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Abstract

Aims: The frailty concept is of growing importance. There is a need
for the development of a generic instrument to fasten down clinicians’ judg-
ment about the autonomy and the degree of frailty of the elderly. It can be
a worthwhile tool in the early detection of dementia in primary health care.

Methods: The validity of the Frail instrument was tested.
Out of the Qualidem study population, for 553 persons a Camdex-R
score and MMSE are available to test the diagnostic parameters.
Second, using data of 845 subjects at home and in the homes for the
elderly, validity has been studied by the non linear explorative principal
component analysis using Princals.

Results: The diagnostic parameters of the Frail test in single use
and in combination with MMSE for 553 persons are good. Sensitivity is
good but specificity is weak. A good Oddsratio is significantly higher
when it is used combining Frail with MMSE.

The three dimensions of the PRINCALS analysis explained 72% of all
variance. The component loadings express the strength of association
between each of the items on the one hand and the identified compo-
nent (i.e. dimension) on the other.

Conclusion: The Frail instrument has a good diagnostic value. There
are strong arguments for a good content validity of the instrument.
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Introduction

The frailty concept is of growing importance and is seen as the chief
added value of geriatric medicine (1-5). Frailty can be defined as a phys-
iologic state of increased vulnerability to stressors that results from
decreased physiologic reserves, and even dysregulation, of multiple
physiologic systems. This decreased reserve results in difficulty main-
taining homeostasis in the face of perturbations, whether they are
extremes of environmental temperature, exacerbations of a chronic dis-
ease, an acute illness, or an injury (6).

In primary care settings, caring for people with chronic and invali-
dating conditions, the frailty concept is of growing importance (7). The
primary care physician needs to adopt a broad ‘frailty’ concept (8),
regarded as a condition or syndrome which results from a multi-system
reduction in reserve capacity to the extent that a number of physiologi-
cal systems are close to or passed, the treshold of symptomatic clinical
failure (2).

Given this background we developed a generic instrument to fasten
down clinicians’ judgment about the autonomy and the degree of frailty
of the elderly at a somatic, psychological and social level. It is concor-
dance with recently developed guidelines for a new theoretical approach
to the concept of frailty in older adults: (a) it must be a multidimensional
concept that considers the complex interplay of physical, psychological,
social and environmental factors; (b) the concept must not be age-
related, suggesting a negative and stereotypical view of ageing; (c) the
concept must take into account an individual’s context and incorporate
subjective perceptions; (d) the concept must take into account the con-
tribution of both individual and environmental factors (9). It must be dis-
tinghuished from disability and comorbidity (6). It is a clinimetric instru-
ment, aimed to quantify comparative clinical data and personal
phenomena of patient care (10-12).

The development of the instrument was based on an earlier pub-
lished preleminar format (13;14). Further development and validation
was performed in a large scaled population study (15).

The Frail instrument (Frail and Autonomy scoring Instrument Leuven)
consists of two concentric circles (figure 1). The first concerns four
somatic items: ADL, IADL at home, IADL outside and sensory functions.
The second circle concerns eight psycho-social items: the use of med-
ication, memory problems, orientation, family functioning, social func-
tioning, making plans, behaviour and handling finances. For each item
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Fig. 1: FRAIL Instrument
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the clinician is asked to mark what his/her idea is about the degree of
autonomy and the need for help for each of the items ranging from 1
(autonomous) to 4 (need for help of a third person). A subscore can be
calculated for each circle and a total score for both together. In different
field trials this new instrument has shown to have a good test-retest reli-
ability as well after two hours as after two weeks (15). It is feasable in
general practice, takes three minutes to score and gives the clinician
additional information for the planning of the care of chronic and geriatric
patients. The internal consistency is good with cronbach alfa measure-
ments varying between.91 and.94. Used for the diagnosis of dementia
with the Camdex-N as reference standard (16;17), sensitivity is
0.73(0.52-0.95), specificity is 0.88 (0.80-0.95) and positive likelihoodra-
tio is 6.14 (3.3-11.4) (15;18;19).

In two subanalyses of the Qualidem field trial we looked for the con-
tent validity of the Frail instrument understood as the degree to which
an instrument fits with the theory behind it (20;21).

Methods

The methodological details are described in the paper of Paquay et
al. in this issue. The essential elements are described anywhay. The
hypotheses tested here is that cognitive deterioration (study 1) and func-
tional decline (study 2), as markers of frailty, can be quantified by the
clinimetric instrument Frail.

