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Abstract
Background: Many instruments to identify frail older people have been developed. One of the consequences is
that the prevalence rates of frailty vary widely dependent on the instrument selected. The aims of this study were
1) to examine the concordances and differences between a unidimensional and multidimensional assessment of
frailty, 2) to assess to what extent the characteristics of a ‘frail sample’ differ depending on the selected frailty
measurement because ‘being frail’ is used in many studies as an inclusion criterion.
Method: A cross-sectional study was conducted among 196 community-dwelling older adults (≥60 years), which
were selected from the census records. Unidimensional frailty was operationalized according to the Fried Phenotype
(FP) and multidimensional frailty was measured with the Comprehensive Frailty Assessment Instrument (CFAI). The
concordances and differences were examined by prevalence, correlations, observed agreement and Kappa values.
Differences between sample characteristics (e.g., age, physical activity, life satisfaction) were investigated with ANOVA
and Kruskall-Wallis test.
Results: The mean age was 72.74 (SD 8.04) and 48.98% was male. According to the FP 23.59% was not-frail, 56.92%
pre-frail and 19.49% frail. According to the CFAI, 44.33% was no-to-low frail, 37.63% was mild frail and 18.04% was high
frail. The correlation between FP and the CFAI was r = 0.46 and the observed agreement was 52.85%. The Kappa value
was κ = 0.35 (quadratic κ = 0.45). In total, 11.92% of the participants were frail according to both measurements, 7.77%
was solely frail according to the FP and 6.21% was solely frail according to the CFAI. The ‘frail sample respondents’
according to the FP had higher levels of life satisfaction and net income, but performed less physical activities in
comparison to high frail people according to the CFAI.
Conclusion: The present study shows that the FP and CFAI partly measure the same ‘frailty-construct’, although
differences were found for instance in the prevalence of frailty and the composition of the ‘frail participants’. Since
‘being frail’ is an inclusion criterion in many studies, researchers must be aware that the choice of the frailty
measurement has an impact on both the estimates of frailty prevalence and the characteristics of the selected sample.
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Background
Frailty is an emerging concept, although no agreement
exists about its definition [1, 2]. Consequently, many
instruments for identifying frail older adults have been
developed [3]. Initially, frailty was often designated as a
unidimensional construct, defined as “a medical syndrome with multiple causes and contributors that is
characterized by diminished strength, endurance, and reduced physiologic function that increases an individual’s
vulnerability for developing increased dependency and/
or death” [4]. An example of such a (bio)medical, unidimensional approach to operationalize frailty is the Fried
Phenotype (FP) [5]. Nowadays, some conceptual models
of frailty attempt to be integrative [6]. Such an integrative approach has a multidimensional perspective, and in
addition to physical features such as grip strength or
endurance, social and/or psychological domains are also
included [7, 8]. More recently, the environmental
domain has been added as well [9]. An example of an integrative, multidimensional definition of frailty is: “A dynamic state affecting an individual who experiences
losses in one or more domains of human functioning
(physical, psychological, social), which is caused by the
influence of a range of variables and which increases the
risk of adverse outcomes” [2]. In line with this, the
Comprehensive Frailty Assessment Instrument (CFAI)
for instance, is an assessment with a multidimensional
perspective on frailty [9].
Prior research showed that the different operationalizations of frailty have an important impact on the classification of older adults as frail or not-frail, as a
consequence the prevalence of frailty differ widely across
studies depending on the used frailty assessment [10].
According to a systematic review, the prevalence estimates of frailty range from 4.0% till 59.1% [10]. In
addition, a previous study, comparing four frailty scales
in the same population estimated a prevalence rate of
frailty ranging between 22.2% (FP) and 64.8% (Tilburg
Frailty Indicator, TFI) [11]. Furthermore, Ntanasi et al.
compared five frailty scales whereby the prevalence
ranged from 4.1% until 30.2%, but less than 1% was frail
according to all scales. Depending on the used frailty
scale the characteristics of the ‘frail sample’ had important differences. For instance, 50% of the ‘frail sample’ according to the FP was 80 years and over, while this was
only 20.1% of the frail older persons as assessed according to the Groningen Frailty Index (GFI) [12]. A study of
Aguayo and colleagues comparing 35 frailty measurements found considerably varying prevalence rates
across studies (ranged 1.6% for men till 72.4% for
women) [13].
Therefore, one can assume that these differences between frailty measurements also could have a strong influence on the outcomes of a study. Since ‘being frail’ is
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often used as an inclusion criterion, the selected frailty
measurement may have a major impact on how many
older adults will be included. Furthermore, one can expect that depending on the selected frailty assessment
differences occur on who will be included and also with
respect to the characteristics of the selected frail sample
(e.g., differences in the average age of the sample). In the
literature, many studies can be found which compared
the predictive validity of different frailty-instruments or
the risk factors between frailty-instruments [11, 12, 14].
However, the impact of the used frailty measurements
on the characteristics of a selected ‘frail sample’ is not
yet assessed and remains unclear.
The aim of this study was to examine the concordances and differences between a unidimensional (FP)
and a multidimensional assessment (CFAI) of frailty and
to assess to what extent the characteristics of ‘frail participants’ differ depending on the used frailty measurement. Since the FP solely focuses on the physical
domain, while the CFAI adds measures within the psychological, social and environmental domain as well, one
can assume that particularly some agreement will be
found because of the mutual physical domain and that
differences will be found because of the additional
domains.

