that
suffering three or more chronic illnesses was associated
with the greatest likelihood of depression alone whereas
suffering four or more chronic illnesses was associated with
coexisting cognitive impairment and depression. In contrast,
no significant association was found between chronic ill-
nesses and cognitive impairment alone. Depression in the
elderly has been shown to be associated with nonpsychiatric
hospitalization, longer length of hospital stay, and higher
mortality [25–27]. Importantly, the combined impact of cog-
nitive impairment and depression has been shown to increase
the risk for mortality relative to either condition alone [10].

Our results also confirm that depressive symptomatol-
ogy is correlated with cognitive impairment. In a study
in Japanese individuals aged 65 years and older, cognitive
impairment was more prevalent in individuals with depres-
sion, and, conversely, individuals with mild cognitive impair-
ment were more likely to develop depression [7]. Likewise, in
a population-based study of elderly individuals aged 60 years

and older in Mexico examining cognitive impairment and
depression, assessed with the MMSE and GDS, respectively,
cognitive impairment was associated with depression as well
as with being older than 75 years, being unmarried, and hav-
ing less education [6]. In the same study, depressionwas asso-
ciated with the same factors as cognitive impairment in addi-
tion to being female, but the study did not examine the factors
associated with the combination of cognitive impairment and
depression. Although most studies in Latin America have
found that women are marginally more at risk for cognitive
impairment and depression, we did not find associations
between cognitive impairment or depression and gender.
However, low educational achievement, which is often linked
to poverty or lower socioeconomic status, showed a strong
association with cognitive impairment, depression, and the
cooccurrence of both conditions.These results are consistent
with reports of associations between low levels of education
with poorer mental health and increased risk of disease
comorbidity [28] and suggest that individuals in Panama
whose studies extend beyond primary school are more likely
to age in better health. This finding is particularly relevant in
Panama where the average educational level is 9.2 years [29].
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Numerous studies have confirmed an association
between increasing depression and disability [7, 13, 30, 31].
Disability in the elderly, characterized by the loss of ability to
perform activities of daily living, is associated with significant
burdens, including increased risk of hospitalization, insti-
tutionalization, and mortality [32, 33]. Moreover, different
chronic conditions such as diabetes, mild cognitive impair-
ment, dementia, and cerebrovascular events, such as stroke,
affect the elderly disproportionately relative to the other
conditions [13, 34]. Population-based studies in seven Latin
American cities indicate that the proportion of community-
dwelling adults aged 60 years and older reporting any BADL
or IADL disability is approximately 19%, and 44% had more
than one chronic condition [30], a finding which underscores
the burden of disease and disability in the region.

An important limitation of the present study is the
nature of the sample (outpatient-based) and the selection
bias that resulted from the loss of older and more impaired
subjects, and thus our results most likely underestimate
the extent of cognitive impairment and depression in the
elderly population of Panama. Another limitation is that self-
reported disability and chronic illnesses may be affected by
sociocultural factors, and so comparisons of our results with
those of other LAC countries should be made with caution.
Although evidence suggests that self-report provides accurate
estimates of disability and disease comorbidity [35] and pre-
dictsmortality and other clinical healthmeasures [36], recent
evidence suggests that individuals of lower socioeconomic
status show less reliable self-assessments of health [37]. Lastly,
our data were obtained over a short time span and do not
address the relationship between multimorbidity and pro-
gression of cognitive decline and depressive symptoms. Each
of these limitations is being addressed in ongoing studies.
Study strengths include providing the first report of cognitive
impairment and depression in the elderly in Panama, as well
as the use of detailed clinical interviews to record the presence
of chronic illnesses and other patient information and the use
of multiple items for assessing BADL and IADL.