A. General

A.1. Study population

The study population was recruited in two Belgian regions (Lier,
Verviers). A broad announcement was launched including repeated
postal newsletters, phone calls and personal visits by the investigators.
General practitioners (GPs) and independent home care nurses were
informed by way of their local professional associations. All home care
organizations and residential care facilities were visited by the investi-
gators.

A.2. Diagnostic instruments in the selection procedure

A three-stage diagnostic procedure was used. In the first stage, inclu-
sion of eligible subjects was carried out using four basic assessment instru-
ments: the official Belgian ADL evaluation scale (22) an assessment scale
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for disruptive behavior, Instrumental Activities of Daily Living (IADL) (23)
and the Frail and Autonomy Instrument Leuven (FRAIL) (15). A subject’s
inclusion score was positive, indicating some degree of dysfunction, if the
subject had a positive score for one of six prefixed criterions on the inclu-
sion scales

During the second stage for all subjects with complete inclusion data,
the Mini Mental State Examination (MMSE) was administered as a
screening instrument for dementia (24).

In the third stage the Cambridge Examination for Mental Disorders
of the Elderly – Revised (CAMDEX-R) was used as the final diagnostic
reference for all selected subjects. A second informant (e.g. caregiver)
for each included patient, was interviewed by the investigators using the
CAMDEX-R (25-27).

For the FRAIL instrument a cut-off score ( 19 was chosen as the
minimum score for inclusion.

The maximum score of MMSE is 30 points, indicating excellent 
cognitive function. A cut-off score ( 23 was used to select study sub-
jects.

The CAMDEX was designed to provide a formal diagnosis accord-
ing to operational diagnostic criteria in one of 11 categories. In our study
the CAMDEX-R provided support for five diagnostic categories: demen-
tia, delirium, depression, mild cognitive impairment (MCI) or none of
these (28).

A.3. Data management and analysis

Data input was performed manually with MS-Access©. The accuracy
of data entry was checked by having two different research assistants
enter a random sample of 10 % of all available data during the first
study stage. The proportion of different data in both databases was
0.33% (25/7,462). Data cleaning, data management and analysis was
performed using the SAS System version 8.2 and Statistica (Statsoft,
2000).

B. Population Study 1

Out of the Qualidem study population, for 553 persons a Camdex-R
score and MMSE are available (18). Diagnostic parameters are calcu-
lated.
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C. Population Study 2

Using data of people at home and in the homes for the elderly par-
ticipating the Qualidem study, validity has been studied by the non lin-
ear explorative principal component analysis using Princals (29). Frail
therefore has been compared with the Belgian Katz instrument and
Lawtons’ IADL scale. The aim was to explore the underlying structure
of the data used for inclusion of study subjects: the Belgian ADL
Evaluation Scale (B-ADL), the Belgian Nursing Home Behaviour Scale
(BNHBS) and the IADL-scale of Lawton. Factor extracting using non-
metric principal components with the PRINCALS algorithm was used. A
PRINCALS analysis in three dimensions with all variables treated as
ordinal was performed in order to explore the relations between the
FRAIL-variables and the variables from the three other assessment
instruments used in the inclusion stage of the study: the Belgian ADL
Evaluation Scale (B-ADL), the Belgian Nursing Home Behaviour Scale
(BNHBS) and the IADL-scale of Lawton. PRINCALS is a data analysis
technique which has a strong emphasis on the graphical representation
of the relations between the variables (30).

Very low frequency scoring categories were eliminated by merging
them with other categories. Therefore the following recoding was used:

FRAIL-items: 6 � 5
Lawton’s IADL-items: 4 � 3
B-ADL (B-ADL_ORIENTATION SPACE, B-ADL_ORIENTATION TIME):
5 � 4
BNHBS-items (BNHBS_DESTRUCTIVE, BNHBS_UNDECENT,
BNHBS_VERBAL): 5 & 4 � 3,
BNHBS-items (BNHBS_RESTLESS, BNHBS_NIGHT,
BNHBS_EXPRESS): 5 � 4

Results

Study 1

The diagnostic parameters of the Frail test in single use and in com-
bination with MMSE for 553 persons are presented in table 1. Sensitivity
is good but specificity is weak. A good Oddsratio is significantly higher
when it is used combining Frail with MMSE.

Study 2.