Method
Study design

Data were gathered within the D-SCOPE project (Randomized Controlled Trial), which stands for Detection,
Support and Care for Older people: Prevention and Empowerment. The aim of D-SCOPE was to detect frail
community-dwelling older adults who previously were
unnoticed and to improve their access to tailored care
and support [15]. Participants were selected from the
census records of three municipalities in Flanders, the
northern region of Belgium (Ghent, Knokke-Heist and
Thienen) and were all community-dwelling older adults
and aged ≥60 years. Participants were excluded from the
study in case of hospitalization, when the participant or
the informal caregiver indicated that the older adult was
unable to participate, or when the interviewer noted that
the older participant was unable to provide adequate answers (e.g., not being able to answer questions due to
physical exhaustion or decreasing attention). To determine the numbers of participants needed for the present
cross-sectional study, a sample size calculation was conducted (see Additional file 1: Figure S1. Sample size).
Therefore, only a part of the D-SCOPE participants were
asked to do the performance-based tests (Walk time and
Handgrip strength) and were included in the present
study [16]. Data collection was retrieved by two assessors (authors MVDE and AvdV) and started in March
2017 and lasted until September 2017. The details of the
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data collection method of D-SCOPE can be found elsewhere [15]. This study was reviewed and approved by
the medical ethics committee of the Vrije Universiteit
Brussel, Brussels, Belgium (reference number: B.U.N.
143,201,630,458). Written consent was obtained from all
participants. The study adheres to the STROBE
guidelines.
Frailty measurements

Fried’s Phenotype of frailty was used to measure unidimensional frailty. According to the Fried Phenotype the
following five criteria are used to determine the level of
frailty: weight loss, exhaustion, low physical activity,
slowness, and weakness [5]. Weight loss is measured by
asking the following question: “In the past year, have
you lost more than 5 kg unintentionally (i.e., not due to
dieting or exercise)?” If yes, the participant was scored
frail for the weight loss criterion. Exhaustion was determined using two questions of the CES–D Depression
Scale, for which the following two statements had to be
answered on a scale from 0 to 3: “Last week, I felt that
everything I did was an effort”; and “Last week, I could
not get going”. Participants could answer with the options: 0 = rarely or none of the time (< 1 day), 1 = some
or a little of the time (1–2 days), 2 = a moderate amount
of the time (3–4 days), or 3 = most of the time. The participants answering “2” or “3” on at least one of these
two questions were categorized as frail by the exhaustion
criterion [17]. Low physical activity was measured by
asking the participants whether they did any physical activities (e.g., walking, swimming, or cycling). The answer
options were never, rarely, monthly or weekly [18]. Participants answering weekly were categorized as not-frail,
the others as frail. For the performance-based measures
slowness and weakness, all participants received standardized instructions. For the slowness criterion, participants were asked to walk 4.57 m (15 ft.) at a normal
pace, starting from a standing position. Equal to the original criteria from Fried and colleagues, depending on
gender and height, a walk time below 6 or 7 s was categorized as not-frail, the others were considered as frail
[5, 17]. Weakness (handgrip strength) was measured
using a Saehan hand dynamometer (Saehan Corporation,
South Korea). Participants were asked to squeeze the
dynamometer as hard as possible. Depending on gender
and BMI, a different cut-off existed to categorize a person as (not-)frail [5]. In Additional file 2: Text S1, the
protocol of the performance-based tests is described in
detail. The result of each frailty criterion is dichotomized: frail (score 1) or not-frail (score 0). The final
frailty sum scores range from 0 to 5. A score of 0 means
a not-frail participant, participants with a score of 1 or 2
are considered pre-frail, and a score of 3–5 indicates that
someone is frail [5].
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The Comprehensive Frailty Assessment Instrument
(CFAI) is self-report and was used to measure multidimensional frailty. This frailty measurement includes four
domains: physical, social, psychological, and environmental [9]. The physical domain (4 items) assesses an
older adult’s functionality. An example of an item is
‘Walking up a hill or some stairs’. The psychological domain (8 items) measures mood-disorders and emotional
loneliness such as ‘I feel unhappy and depressed’. The
social domain (4 items) assesses social loneliness and the
potential social support network like ‘There are enough
people whom I can rely on when I am in trouble’. Finally, the environmental domain (5 items) evaluates the
suitability of the physical housing environment, for instance, ‘My house is in a bad condition/poorly kept’. All
subscales range theoretically from 0 to 100 with higher
scores indicating more severe levels of frailty. An overall
score on the CFAI is calculated by summing the scores
on each domain divided by the number of domains. A
detailed description of the CFAI can be found in Additional file 3: Text S2. The composition of the CFAI
makes it possible to analyze the overall scale, including
all the domains, but also on the domains separately. In
what follows, CFAI is always used to indicate the
overall scale including all the domains; otherwise, the
specific domain is mentioned. A previous study determined the presence of three natural groups for the
CFAI and its four domains: no-to-low frail, mild frail
and high frail. The cut-offs of the CFAI are 0–21.89,
21.90–38.79 and 38.80–100, respectively (Additional
file 3: Text S2, Table C) [19].
Characteristics of participants