5. Conclusions

Previous studies have shown that in late life coexisting
depression and cognitive impairment may contribute to an
elderly person’s vulnerability. To our knowledge, ours is the
first report from Panama of coexisting cognitive impairment
and depressive symptomatology in community-dwelling
adults of any age. Our results add to the existing knowledge
regarding the presence of cognitive impairment and geriatric
depression and their associated clinical factors, namely,
multimorbidity and limitations in activities of daily living.
Importantly, cooccurrence of cognitive impairment and
depression complicates treatment in the elderly, and thus
assessments of cognitive impairment in this population
should be part of a long-term approach to managing depres-
sion and vice versa.The current study supports the hypothesis
that multimorbidity particularly affects elderly individuals
with depression alone and with coexisting depression and
cognitive impairment and sets the stage for additional studies
examining the long-term outcomes in follow-up studies.
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Islas, “Prevalence of dementia, emotional state and physical
performance among older adults in the metropolitan area of



BioMed Research International 7

Guadalajara, Jalisco, Mexico,” Current Gerontology and Geri-
atrics Research, vol. 2014, Article ID 387528, 8 pages, 2014.

[9] J. G. Kosteniuk, D. G. Morgan, M. E. O’Connell et al., “Preva-
lence and covariates of elevated depressive symptoms in rural
memory clinic patients with mild cognitive impairment or
dementia,” Dementia and Geriatric Cognitive Disorders Extra,
vol. 4, no. 2, pp. 209–220, 2014.

[10] K. M. Mehta, K. Yaffe, K. M. Langa, L. Sands, M. A. Whooley,
and K. E. Covinsky, “Additive effects of cognitive function and
depressive symptoms on mortality in elderly community-living
adults,” Journals of Gerontology—Series A: Biological Sciences
and Medical Sciences, vol. 58, no. 5, pp. M461–M467, 2003.

[11] F. Panza, V. Frisardi, C. Capurso et al., “Late-life depression,
mild cognitive impairment, and dementia: possible contin-
uum?”The American Journal of Geriatric Psychiatry, vol. 18, no.
2, pp. 98–116, 2010.

[12] D. C. Steffens, E. Otey, G. S. Alexopoulos et al., “Perspectives on
depression, mild cognitive impairment, and cognitive decline,”
Archives of General Psychiatry, vol. 63, no. 2, pp. 130–138, 2006.

[13] J. C. Millán-Calenti, A. Maseda, S. Rochette, G. A. Vázquez, A.
Sánchez, and T. Lorenzo, “Mental and psychological conditions,
medical comorbidity and functional limitation: differential
associations in older adults with cognitive impairment, depres-
sive symptoms and co-existence of both,” International Journal
of Geriatric Psychiatry, vol. 26, no. 10, pp. 1071–1079, 2011.

[14] M. Charlson and J. C. Peterson, “Medical comorbidity and late
life depression: what is known and what are the unmet needs?”
Biological Psychiatry, vol. 52, no. 3, pp. 226–235, 2002.

[15] B. Park, J. Park, and J. K. Jun, “Cognitive impairment, depres-
sion, comorbidity of the two and associated factors among the
early sixties in a rural Korean community,” PLoS ONE, vol. 8,
no. 11, Article ID e79460, 2013.

[16] L. H. Kurlowicz, “Perceived self-efficacy, functional ability, and
depressive symptoms in older elective surgery patients,”Nursing
Research, vol. 47, no. 4, pp. 219–226, 1998.

[17] S. Spear Bassett and M. F. Folstein, “Cognitive impairment and
functional disability in the absence of psychiatric diagnosis,”
Psychological Medicine, vol. 21, no. 1, pp. 77–84, 1991.

[18] S. Artero, J. Touchon, and K. Ritchie, “Disability and mild
cognitive impairment: a longitudinal population-based study,”
International Journal of Geriatric Psychiatry, vol. 16, no. 11, pp.
1092–1097, 2001.

[19] September 2015, http://data.worldbank.org/country/panama.
[20] S. M. Barreto, J. J. Miranda, J. P. Figueroa et al., “Epidemiology

in Latin America and the Caribbean: current situation and
challenges,” International Journal of Epidemiology, vol. 41, no.
2, pp. 557–571, 2012.

