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Background: Physical frailty, cognitive impairment, and symptoms of anxiety and depression frequently co-occur in later life,
but, to date, each has been assessed separately. The present study assessed their patterns in primary care pa-
tients aged 260 years.

Material/Methods: This cross-sectional study evaluated 263 primary care patients aged >60 years in eastern Croatia in 2018.
Physical frailty, cognitive impairment, anxiety and depression, were assessed using the Fried phenotypic mod-
el, the Mini-Mental State Examination (MMSE), the Geriatric Anxiety Scale (GAS), and the Geriatric Depression
Scale (GDS), respectively. Patterns were identified by latent class analysis (LCA), Subjects were assorted by age,
level of education, and domains of psychological and cognitive tests to determine clusters.

Results: Subjects were assorted into four clusters: one cluster of relatively healthy individuals (61.22%), and three path-
ological clusters, consisting of subjects with mild cognitive impairment (23.95%), cognitive frailty (7.98%), and
physical frailty (6.85%). A multivariate, multinomial logistic regression model found that the main determinants
of the pathological clusters were increasing age and lower mnestic functions. Lower performance on mnestic
tasks was found to significantly determine inclusion in the three pathological clusters. The non-mnestic func-
tion, attention, was specifically associated with cognitive impairment, whereas psychological symptoms of anx-
iety and dysphoria were associated with physical frailty.

Conclusions: Clustering of physical and cognitive performances, based on combinations of their grades of severity, may be
superior to modelling of their respective entities, including the continuity and non-linearity of age-related ac-
cumulation of pathologic conditions.

MeSH Keywords: Cluster Analysis ¢ Frail Elderly e Mild Cognitive Impairment ¢ Primary Health Care

Full-text PDF: https://www.medscimonit.com/abstract/index/idArt/924281

%4547 E‘ZIS MEIZ %60

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
e924281-1 [ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]




CLINICAL RESEARCH

Background

Increased average life expectancy in many countries through-
out the world has contributed to aging of the population, along
with an increased burden of chronic diseases [1]. Chronic dis-
eases, particularly in older people, rarely appear as single dis-
eases, but rather as two or more coexisting diseases, a con-
dition termed multimorbidity [2]. Current healthcare systems,
however, focus on individual diseases or organ systems. Care
for patients with multimorbidity is often insufficient, or even
harmful, accounting for potentially conflicting recommenda-
tions resulting from the management of several individual
conditions [3]. Attempts to implement more integrated care
programmes for managing patients with multimorbidity have
been compromised by a lack of knowledge on how to pro-
vide person-centred care to many of these patients [4]. There
is a broad expert consensus on the need for new approaches
better able to address the complexity of multimorbidity [5].

Current measures of multimorbidity, necessary for epidemi-
ologic investigations, are based on enumerating chronic dis-
eases, on estimating observed to expected ratios of the most
common dyads or triads of chronic diseases, and on using
weighted scores of single chronic conditions [6]. These mea-
sures are not able to capture some of the essential charac-
teristics of multimorbidity, including clustering (associations
that are not random), overlapping (sharing between individu-
als and patient groups), and associations with functional im-
pairments [7]. More systematic approaches are needed to solve
this challenging issue [8].

Clustering techniques based on machine learning applications,
have recently emerged as promising new approaches in research
on multimorbidity [9,10]. These methods group diseases or pa-
tients according to the likelihood of distributions, rather than
according to disease labels, and are more reliable pathophys-
iologically, as the relevant patterns are detected without pri-
or assumptions on classification criteria.

The dynamic interplay among chronic diseases and function-
al impairments, which are modulated by genetic, behavioural
and environmental factors, as well as treatments, is thought
to drive the progression of age-related declines in physical
and cognitive performances [11]. Decline in physical perfor-
mance is best defined by the concept of physical frailty, which
is thought to represent the accumulation of deficits in multiple
organs and physiologic systems, increasing the vulnerability of
older people to stressors [12]. The application of this concept
can be expressed by Fried’s five-item score, which includes the
components fatigue, decreased muscle strength, low walking
speed, reduced activities, and weight loss [13]. The reliability
and predictive validity of this measure has been confirmed for
several health-related outcomes, including falls, hospitalisation,
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dependence on others, and mortality. The continuum of cog-
nitive decline ranges from normal cognition to dementia and
includes mild cognitive impairment (MCI), which can be objec-
tivelly measured by available instruments and can predict fur-
ther progression of cognitive decline, or incident dementia [14].