Participants were asked their date of birth and net
monthly income. Meaning in life was evaluated with a
short version of the Meaning in Life Questionnaire [20].
Life satisfaction was measured by using the Satisfaction
with Life Scale, a validated scale which measures global
life satisfaction [21]. To assess mastery, a questionnaire
with 4 items was used which evaluates to what extent
people feel they exert control over existing circumstances of their lives [22]. In addition, 1 self-constructed
item assesses mastery in relation to others [23]. Social
inclusion was measured by using 1 item from the
Community Integration Measure: to what extent they
feel like part of the community [24]. Ageing well in place
was assessed using a self-constructed question: to what
extent the older participant feels he/she lives at home in
a qualitative way. Feeling frail was assessed by 1 item: to
what extent the older participant feels frail [15].
Statistical analyses

To describe the sample, univariate analyses were conducted. To assess concordances and differences between
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the FP and the CFAI several tests were applied. First, differences in mean scores for the CFAI and the four
CFAI-domains according to the three levels of the FP
were examined by means of Analysis of Variance
(ANOVA). As post-hoc, the Tukey HSD test was conducted to find differences in mean between pairs. Second, the strength of the association between the FP and
both the CFAI and its subdomains was assessed by calculating Spearman correlation coefficients. Stronger correlations indicate concordance between the concepts
that are measured, lower correlations indicate differences. No definite cut-offs exist, however Reid et al. suggested that different tests of the same construct should
have correlation coefficients greater than 0.30, therefore,
> 0.30 was used as the cut-off [25]. Third, the observed
agreement and the Kappa value (interrater reliability)
between the FP and the CFAI (and domains) were
computed [26]. Since both frailty scales are ordinal, a
weighted (Linear and Quadratic) Kappa Value was analyzed. The interpretation of the weighted Kappa value
was divided as follows: ≤0, no agreement; 0.01 to 0.20,
none to slight; 0.21 to 0.40, fair; 0.41 to 0.60, moderate;
0.61 to 0.80, substantial; 0.81 to 1.00, almost perfect
[27]. Since ‘being frail’ is an inclusion criterion in many
studies, it was decided to compare the characteristics (as
mentioned above) of the frail sample according to the
FP with the frail sample of the CFAI. ANOVA was conducted for continuous variables and the Kruskall-Wallis
tests for ordinal variables. Missing data were excluded
pairwise. Statistical significance was set at p < 0.05 for all
analyses, which were performed using SPSS 24 (IBM
SPSS Statistics for Windows, IBM Corp., Armonk, NY).