[21] M. F. Folstein, S. E. Folstein, and P. R. McHugh, “‘Mini-mental
state’. A practical method for grading the cognitive state of
patients for the clinician,” Journal of Psychiatric Research, vol.
12, no. 3, pp. 189–198, 1975.

[22] R. Blesa, M. Pujol, M. Aguilar et al., “Clinical validity of
the ‘mini-mental state’ for Spanish speaking communities,”
Neuropsychologia, vol. 39, no. 11, pp. 1150–1157, 2001.

[23] J. A. Yesavage, T. L. Brink, T. L. Rose et al., “Development
and validation of a geriatric depression screening scale: a
preliminary report,” Journal of Psychiatric Research, vol. 17, no.
1, pp. 37–49, 1982.

[24] I. Izal MyM, “Adaptation of the geriatric depression scale: a
preliminary study,” Clinical Gerontologist, vol. 13, no. 2, pp. 83–
91, 1993.

[25] G. S. Alexopoulos, C. Vrontou, T. Kakuma et al., “Disability in
geriatric depression,” The American Journal of Psychiatry, vol.
153, pp. 877–885, 1996.

[26] M. L. Bruce, T. E. Seeman, S. S. Merrill, and D. G. Blazer, “The
impact of depressive symptomatology on physical disability:
macArthur studies of successful aging,” American Journal of
Public Health, vol. 84, no. 11, pp. 1796–1799, 1994.

[27] G. S. Zubenko, B. H. Mulsant, R. A. Sweet, R. E. Pasternak,
and X. M. Tu, “Mortality of elderly patients with psychiatric
disorders,” American Journal of Psychiatry, vol. 154, no. 10, pp.
1360–1368, 1997.

[28] V. Patel and A. Kleinman, “Poverty and common mental
disorders in developing countries,” Bulletin of the World Health
Organization, vol. 81, no. 8, pp. 609–615, 2003.
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Objective. To translate the EuropeanGeneral Practice ResearchNetworkmultimorbidity definition according to Portuguese cultural
and linguistic features. Methods. Similar to the process completed in several other European countries, a forward and backward
translation of the English multimorbidity definition using the Delphi technique was performed in Portugal. Results. Twenty-three
general practitioners (GPs)—14 males and 9 females—agreed to form the Portuguese expert panel for the Delphi process (59%
acceptance rate). The Portuguese definition of multimorbidity was achieved after two Delphi rounds with a mean (SD) consensus
score for final round of 8.43/9 (0.73). Conclusion. With this paper the definition of multimorbidity is now available in a new
language—Portuguese. Its availability in the local language will raise Portuguese GPs’ awareness about multimorbidity and allow
future national and international research. The operationalization of the definition will allow an easier identification of patients
with multimorbidity.

1. Introduction

Clinicians working in the primary health care context,
namely, family physicians and general practitioners (GPs),
deal with the broad spectrum of conditions affecting each
individual seeking a medical consultation. In this setting,
most of the time it is not possible to pinpoint an index disease,
nor is it useful for the patient’s care [1]. Therein lies the
main difference between comorbidity and multimorbidity;
the former always involves the presence of an index disease
[2]. Thus, the majority of GP visits comprise individuals
with multimorbidity [3]. The most frequent measure of
multimorbidity is the presence of 2 or more chronic diseases
in the same person [4]. Although this is a useful operational
definition, the construct of multimorbidity is still difficult
to define in clinical terms [5]. Recently, after a systematic
literature review, the European General Practice Research
Network published a comprehensive definition which states
that “multimorbidity is defined as any combination of chronic
disease with at least one other disease (acute or chronic)

or biopsychosocial factor (associated or not) or somatic
risk factor. Any biopsychosocial factor, any somatic risk
factor, the social network, the burden of diseases, the health
care consumption, and the patient’s coping strategies may
function as modifiers (of the effects of multimorbidity).
Multimorbidity may modify the health outcomes and lead to
an increased disability or a decreased quality of life or frailty”
[6]. This definition aims to be especially useful in long term
care and in family medicine settings [6] and at the same time
to be valid for future collaborative research [7]. For this last
purpose, it has been translated into ten European languages
[7]. The Portuguese language was not one of them.