Physical and cognitive impairments often coexist and inter-
act mutually in later life, with each potentiating the effect of
the other on the development of negative health-related out-
comes [15]. Longitudinal epidemiologic studies have yielded
many conflicting results on the associations of these disorders
and their outcomes. These conflicting results are due in part to
these disorders being assessed separatelly, and as individual
entities, without knowledge on their appearance in individual
persons and their potential associations [15,16]. A new con-
cept, cognitive frailty (CF), defined as the coexistence of frailty
and MCI, has emerged to facilitate research on this issue [16].

Physical conditions in later life, especially in individuals with
multimorbidity, have been closely associated with mental con-
ditions, especially anxiety and depression, with these physi-
cal and mental conditions acting sinergistically to increase
the probability of negative health-related outcomes [2,17,18].
Anxiety and depression in older people manifest as a variety of
symptoms, including anxious feelings, dysphoria, apathy, worry,
trouble sleeping, irritability, and fatigue [19-21]. These symp-
toms of anxiety and depression may overlap with each other,
as well as with cognitive and physical conditions, making men-
tal conditions more difficult to recognize in older persons, es-
pecially in primary care (PC) situations, in which patients pres-
ent with different symptoms and morbidities. Consensus has
been reached on the need for the systematic assessment of
anxiety and depression in older PC patients, especially those
with multiple chronic conditions [22].

The biological and clinical basis of frailty is not yet fully under-
stood [23]. The addition of cognitive and psychological dimen-
sions to the physical dimension of frailty has been shown in-
sufficient to explain the full range of frailty. Knowledge of the
patterns of physical frailty, cognitive impairment, and anxiety
and depression in older people may help better understand the
multidimensional nature of frailty, improving patient-centred
prediction and prevention of negative health-related outcomes.

Material and Methods

Study design and participants

This cross-sectional study was conducted from March to
September 2018 in an academic General Practice (GP) facil-
ity in Osijek, a town of 70,000 inhabitants and the adminis-
trative centre of eastern Croatia. All patients aged >60 years
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who visited their doctor for any reason or who were invited
to visit their doctor were enrolled in this study, if they pro-
vided written informed consent, until the necessary sample
size was reached. Individuals with acute conditions or exac-
erbations of chronic conditions were excluded, as were those
receiving chemotherapy or biological treatments, those with
home care services, and those diagnosed with psychosis or
dementia. Of the 470 patients from this age group registered
on the GP’s list, 263 were included in this analysis.

Physical frailty, cognitive impairment, and mental disorders,
including anxiety and depression were assessed in all partic-
ipants using standard screening tools.

Residents of eastern Croatia have a higher burden of chronic
diseases than residents of other areas in Croatia. This higher
burden is likely due to poor economic conditions, high emigra-
tion rates, and aging of the population in the past few decades.
The living conditions of older people residing in the town of
Osijek are similar to those of older people elsewhere in east-
ern Croatia, with these individuals generally being of a lower
socioeconomic status, but above the poverty line.

Ethical statement

The study complied with the World Medical Association
Declaration of Helsinki 2013. It was approved by the Ethics
Committee of the Faculty of Medicine of the Josip Juraj
Strossmayer University of Osijek (No. 641-01/18-01/01).

Calculation of sample size

A statistical power analysis before the start of participant en-
rolment was performed using G*Power 3.1 (2007) and was
based on two criteria: 1) the tau correlation coefficients be-
tween the tests used to assess participants’ cognitive and psy-
chological conditions [24], and 2) the sample size required for
latent class analysis (LCA) [25]. In both cases, there were no
formal approaches, and several rules of thumb are proposed.
Based on these proposed rules, a sample size of 250 partic-
ipants was regarded as large enough to show statistical sig-
nificance for less complex models, such as those utilized in
this study [26,27].

Screening for physical frailty, cognitive impairment, and
mental disorders (anxiety and depression)

Physical fraility was screened using Fried’s phenotype model,
which relies on five measurable criteria: weight loss, slow walk-
ing speed, weak grip strength, subjective feeling of exhaus-
tion, and reduced activity [13]. Subjects were classified by the
number of positive criteria, with those meeting >3, 1-2, and
0 criteria considered frail, pre-frail, and robust, respectively.
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Cognitive function was assessed using the Mini-Mental State
Examination (MMSE), a cognitive test that has been broadly
validated, including in the Croatian population [28]. This test
is more sensitive for diagnosing severe cognitive impairment
than for distinguishing between cognitively healthy individu-
als and those with MCl, and cannot distinguish between differ-
ent types of dementia. During the examination, a health pro-
fessional asks patients a range of simple questions, or tasks,
designed to test everyday mental skills. The maximum score
is 30, divided among several domains, which indicate memo-
ry-related and non-memory-related (executive) functions, in-
cluding: orientation in space and time (10 points), registra-
tion (3 points), attention and calculation (5 points), recall (3
points), and language and praxis (9 points) [29]. MMSE cut-
offs were adjusted according to the levels of education of the
participants, using the MMSE cut-off values for the Croatian
population. This cut-off was found to be 24/25 when screen-
ing older people in general, and 26/27 when screening high-
ly educated older people, defined as those with >14 years of
education [28].