Results
In total, 196 people aged 60 years or older participated
in the study. The mean age was 72.74 years old (SD 8.04,
range 60–93) and 48.98% was male. The characteristics
of the sample are described in Table 1. According to the
FP measurement, 19.49% of the participants were frail,
while 18.04% of the participants were high frail according to the CFAI. According to the CFAI 44.33% of the
sample was no-to-low frail, while 23.59% was not-frail
according to FP.
Table 2 shows that frail participants according to FP,
scored significantly higher on the CFAI and the CFAIdomains physical and psychological frailty compared to
people who were not-frail or pre-frail. No such differences were found for the CFAI-domains environmental
and social frailty.
Table 3 presents the results of the Spearman correlation analysis, observed agreement and kappa value. The
Spearman correlation between the FP and the CFAI was
R = 0.46, which was mainly attributed to by the physical
domain (R = 0.52), and to a lesser extent by the
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Table 1 Socio-demographic characteristics of the sample (N =
196)
Mean (SD)
Age

N (%)

72.74 (8.04)

Gender
Male

96 (48.98)

Female

100 (51.02)

Marital status
Married

61 (31.12)

Never married

14 (7.14)

Divorced

42 (21.43)

Cohabited

26 (13.27)

Widow(ed)

53 (27.04)

Highest level of education
No/primary

8 (4.10)

Lower secondary

58 (29.74)

Higher secondary

77 (39.49)

Higher education

52 (26.67)

Relocated past 10 years
Yes

97 (49.49)

No

99 (50.51)

Origine (country of birth)
Belgium

176 (89.80)

Other

20 (10.20)

Net Income in Euro’s
500–999

10 (6.13)

1000–1499

63 (38.65)

1500–1999

32 (19.63)

2000+

58 (35.58)

Fried Phenotype (unidimensional)
Not-frail

46 (23.59)

Pre-frail

111 (56.92)

Frail

38 (19.49)

CFAIa (multidimensional)
No-low frail

86 (44.33)

Mild frail

73 (37.63)

High frail

35 (18.04)

CFAI Comprehensive Frailty Assessment Instrument

a

psychological domain (R = 0.34). The correlations between the FP and the social and environmental domain
were R = 0.05 and R = 0.13, respectively. The observed
agreement between the FP and the CFAI was 52.85%,
the Kappa value was linear weighted = 0.35 and quadratic weighted = 0.45. Additional file 4: Table S1 presents
the number of participants for the different levels of
frailty according to the FP and the CFAI and its
domains.
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Table 2 The CFAI mean scores (total and per domain) according to the Fried Phenotype distribution
N

Not-frail
(mean ± SD)

193

19.35 ± 10.881

CFAI Physical

195

34

6.25 ± 13.11

CFAI Psychological

193

14.96 ± 16.326

CFAI

Fried Phenotype

P-value

Frail
(mean ± SD)

Pre-frail (mean ± SD)

41.05 ± 14.2812

p < 0.000

22.07 ± 30.61

45

61.84 ± 32.22

p < 0.000

16.46 ± 15.527

36.95 ± 22.9267

p < 0.000

23.84 ± 11.612
35

CFAI Social

195

46.61 ± 18.70

45.38 ± 18.04

51.21 ± 20.48

ns

CFAI Environmental

195

9.57 ± 13.16

10.99 ± 12.23

14.21 ± 14.64

ns

Anova test. According to the Levene’s Statistic, the variance of CFAI Physical and CFAI psychological were not equal instead the Welch test and Brown-Forsythe
test used to determine the p-value. As post-hoc, the Tukey HSD test was conducted to find differences in mean between pairs (see the superscripts). Superscripts
with the same number indicate a significant mean difference between two pairs of groups. The CFAI and its domains are a continuous scale (0–100). For the
psychological domain, there were missing data for two participants and, for the Fried Phenotype one participant had missing data. ns = non-significant

In total, 23 participants (11.92%) were frail according
to both the FP and the CFAI, 15 participants (7.77%)
were solely frail according to FP, and 12 participants
(6.21%) were solely high frail according to the CFAI (see
Additional file 4: Table S1, Table F for the subdomains
of the CFAI).
The characteristics of the frail samples differed, depending on the used frailty measurement (Table 4). For
instance, life satisfaction was significantly lower in the
respondents who were high frail according to the CFAI
compared to people who were frail according to the FP.
The high frail sample according to the CFAI tended to
have a lower income in comparing with the frail sample
of the FP; with regard to physical activities, the frail FPsample tended to do less physical activities than the high
frail sample according to the CFAI. For the characteristics age, meaning in life, social inclusion and feeling frail
no significant differences between groups were found.