In Portugal, the 40-year history of family medicine led
to the recognition of its importance in the country’s health
care delivery [8]. Multimorbidity is present in around 70%
of the adult patients attending primary care in Portugal [9],
and this high prevalence will produce significant difficulties
in the provision of medical care. Using a definition of multi-
morbidity in the country’s own language will standardize the
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Table 1: Characteristics of the expert panel.

Portuguese translation (𝑛 = 23) Global average of previous
translations [7] (𝑛 = 229) 𝑃 value

Males, % 60.87 50.69 0.51∗

Mean (SD) age, years 45.78 (12.82) 48.26 0.36†

Mean (SD) years of practice 18.09 (13.28) 18.82 0.79†

Mean (SD) number of English publications 6.13 (7.12) 5.91 0.88†

Mean (SD) number of other publications 15.09 (15.24) 20.45 0.11†
∗Fisher’s exact test.
†Student’s 𝑡-test.

identification of multimorbid patients while simultaneously
enabling future collaborative projects as well as addressing
more effectively this overwhelming medical problem.

It is expected that this definition will have a broad suit-
ability to other Portuguese language settings and countries.
The British Council’s report “Languages for the Future” [10]
identifies Portuguese as one of the ten languages most vital to
UK over the next 20 years. With approximately 203 million
speakers, Portuguese is the sixthmost spoken language in the
world [10], the third most spoken language in the Western
Hemisphere, and the first most spoken language in the
Southern Hemisphere [11].

In this study, the authors aimed to translate the English
multimorbidity definition according to Portuguese cultural
and linguistic features using a forward-backward translation
by a Delphi technique.

2. Materials and Methods

Similar to the process completed in Bosnia, Bulgaria, Croatia,
France, Germany, Greece, Italy, Poland, and Spain [7], a
forward and backward translation of the English multi-
morbidity definition [6] using the Delphi technique was
performed in Portugal. This technique is easily adapted to
reach a consensus in a variety of issues [12], includingmedical
research [13].

The first phase involved translating the definition from
English to Portuguese (forward translation). This was done
by a team of one official translator and one physician; both
were native Portuguese speakers.

In the next phase the Delphi process was implemented.
Aiming at a sample size between 10 to 30 national expert GPs
as recommended by the European General Practice Research
Network [7], 39 possible participants were individually con-
tacted by email to receive the original Englishmultimorbidity
definition and its translation into Portuguese. GPs were
selected on the basis of having a Portuguese nationality,
being fluent in English (understanding/speaking/writing),
being involved in clinical practice, in research, and/or in
teaching activities, and having the willingness to dedicate
the time to this method of discussion. The expert panel was
requested to rate their level of agreement with the Portuguese
translation on a Likert-type scale ranging from 1 = “absolutely
no agreement” to 9 = “full agreement.” If a rating less than
7 was given it was mandatory to justify the reasons for that

evaluation. Consensus was defined as at least 70% of the GPs
rating 7 or above the Portuguese definition. If a consensuswas
not reached in the first round, the expert panel’s remarks were
compiled into a unified translation, and a subsequent round
of assessment was followed in the same way as for the first
one. This process was repeated until a consensual translation
was found. The participating GPs’ characteristics (gender,
age, years of practice, number of English publications, and
number of other publications) were collected by a self-
administered questionnaire conducted through email.

When a consensual Portuguese translation was reached it
was submitted to a Portuguese linguist from the University of
Coimbra (Portugal) for validation.