Anxiety was screened using the Geriatric Anxiety Scale (GAS),
originally a 25-item test, and depression was screened us-
ing the Geriatric Depression Scale (GDS), originally a 30-item
test [30,31]. These tests were designed to detect anxiety and
depression specifically among elderly persons, since they are
better than other, similar tests in distinguishing between mental
symptoms, and symptoms of cognitive and physical conditions.

Because these tests had not been validated in the Croatian
population, their English language versions were translated
into Croatian and back-translated into English. Their internal
factor structure was assessed by confirmatory factor analy-
sis (CFA) and several model fit indices. The CFA was conduct-
ed using Mplus 8.1, a statistical modelling software program.

The uni-dimensional 10-item model was found to be the best
fitted model for the GAS test, whereas the two-factor 10-item
model was the best fitted model for the GDS test, with the two
factors for the latter being “dysphoria”, and (absence of) “pos-
itive mood*“. The Croatian versions of the GAS and GDS mod-
els were in accordance with the validated versions for other
European countries, and provided good fit for the data, with
Cronbach’s alpha being 0.82 for the GAS test, and 0.81 and
0.80 for the two domains of the GDS test, respectively [32].
Moreover, the repeated CFA procedure, performed on a com-
parative sample of 181 subjects with similar characteristics,
confirmed the stability of the obtained factorial structure.

Statistical analyses

The LCA method was used to determine the optimal number
of subgroups, or latent classes, that statistically and clinically
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Table 1. Summary of the LCA model fit results.

Model AIC SSAdj. BIC Entropy LMR Class (n, %)

1 class 2117.83 2119.44 1) 100%
1) 82.38%

*
2 classes 2018.67 2021.48 0.875 99.23 p>0.05 2) 17.62%
1) 21.13%
3 classes 2003.64 2007.66 0.812 19.84 p>0.05 2) 65.74%
3) 13.13%
1) 61.22%
2) 23.95%
* %
4 classes 1971.55 1976.77 0.868 32.40 p<0.05 3) 7.98%
4) 6.85%

AIC — Akaike; SSAjd BIC — Sample-Size Adjusted; LMR — Lo-Mendell-Rubin test — model fit indices. * p<0.05 compared with the previous
model (with 1 latent class less); ** bolded model with 4 classes shows, in general, the best fit for the data.

significantly described the heterogeneity of participants in the
sample, with respect to the measured variables [25]. Inclusion in
a cluster was based on similar scoring patterns of participants,
including their responses on the MMSE test, the new versions
of the GAS and GDS tests, and Fried’s phenotype frailty score.
A sequence of LCA models was fitted to the data. Because no
single indicator reflected the optimal model fit, model selec-
tion was based on the balance between several fit indices, in-
cluding: the Akaike Information Criterion (AIC), the Sample-
Size Adjusted Bayesian Information Criterion (SS Adj. BIC), the
Entropy index, and the Lo-Mandell-Rubin test (LMR) [33,34].
Lower values on the AIC and SS Adj. BIC indicated better mod-
el fit. The Entropy index should be >0.7, with values closer to
1 indicating better model fit. The LMR index iteratively com-
pares two neighboring models, a model with k-classes, with a
higher number of latent classes, and a model with k-1 class-
es, with a smaller number of latent classes. The final decision
about the number of clusters was based on several criteria,
including the numbers of individuals in the clusters, the like-
lihood of an individual’'s membership in the cluster, and the
interpretability of the clusters.

Differences in distributions of numerical variables among the
clusters was analysed by one-way analysis of variance (ANOVA),
followed by the Games-Howell post-hoc test to discriminate
between particular pairs of clusters. Differences in categorical
variables among the clusters were calculated using chi-square
(x?) test, except when the expected number of observations
was less than 5, for which Fisher’s exact test was deemed more
appropriate. Differences among the clusters in particular do-
mains of the MMSE and the GAS and GDS tests were deter-
mined by the MANOVA method. For all tests, p<0.05 was de-
fined as statistically significant.