In the home care setting GPs and nurses evaluated 845 persons
using these three instruments. The frequency distribution of all variables
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TABLE 1
The diagnostic parameters of FRAIL in single use and in combination with MMSE for

553 persons for the diagnosis dementia in study 1

Somatic Subscale Psychosocial Frail total scale MMSE + Frail
(95% BI) Subscale (95%BI)

(95%BI)

Cut Off point Somscore>18 Somscore>18 Somscore>18 Score Frail >18
and MMSE score ≤ 23

Number of positive 36 441 525 413
scoring subjects

SENSITIVITY 0,08 (0.05-0.10) 0,88 (0.84-0.92) 0,93 (0.88-0.98) 0.85 ( 0.92-0.99)

SPECIFICITY 0,99 (0.99-1.00) 0,60 (0.51-0.69) 0,27 (0.20-0.33) 0.91 (0.89-0.93)

ODDS RATIO 15,39 (4.74-50.03) 11,18 (7.09-17.63) 5,12 (2.24-11.71) 56 ( 34,79-90,15)

Positive Predictive 0,92 (0.83-1.00) 0,63 (0.55-0.71) 0,50 (0.45-0.54) 0.88 (0.85-0.91)
Value

Negative Predictive 0,58 (0.55-0.61) 0,87 (0.82-0.91) 0,84 (0.72-0.95) 0.89 (0.84-0.03)
Value

Likelihood Ratio 14,28 (4.42-46.09) 2,21 (1.76-2.78) 1,28 (1.15-1.42) 9.21 (7.18-11.83)
positive

Likelihood Ratio 0,93 (0.90-0.95) 0,20 (0.14-0.28) 0,25 (0.12-0.54) 0.16 (0.12-0.23)
negative

TABLE 2
Frequencies of scores of the items/variables of the inclusion scales

Variable Missing Categories 1 2 3 4 5 6

FRAIL_DAILY ACTIVITIES 1 996 637 514 2144 155
FRAIL_FINANCIAL 1 1158 483 534 2078 193
FRAIL_BEHAVIOUR 1 1660 775 468 1395 148
FRAIL_MEMORY 1 1358 841 517 1498 232
FRAIL_IADL_INSIDE 1 729 634 594 2279 210
FRAIL_IADL_OUTSIDE 2 502 500 524 2631 288
FRAIL_SENSES 2 1009 860 778 1610 188
FRAIL_MEDICATION 1 1231 444 532 2120 119
FRAIL_ORIENTATION 2 1749 678 436 1413 169
FRAIL_PLAN 0 1252 628 444 1856 267
FRAIL_SOCIAL 2 1434 662 504 1577 268
FRAIL_FAMILY 2 1596 685 478 1470 216
LAWTON_SHOPPING 0 596 1622 2229
LAWTON_FINANCES 1 1209 1365 1872
LAWTON_HOUSEKEEPING 0 206 1658 2583
LAWTON_FOOD PREPARATION 0 771 1292 2384
LAWTON_MEDICATIONS 0 1330 1817 1300
LAWTON_TELEPHONE 0 1776 1318 1353
LAWTON_TRANSPORTATION 0 855 2350 1242
LAWTON_LAUNDRY 0 576 1207 2664
B-ADL_CONTINENCE 0 2040 1057 788 562
BNHBS_DESTRUCTIVE 0 3634 616 197
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B-ADL_EATING 0 2283 1389 494 281
B-ADL_CLOTHING 1 1574 451 830 1591
BNHBS_NIGHTLY BEHAVIOUR 0 3154 767 320 206
BNHBS_UNDECENT 0 3307 701 439
B-ADL_ORIENTATION SPACE 4 2240 851 741 611
B-ADL_ORIENTATION TIME 0 2053 933 804 657
BNHBS_RESTLESS 0 2841 955 466 185
B-ADL_TOILETING 0 2334 608 1244 261
BNHBS_EXPRESS 0 2530 967 515 435
BNHBS_VERBAL BEHAVIOUR 0 3305 753 389
B-ADL_TRANSFER 1 1787 1217 796 646
B-ADL_WASHING 3 1245 468 1024 1707

TABLE 3
Component loadings of scale items on three dimensions of the PRINCALS analysis