Discussion
This study aimed to examine the concordances and differences between a unidimensional (FP) and a multidimensional assessment (CFAI) of frailty and to assess to
what extent the characteristics of ‘frail participants’ differ
depending on the used frailty measurement. The results
show that FP and CFAI measure partly the same ‘frailtyconstruct’, with a fair (linear weighted Kappa) to moderate (quadratic weighted Kappa) resemblance. Both scales

(FP and CFAI) indicate that 18 to 19% of the participants belong to the highest level of frailty. Although, the
frailest group in both scales (FP and CFAI) overlaps only
partially for instance, 7.77% was solely frail according to
FP and not according to the CFAI. Besides differences in
‘frailty status’ between the samples, the present results
also shows some differences between the characteristics
of these ‘frail samples’.
With regard to the first aim, the results show that the
overlap between CFAI and FP seems mainly due to the
physical domain of the CFAI and to a lesser extent the
psychological domain. Because the FP includes several
physical elements, like physical activity, walk time and
handgrip strength, the relation with the CFAI’s physical
domain was expected [5]. In addition, an association
with the psychological domain of the CFAI could have
been expected since exhaustion is also seen as a characteristic of depressive symptoms [28].
Differences between both frailty measurements were
found. For instance, more participants were categorized
as no-to-low frail according to the CFAI compared to
the FP. In addition, some participants were frail according to FP and not according the CFAI and vice-versa.
This confirms previous research. For instance a prior
study of Ntanasi et al. (2018) examined the overlap of
‘frail participants’ using 5 frailty scales; the results show
only a small overlap (0.7%), while some instruments indicated a frailty prevalence of 30.2% [12]. Further, low

Table 3 Measurements for differences and concordances between the Fried Phenotype and the CFAI and its domains
Fried Phenotype
Spearman correlation

Observed agreement

Weighted
Kappa value

Quadratic weighted
Kappa value

CFAI

R = 0.46

52.85%

0.35

0.45

CFAI Physical

R = 0.52

44.62%

0.25

0.39

CFAI Psychological

R = 0.32

39.38%

0.18

0.28

CFAI Social

R = 0.05

40.05%

0.04

0.06

CFAI Environmental

R = 0.13

48.72%

0.13

0.14

Spearman correlation: The same construct should have correlation coefficients greater than 0.30. The interpretation of the weighted Kappa coefficient is divided
as follows: < 0, no agreement; 0.01 to 0.20, none to slight; 0.21 to 0.40, fair; 0.41 to 0.60, moderate; 0.61 to 0.80, substantial; 0.81 to 1.00, almost perfect
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Table 4 Characteristics of the frail samples according to the frailty measurements (CFAI and Fried Phenotype)

Age

mean

Solely CFAI
High frail

CFAI and FP
(High-) frail

Solely FP
Frail

N = 12

N = 23

N = 15

70.00

75.04

76.67

1

1

pvalue
0.141

Sense of Mastery (0–5)

mean

3.36

2.94

3.76

0.003*

Meaning in Life (0–5)

mean

3.67

3.53

3.87

0.427

2

3

23

Life Satisfaction (0–5)

mean

2.82

3.07

3.92

0.001*

Social Inclusion (0–5)

mean

3.58

3.87

4.38

0.199

4

4

Ageing Well in Place (0–5)

mean

4.17

3.74

4.53

0.081¥

Feeling Frail (0–5)

mean

3.25

3.17

2.73

0.465

Net income in Euro’s

N
500–999

2

2

0

1000–1499

9

10

4

1500–1999

0

4

5

2000 or more

1

5

4

Physical activities

0.021

N

0.001
never

2

18

11

Rarely

1

2

0

monthly

1

1

0

weekly

8

2

4

Continuous variables were tested by ANOVA (Post hoc: Tukey HSD), while ordinal variables were tested by the Kruskall-Wallis test (post hoc Kendall tau). CFAI=
Comprehensive Frailty Assessment Index, FP = Fried Phenotype. p < 0.05 is considered significant. p < 0.10 is considered a trend. Superscripts with the same
number indicate a significant (mean) difference between two pairs of groups. Net income and physical activity are significant different between solely CFAI and
the two other groups (solely FP/CFAI and FP). Except age, all continuous scales ranged from 0 indicating a low level of … (e.g., mastery), till 5 indicating a high
level of … (e.g., mastery)