The likelihood of an individual belonging of to a cluster was
assessed using a multivariate, multinomial logistic regression

(LR) model if the scores of particular domains of the MMSE
were below average, and if scores of the new versions of the
GAS and GDS tests were above average. Cluster 1, being the
best functionally, was regarded as the control. The AIC was
used to measure the quality of the model’s predictive perfor-
mance. This model was based on evidence indicating that par-
ticular domains of the MMSE test can improve the ability to
predict the progression of cognitive impairment, beyond the
predictive validity of the total MMSE score [35]. A separate LR
model was utilized to assess the dependence of an individual’s
age and level of education to membership in a particular set
of pathological clusters (clusters 2—4). The rationale for using
this model was based on evidence showing associations be-
tween increasing age and low educational level with declines
in both physical and cognitive performances [36].

Results

The results of LCA model fitting are summarized in Table 1.
The LCA procedure based on “frailty” and MMSE tests provid-
ed several potentially appropriate solutions. However, when
all four tests were included, including the GAS and the GDS
tests, the LCA did not provide good fit indices or generate in-
terpretable models. The relative goodness-of-fit indices fa-
voured the four-class model, as suggested by the lowest val-
ues of the AIC and SSAd].BIC indices and the highest value of
the Entropy index. Comparisons of two neighbouring class-
es using the LMR index found that fit index value was signif-
icantly higher for the four-class than the three-class model,
whereas the fit index value was not significantly higher for
the three-class than the two-class model. The superiority of
the four-class to the three-class model was also indicated by
the finding that a larger number of classes provided additional
opportunities to better distinguish among participants in the
sample, making it preferable for interpretation.
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Table 2. Average scores across clusters on the frailty and MMSE tests.

CLINICAL RESEARCH

Cluster Number of Average
patients scorexSD*

Frailty 1) HF 161 0.58
(0.721)

2) Cl 63 0.97
(0.782)

3) CF 21 3.48
(1.123)

4) PhyF 18 3.61
(0.777)

Total 263 1.11
(1.286)

MMSE 1) HF 161 27.42
(1.556)

2) Cl 63 21.94
(1.958)

3) CF 21 19.14
(2.308)

4) PhyF 18 24.89
(1.811)

Total 263 25.27
(3.398)

p-Value Age (year) p-Value
(post-hoc) AverageSD (post-hoc)
0.000 69.40 0.000
HF: Cl: CF: PhyF (5.455) HF: Cl: CF: PhyF
0.000 72.33 >0.05
Cl: CF: PhyF (6.611) Cl: PhyF
0.000
Cl: HF: CF
>0.05 78.62 >0.05
CF: PhyF (5.792) CF: PhyF
0.000 0.000
CF: CI: HF CF: CI: HF
>0.05 74.72 >0.05
PhyF: CF (6.515) PhyF: CF: Cl
0.000 0.000
PhyF: Cl: HF PhE: HF
71.20
(6.434)
0.000
HF: Cl: CF: PhyF
0.000
Cl: CF: PhyF
0.000
CF: PhyF
CF: CI: HF
0.000
PhyF: CF
PhyF: Cl: HF

HF — highly functional; Cl — cognitive impairment; CF — cognitive frailty; PhyF — physical frailty. * Higher scores on the frailty test
indicate a higher level of physical frailty, whereas higher scores on the MMSE test indicate a higher level of cognitive function.

The independence of latent classes (clusters) from each other
was assessed using by ANOVA, in which clusters were inde-
pendent variables and the average results on the “frailty” and
MMSE tests were dependent variables (Table 2). Significant
differences were observed for both dependent variables and
for all clusters, except for clusters 3 and 4, which did not dif-
fer from each other in results on the “frailty” test (the post-
hoc analysis).

Table 2 also shows that members of the “HF” cluster were sig-
nificantly younger than those in other clusters, whereas partic-
ipants in the “CF” cluster were significantly older than those
in the “CI” cluster. Participants in cluster “PhyF” did not dif-
fer significantly in age from those in clusters “CI” and “CF”.

The average results on the “frailty” and MMSE tests were trans-
formed to allow visual presentation of their variations across

clusters (Figure 1). The first cluster, on the left side, consisted
of participants with good cognitive performances (2.15 units
above the average for the sample), and only slightly disturbed
physical performances (0.53 units below the average for the
sample). This cluster was defined as being “relatively robust”
or “highly functional” (HF).