Items Dimension 1 Dimension 2 Dimension 3

FRAIL_DAILY ACTIVITIES 0.82 -0.276 0.088
FRAIL_FINANCIAL 0.85 -0.047 -0.301
FRAIL_BEHAVIOUR 0.809 0.182 -0.206
FRAIL_MEMORY 0.852 0.148 -0.263
FRAIL_IADL_INSIDE 0.825 -0.248 -0.145
FRAIL_IADL_OUTSIDE 0.737 -0.305 -0.135
FRAIL_SENSES 0.763 -0.231 0.031
FRAIL_MEDICATION 0.844 -0.064 -0.268
FRAIL_ORIENTATION 0.858 0.192 -0.203
FRAIL_PLAN 0.861 0.037 -0.297
FRAIL_SOCIAL 0.83 0.026 -0.25
FRAIL_FAMILY 0.822 0.077 -0.255
LAWTON_SHOPPING 0.752 -0.285 -0.002
LAWTON_FINANCES 0.853 -0.045 -0.249
LAWTON_HOUSEKEEPING 0.743 -0.313 -0.008
LAWTON_FOOD PREPARATION 0.786 -0.278 -0.097
LAWTON_MEDICATIONS 0.844 -0.033 -0.169
LAWTON_TELEPHONE 0.833 0 -0.076
LAWTON_TRANSPORTATION 0.732 -0.278 0.084
LAWTON_LAUNDRY 0.764 -0.297 -0.075
B-ADL_CONTINENCE 0.754 -0.042 0.403
BNHBS_DESTRUCTIVE 0.441 0.572 0.239
B-ADL_EATING 0.734 -0.038 0.426
B-ADL_CLOTHING 0.783 -0.242 0.4
BNHBS_NIGHTLY BEHAVIOUR 0.595 0.546 0.103
BNHBS_UNDECENT 0.578 0.526 0.226
B-ADL_ORIENTATION SPACE 0.811 0.338 -0.039
B-ADL_ORIENTATION TIME 0.812 0.334 -0.082
BNHBS_RESTLESS 0.607 0.576 0.079
B-ADL_TOILETING 0.752 -0.153 0.49
BNHBS_EXPRESS 0.715 0.303 0.105
BNHBS_VERBAL BEHAVIOUR 0.55 0.525 0.226
B-ADL_TRANSFER 0.648 -0.307 0.499
B-ADL_WASHING 0.794 -0.231 0.343
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after recoding of very low frequency categories is shown in table 2. The
three dimensions of the PRINCALS analysis explained 72% of all vari-
ance (sum of the Eigenvalues; 0.58 + 0.08 + 0.06). The Eigenvalue of
a component (i.e. dimension) is the variation of the data ‘explained’ by
that component. The component loadings of the scale items on the three
items are presented in table 3. The component loadings express the
strength of association between each of the items on the one hand and
the identified component (i.e. dimension) on the other. A graphical rep-
resentation of the component loadings of the variables on the first two
dimensions is shown in figure 2. It can be seen that the first dimension
is a measure of overall dysfunctioning since all variables exhibit high (>
0.4) loadings on it. On the other hand, the second dimension has high
positive loadings on the ‘behaviour’ items and negative loadings on the
IADL-items. The second dimension may be interpreted as a balance
between so called higher functioning and behavioral disfunctioning. If
the vectors from the crossing of the axes towards the data-points of the
items are of (almost) unit length, then the angle between the two vec-
tors reflects the correlation coefficient of the two corresponding quanti-
fied variables. In other words: variables that are plotted near to each
other’s are highly correlated, the correlation between variables plotted
far from each other’s in the graph is low. In the graph it can be seen that
the FRAIL variables of the first circle (Daily activities; IADL inside and
outside; Senses) are highly correlated to variables of Lawton’s IADL of
similar content: Laundry, Housekeeping, Transportation, Shopping, Food
preparation. The FRAIL variables Medication and Financial are plotted
near the ‘corresponding’ variables of Lawton’s IADL. Since there are no
variables with identical content for the FRAIL Plan, Family, Social and
Memory variables, these variables are in a somewhat isolated cluster.
The FRAIL Behaviour and Orientation variables are nearest to the clus-
ter of the variables of the B-ADL Orientation and the BNHBS.

Discussion

These studies confirm the content validity of the Frail instrument. First
by confirming the results of an earlier study showing that the Frail instru-
ment is a valuable instrument in the detection process of dementia (15;19).
It has however to be stressed that a positive result of the Frail instrument
alone is not enough for the diagnosis: it is a starting point in the case find-
ing procedure that is recommended (31;32). Taking into account the diag-
nostic parameters for ruling out a diagnosis, the good sensitivity combined
with a strong odds ratio are favorable (33). Secondly the Frail instrument
correlates well with the outcome of ADL instrument like Katz and IADL
assessment like the Lawton instrument. Although there is quite some dis-
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Fig. 2: Graphical representation of the component loadings of the variables on the first
two dimensions. The variable names are labeled
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cussion about what parameters are most valuable to express frailty (34-
36), activities of daily living and instrumental activities of daily living are
core elements caused by frailty and disablement (6).
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