The final phase involved translating the consensual def-
inition in Portuguese to English (backward blind transla-
tion). This was done by a team of one official translator
(native English speaker) and one physician. They had no
previous knowledge of the original definition. Subsequently,
the authors of the study compared the back-translated version
with its original version for linguistic congruence and cultural
relevancy.

As no patient was involved in the study, no formal ethics
approval was necessary. Consent was inferred by participants’
completion of the survey.

A descriptive analysis was performed and both Fisher’s
exact test and Student’s 𝑡-test were used to compare the
current study’s expert panel with the panel of the previous
translations. 𝑃 values <0.05 were considered statistically
significant.

3. Results

Twenty-three GPs (14 males and 9 females) agreed to form
the Portuguese expert panel for the Delphi process (59%
acceptance rate). All members of the expert panel satisfied
the inclusion criteria. The profile of the Portuguese GPs did
not differ significantly from that of the previous translations
[7] (Table 1).

The Portuguese definition of multimorbidity was
achieved after two Delphi rounds with a mean (SD) con-
sensus score for final round of 8.43 (0.73). Only one expert
rated the forward translation below 7 (95.7% approval rate).
The expert panel produced 43 comments in total. The terms
which originated remarks were “burden of disease” and
“health outcomes.” Minor grammatical annotations were
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Table 2: Portuguese final translation and the backward translation.

Portuguese final version Portuguese final version translated into English
A multimorbilidade é definida como qualquer
combinação de uma doença crónica com pelo menos
uma outra doença (aguda ou crónica), ou com um fator
biopsicossocial (associado ou não), ou com um fator de
risco somático.

Multimorbidity is defined as any combination of
chronic disease with at least one other disease (acute or
chronic) or biopsychosocial factor (associated or not)
or somatic risk factor.

Qualquer fator biopsicossocial, qualquer fator de risco
somático, a rede social, a carga das doenças, o consumo
de cuidados de saúde e as estratégias de adaptação do
doente podem funcionar como modificadores (dos
efeitos da multimorbilidade).

Any biopsychosocial factor, any somatic risk factor, the
social network, the burden of diseases, the health care
consumption, and the patient’s coping strategies may
function as modifiers (of the effects of multimorbidity).

A multimorbilidade pode modificar os resultados em
saúde e levar a um aumento da incapacidade, à
diminuição da qualidade de vida ou à fragilidade.

Multimorbidity may modify the health outcomes and
lead to an increased disability or a decreased quality of
life or frailty.

frequently suggested, recorded, and incorporated into the
definition.

Table 2 shows the final consensual Portuguese definition
of multimorbidity and the backward translation as accepted
by the authors of this study. No changes were found in
comparison with the original English definition.

4. Discussion

With the current study the translation of the English multi-
morbidity definition into Portuguese was achieved.

No universal guidelines exist on how to apply the Delphi
technique [14]. Some authors have even stated that the
advantages and disadvantages of this method are equally
weighted [12]. Nonetheless, with methodological precision
and research rigour the Delphi technique can be properly
and efficiently used [14]. In the current study, the successful
methodology employed in previous translationswas adopted.

The Portuguese translation was the end result of the
reviews of an expert panel of practicing GPs that verified
that the terms expressed in the definition complied with the
ones in use in Portugal. The Portuguese panel had similar
characteristics to the average of the panels of the previous
translations [7]. This ratifies the thorough selection process
used to choose the GP experts in this study. The challenged
terms were the same as in the other countries’ translations;
this may be explained by the fact that those expressions are
less commonly used on a daily basis. In the second round
this was overcome and the backward translation did not
reveal any changes in comparison with the original English
definition.

5. Conclusion

With this paper the definition of multimorbidity is now
available in a new language—Portuguese. Its availability in
the local language will raise Portuguese GPs’ awareness about
multimorbidity and allow future national and international
research. The operationalization of the definition will allow
an easier identification of patients with multimorbidity.
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