Members of the second cluster had low cognitive performance,
3.33 units below the average on the MMSE for the sample, with
good physical performance, as shown by the slight difference
in “frailty” score from the average for the sample. This cluster
was defined as being “cognitively impaired” (Cl).

Member of the third cluster showed higher physical perfor-
mance scores (2.37 units above the average), but lower cog-
nitive performance scores (6.13 units below the average). This
cluster was defined as being “cognitively frail” (CF).

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€924281-5




CLINICAL RESEARCH

Majnari¢ LT. et al.:
Clustering of physical frailty and cognitive impairment
© Med Sci Monit, 2020; 26: €924281

Figure 1. Variations among clusters in average
scores on the frailty and MMSE tests
when compared with the entire
sample.

Highly functional | Cognitive impairment Cogpnitive frailty

Physical frailty

2.5

M Frailty —0.53 -0.14 237
[ MMSE 2.15 -3.33 -6.13

-0.38

Finally, participants in the fourth cluster had only a slight dif-
ference in MMSE score from the rest of the sample, being 0.38
units below average, but a much higher “frailty” score, 2.50
units above average. This cluster was defined as being “phys-
ically frail” (PhyF).

Table 3 shows that the “PhyF” cluster contains only frail in-
dividuals; that the “CF” cluster includes a high proportion of
frail individuals and a smaller proportion of pre-frail individ-
uals, that the “CI” cluster consists of about two thirds of pre-
frail individuals and one third of robust individuals, and that
the “HF” cluster contains equal proportions of physically ro-
bust and pre-frail individuals.

When the MMSE cut-offs were adjusted according to levels of
education, 34.6% of individuals in the sample were found to
have MCI. The majority of individuals in clusters dominated
by individuals with decreased cognitive function had MCl, in-
cluding 74.6% of subjects in cluster 2 and 90.5% in cluster 3.

Analyses of differences among the clusters in the domains of
the GAS, GDS, and MMSE tests showed that the domains in-
dicating mental disorders, anxiety and dysphoria had signifi-
cantly higher scores in clusters that containing high percentag-
es of physically frail subjects (clusters “CF” and “PhyF”), than
in the “highly functional” cluster (Table 4).

The scores of the domains of the MMSE test indicating “atten-
tion” as the non-mnestic function and “delayed memory” and
“orientation in time” as mnestic functions were found to be
significantly lower in clusters with decreased cognitive func-
tion (clusters “CI” and “CF”) than in the “highly functional”
cluster (Table 4). The score on the domain “delayed memory”
was also significantly lower in the cluster indicating physical
frailty (cluster “PhysF”) (Table 4).

Based on current theories of the development of cognitive
frailty syndrome, two scenarios of the transition of individuals
among the clusters are suggested (Figure 2A, 2B).

In the multivariate LR model, low scores in the MMSE domains
indicating the mnestic functions “orientation in time” and “de-
layed memory” were significantly associated with a higher
probability of belonging to a cluster designated as “patholog-
ical” than to the control, “highly functional” cluster (Table 5
upper panel). The MMSE domain indicating “attention” was
significantly associated with a higher probability of member-
ship in cluster 2, characterized by cognitive impairment. The
domains indicating anxiety on the GAS test and dysphoria on
the GDS test were associated with a significantly higher prob-
ability of membership in cluster 4, which is characterized by
physical frailty.

Increasing age was found to be significantly associated with
the probability of membership in the pathological clusters, in
particular cluster 3, which indicates cognitive frailty syndrome
(Table 5). A higher level of education, defined as secondary
school or higher, was associated with reduced probability of
membership in clusters with impaired cognitive function (clus-
ters 2 and 3), but the level of the significance was low, with
a Z-value of about 2.

Discussion

This study identified four patterns (clusters) of physical frail-
ty and cognitive impairment that most optimally described
the population of Croatian subjects aged >60 years. One clus-
ter, which included 61.22% of study participants, consisted of
relatively robust individuals (cluster 1). The other three clus-
ters, which contained 23.95%, 7.98% and 6.85% of the par-
ticipants, consisted of subjects with various pathological con-
ditions, including MCI (cluster 2), cognitive frailty (cluster 3),
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Table 3. Distributions of pre-frail and frail individuals, and those with mild cognitive impairment, across the clusters.

Within clusters

Frailty categories  Robust N 89
% within a 55.3%
cluster
Pre-Frail N 71
% within a 44.1%
cluster
Frail N 1
% within a 0.6%
cluster
All N 161
% within a 100,0%
cluster
mcr* Primary N 8
Education*** school
% within a 44.4%
cluster
High N 7
school
% within a 38.9%
cluster
Academic N 3
level T e
% within a 16.7%
cluster
All 18
11.1%
161

20 0 0 0.000 109
31.7% 0.0% 0.0% 41.4%
43 3 0 0.000 117
68.3% 14.3% 0.0% 44.5%
0 18 18 0.000 37
0.0% 85.7% 100.0% 14.1%
63 21 18 0.000 263
100.0% 100.0% 100.0% 100.0%
17 8 4 37
36.2% 42.1% 57.1% 40.7%
26 9 2 44
55.3% 47.4% 28.6% 48.4%
4 2 1 10
8.5% 10.5% 14.3% 10.9%
47 19 7 0.000 91
74.6% 90.5% 38.9% 34.6%
63 21 18 263

HF — highly functional; CI — cognitive impairment; CF — cognitive frailty; PhyF — physical frailty. * Pearson Chi-Square or Fisher’s Exact
test, where appropriate; ** MMSE cut-offs for mild cognitive impairment (MCI) adjusted for level of education levels in Croatian
individuals aged >65 years set at <24 for education <14 years and <26 for education level >14 years; *** Primary vs. high vs. academic
education — HF (33.5% vs. 56.0% vs. 10.5%); Cl (57.0% vs. 35.0% vs. 8.0%); CF (66.7% vs. 28.6% vs. 4.7%); PhyF (66.7% vs. 33.3% vs.
0%); All (44.1% vs. 47.1% vs. 8.8%); inter-cluster differences (Pearson Chi-Square or Fisher’s Exact test and the Games-Howell post-hoc

test): HF>Cl, p=0.034; HF>CF, p=0.051; HF>PhyF, p=0.009.

and physical frailty (cluster 4), respectively [37]. The mental
disorders, anxiety and depression, were found to have an ex-
planatory (mediating) role.

Increased age was found to strongly influence the formation
of pathological clusters, particularly cluster 3, consisting of
subjects with cognitive frailty. The interaction of accumulat-
ed pathologies with advanced age are the factors necessary
for the development of this phenotype [38,39]. Level of edu-
cation was generally balanced among the pathological clus-
ters, and therefore did not have a major influence on mem-
bership in these clusters. Relative to primary school education,
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high (secondary) school education slightly reduced the like-
lihood of membership in the pathological clusters, in agree-
ment with the results of the Croatian MMSE validation study,
in which only a college level education had an effect on deter-
mining MMSE cut-offs for the older population [28]. A differ-
ence between genders was observed only in cluster 4 (phys-
ical frailty), in which women were dominant. Although this
cluster was small in size, other evidence also suggests that
women are more predisposed to physical frailty than men [7].

To our knowledge, this study is the first to assess the prev-
alence of frailty among older, community-dwelling Croatians.
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Table 4. Associations of the respective domains of the GAS, GDS and MMSE tests with subject membership in clusters.

Independent variable Cluster Average SD p-Value Post-hoc analysis
GDS — dysphoria HF 1.06 1.53 0.000 HF<CF. PhyF

- a 160 185

¢ 266 235

C Phyp 266 200

"""""" AU 142 180
GDS-lackof positivemood  HF o040 o091 - - -

o oa 104
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Y 00 1499

"""""" Al o047 12
CGAS-amdety  HF 357 366 0000 HFCCF. PhyF

a4 399

¢ es 850

Y 038 674

"""""" Al 48t oso3
| MMSE 1orientationintime* ~ HF 473 054 0000 HFE>CLCF CIsCF

a4 0:2

o 3 103

C ehyp 422 o087

"""""" Al as0 o0
| MMSE 2 repetition®  HF 199 o007 - -

- a 196 025

o 195 o021

~ Phyp 200 o001

"""""" Al 18 o015
| MMSE 3attention  WF 473 o071 0000 HE. PhyF>Cl. CF

- a 163 139

¢ o o081

C ehyp a3 123
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Table 4 continued. Associations of the respective domains of the GAS, GDS and MMSE tests with subject membership in clusters.

Independent variable Cluster Average SD p-Value Post-hoc analysis
MMSE 5 comprehension™ HF 3.00 0.01 - -
a2 03
¢ 280 o0s1
© ehyp 288 047
”””””” AL 206 027

HF — highly functional; Cl — cognitive impairment; CF — cognitive frailty; PhyF — physical frailty. * Differences in mean values shown only
for tasks (questions) on the MMSE, for which any differences were observed among the clusters. For two memory-related functions:

“repetition” and “delayed memory”, maximum point scores were 2 and 1, respectively; the maximum point scores were 5 each; for
two non-memory-related functions: “orientation in time” and “attention”, the maximum point scores were 5 each.

\ a3

(14

a3

Figure 2. Scenarios suggesting that (A) physical frailty precedes cognitive decline and (B) cognitive frailty develops as a unique

disorder.

We found that the prevalence of frailty was about 14%. Other
large epidemiologic studies in European countries have re-
ported the prevalence of frailty to be 12% and 6-27% [40,41].

Moreover, to our knowledge, this study is the first attempt to iden-
tify patterns of physical and cognitive performances among old-
er individuals. In our previous study, we used the k-means clus-
tering technique, which compares distances between numerical
variables, to determine the relationship of factors associated with
comorbidities and the cognitive and mental functioning of old-
er primary care patients with pre-frail and frail status [42]. A re-
cent large-scale study used a fuzzy c-means algorithm to identify
multimorbidity patterns in older individuals, and to analyse their
sociodemographic, lifestyle, clinical, and functional characteris-
tics [10]. Similar groups of older people, labelled as being phys-
ically frail, cognitively impaired, and cognitively frail, were used
to predict incident dementia [43]. A small-scaled study analysing
the associations of educational level and cognitive and physical
functions with disabilities, as measured by activities of daily liv-
ing, also identified four clusters, indicating similar combinations of
physical and cognitive performances as in the present study [44].

The research approach used in this study was more reliable
pathophysiologically than separate approaches to each co-
morbidity, approaches currently regarded as the best methods
for research on multimorbidity, including clustering of chron-
ic diseases, and modelling of the prediction of functional out-
comes [8-11]. The approach described in the present study
better reflects the dynamics of accumulated pathologies dur-
ing the ageing process, and the relationship of theses dynam-
ics with chronological age. If ageing is considered an increase
in entropy of body organisation, as stated by the theory of
complex systems and the recent integrated theory of ageing,
then the clusters identified in this study can be considered a
cross-section of the states of entropy of the examined popu-
lation [38,45]. Although many factors may influence the dy-
namics of the ageing process, the result is a limited number of
relatively stable, but heterogeneous, phenotypes at the pop-
ulation level, with these phenotypes being determined by the
balance between neuropathological changes and somatic co-
morbidities [36,46]. Individuals within the same cluster would
therefore be at similar risks of further deterioration in health
or similar potential for change.
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Table 5. Probability of belonging to pathological clusters as a function of (upper panel) scores on the GAS, GDS and MMSE domains
and (lower panel) age and level of education.

Cluster 2 Cluster 3 Cluster 4
z-Value OR (95% CI) OR (95% CI)
wsewos  SM eowon M oomom 0 eoon
MMSE 3=above -6.75 (0.00%285008)
MMSE 4=above —4.13 (O.(?;i?).z) —-3.289201 (o.o%;)fo.z) -3.08 (0.(?:_;4)
Anxiety=above 2 (2.4:;733.87)
Dysphoria=above 2.14 (1.373;91?50)

AIC: 280.0985, *MMSE 1="Orientation in time”, MMSE 3="“Attention”, MMSE 4=“Delayed memory”.

Cluster 2

Cluster 3

10.94 2 561.37 98.57
A 1 4, 2
ge 30 (2.96-40.46) 8 (182.95-35 859.6) 3:29 (9.91-979.89)
Education 0.39 0.30 0.34
level=secondary 286 (0.23-0.67) 202 (0.11-0.80) ~198 (0.14-0.83)

AIC: 490.71.

The partitioning of the older population according to physical
and cognitive performances can constitute the primary frame-
work to guide the further assembly of diagnoses of chronic dis-
eases, or other factors that indicate the clinical and sociode-
mographic characteristics of older individuals. This procedure
may allow for some insights into the pathophysiologic back-
ground beyond patterns of age-related functional decline. The
present study showed that age was lower in cluster 1, consist-
ing of robust persons, than in the other three clusters. Thus,
individuals in this cluster are characterized only as at risk for
incipient changes in body fitness, with 44% of these partici-
pants being pre-frail. Individuals with these characteristics are
difficult to distinguish from those in a fully healthy state, as
the accumulation of comorbidities is a continuous process [47].
Even these early changes in physical fitness are rarely isolated
conditions, but rather are in combination with cognitive im-
pairment. This is suggested by the finding that a small per-
centage of individuals in cluster 1 have MCI. However, a larger
percentage may have subjective memory complaints, an ear-
ly sign of cognitive decline that has been shown predictive of
incident dementia [48,49].

The proposed evolving nature of age-based functional decline
suggests that follow up of individuals in cluster 1 may clarify con-
cerns that cannot be determined by prospective epidemiologic

studies. For example, it is unclear whether early stages of phys-
ical frailty potentiate the development of cognitive decline, or
whether cognitive frailty develops as a unique disorder, start-
ing from the appearance of subclinical neurovascular and co-
morbidity changes [50-53]. If physical frailty potentiates cogni-
tive decline, then patients would start in cluster 1 (pre-frailty)
and proceed via cluster 2 (early cognitive frailty) towards high-
er stages of cognitive frailty, later in life, as in cluster 3. In this
proposed scenario, cluster 3 can be viewed as the stage of mul-
tiple comorbidities affecting the body and brain [16,46]. This
scenario is supported by the results of the epidemiologic stud-
ies indicating that physical frailty predicts cognitive decline [51].

Alternatively, clusters 1 and 2 may represent the start of two
relatively independent pathways, which operate with a time
lag during life. One pathway represents the development of the
frailty phenotype, starting with early frailty changes (cluster 1)
at a younger age and later progressing to overt physical frail-
ty, in accordance with Fried’s postulate of deficit accumulation
during the transition between frailty states [12,54]. The sec-
ond pathway represents cognitive frailty, considered a unique
disorder, which starts with early physical and cognitive impair-
ments, as in cluster 2, and advances towards overt cognitive
frailty, as in cluster 3. This scenario is supported by epidemio-
logic studies demonstrating that individuals with co-occurring
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physical frailty and cognitive impairment are at higher risk of
progression to dementia than individuals with physical frail-
ty alone, and from studies showing that physical frailty and
cognitive impairment interact, potentiating each other in the
development of negative outcomes [55,56].

Cognitive frailty is thought to represent a range of similar dis-
orders, which share pathophysiologic pathways, including the
effects of vascular, inflammatory, nutritional, and metabol-
ic factors [46]. Accordingly, cognitive impairment should be
considered within the context of existing comorbidities [39].
There is a broad expert consensus that all older pre-frail and
frail individuals with comorbidities be screened for cognitive
impairment [16,52].

This view is supported by our study, which found that cognitive
impairment was rarely present as an isolated disorder, based
on the high overlap rates between cognitive and physical im-
pairments in clusters 2 and 3. The division of individuals into
clusters, as in this study, may be useful in targeted screening
for cognitive impairment. Based on our results, individuals in
cluster 2 (early cognitive frailty) are likely to be better targets
for screening of cognitive impairment than those in cluster 1
(early frailty). Subjects in cluster 2 show significant reductions
in both memory-related cognitive functions (delayed memo-
ry and orientation in time) and attention (an executive func-
tions), allowing the differentiation between cognitively im-
paired and robust individuals [57-59].

Partitioning the older PC population into clusters would allow
follow-up of certain individuals who may progress to higher
stages of cognitive impairment and frailty, and who may de-
velop final outcomes, such as dementia, based on their initial
cluster assignment. This may enable the determine of wheth-
er individuals in cluster 2 with isolated MCI or early cognitive
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frailty are more likely to develop dementia, either the vascu-
lar type or Alzheimer’s [52]. Follow up of individuals in these
clusters could also determine whether reduced cognitive func-
tion, as in some individuals in cluster 4, is due to cognitive im-
pairment or to interference by high anxiety level, which was
found to significantly influence membership in this cluster
[60]. Indeed, recent studies have found that the presence of
symptoms of mental disorders in older, cognitively unaffect-
ed people increases their risks for cognitive impairment [21].

Conclusions

To our knowledge, the present study is the first to show that
the continuity and non-linearity of age-related accumulation
of pathologies can be addressed by clustering of older popula-
tions based on their physical and cognitive performances. The
major limitation of this study was its small sample size, which
may have influence the number and sizes of the identified clus-
ters. Larger scale studies are needed to confirm these results.

Although each cluster was heterogeneous, older individuals
could be classified into clusters of subjects who were high-
ly functional, cognitively impaired, cognitively frail, and phys-
ically frail. The formation of these clusters was age-dependent
and influenced by the occurrence of mental disorders and by
performance on particular cognitive tasks. Follow up of indi-
viduals in these clusters may resolve many of the conflicting
results of epidemiologic studies, in which participants were la-
belled individually, rather than as spontaneously assembled
groups based on functional outcomes. The addition to these
clusters of diagnoses of chronic diseases and other attributes
that describe clinical and sociodemographic characteristics of
older individuals may help disentangle the complex interfaces
between age-related physical and cognitive decline.
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