correlations were found between the FP and the social
and environmental domain of the CFAI. Since both domains are not included in the FP, a weak or no association was expected. The inclusion of extra domains in
the CFAI is probably also the reason why the Kappa
value between the FP and the CFAI was only fair (linear
weighted) to moderate (quadratic weighted). However,
also between the physical domain of the CFAI and the
FP differences were found; the interrater reliability was
here only fair. This difference can be due to the use of
performance-based tests (FP) versus self-reporting questions (CFAI) [29–31].
Concerning the characteristics of the ‘frail samples’, it
was shown that depending on the used frailty measurement the characteristics of the study samples differed.
Since the FP is focusing on physical frailty, one could expect that the frail sample according to the FP would be
physically weaker in comparison with the frail sample of
the CFAI, since the other domains in the CFAI will
downsize the importance of the physical domain. This
can explain why frail participants according to the FP
were older and physically less active. Although, it must
be pointed out that physical activity is one of the criteria
of the FP (see Additional file 5: Table S2: physical activity). The frail CFAI-sample seems to have lower levels of

life satisfaction and social inclusion. Furthermore, the
frail CFAI-sample also seems to have a lower income.
This is consistent with previous research that found
that income was a risk factor for multidimensional
frailty and not for unidimensional frailty (as measured
with the FP) [12].
Strengths and limitations

A strength of the present study is the difference in focus
in comparison with other studies. Whereby previous
research often aims to assess the predictive validity of
different frailty-instruments or to find similarities in
frailty-instruments, the present study objective is to find
concordances and differences between two frailtyinstruments [11, 12]. Thereby the one frailty scale is not
considered to be better or worse as the other, but both
can have an added value depending on the context.
This study has some limitations as well. First, the criterion low physical activity was not operationalized in
exactly the way it was initially proposed in the FP; this
may have affected the results [5]. Secondly, the sample
to assess to what extent the characteristics of ‘frail
participants’ differ depending on the used frailty
measurement, was rather small. Thirdly, only a small set
of characteristics were assessed, and variables such as
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multi-morbidity, total number of drugs used, were not
available [32].
Implications and future research

Many frailty measurements exist, each with their specific qualifications. Consequently, differences occur
between frailty measurements, for instance in the
classification of older adults and the prevalence of
frailty. Since the choice of a specific frailty measurement has an impact on the selected sample and the
characteristics of the sample, we assume that the outcomes of a (intervention) study can differ as well depending on the used frailty measurement. We also
assume that both approaches of frailty examined in
the present study can be useful for distinct purposes,
or contexts. For instance, an intervention study focusing on preventing the incidence of falls or the
improvement of physical activity will probably make
the best use of an approach where particularly physical elements of frailty are included. The selected
sample will be physically weaker (e.g., presence of sarcopenia, doing less physical activities) when a physical
unidimensional approach is used compared to a
multidimensional approach of frailty whereby social,
psychological and environmental domains are included and may downsize the importance of the
physical domain. In case of an intervention study focusing on ageing (well) in place, one can assume that
a multidimensional approach of frailty will probably
have a higher likelihood to recruit the targeted sample population. Since ageing well in place is partly determined by the social network of older adults [33], a
multidimensional approach of frailty including a social
domain will probably be better able to recruit those
older adults at risk for institutionalization, for example because of a lacking social network; this group
may be less recruited in a unidimensional physical approach of frailty [34]. To achieve a maximum effect
of an intervention, we assume that the ability to recruit the targeted sample is essential. Although more
research is needed to find evidence that both approaches of frailty can be useful for distinct purposes,
or contexts.
Researchers must be aware that different methods to
operationalize and measure frailty may have important
consequences for the outcomes of a study. Therefore,
more research including both a unidimensional and a
multidimensional approach in larger samples is warranted. A better understanding of the similarities and
differences in frailty approaches and their consequences
for the effectiveness of interventions and which approach is recommendable for which purpose will offer
healthcare professionals a better framework, which they
can apply to improve the care for frail older adults.
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Conclusion
The present study shows that the FP and CFAI partly
measure the same construct, although differences were
found in the prevalence of frailty and the composition of
the ‘frail participants’. Since ‘being frail’ is an inclusion
criterion in many studies, researchers must be aware
that the choice of the frailty measurement has an impact
on both the estimates of frailty prevalence and the characteristics of the selected sample.
Additional Files
Additional file 1: Figure S1. Sample size.
Additional file 2: Text S1. Protocol performance-based tests Fried
Phenotype.
Additional file 3: Text S2. The Comprehensive Frailty Assessment
Instrument (CFAI).
Additional file 4: Table S1. Observed agreement between Fried
Phenotype and CFAI.
Additional file 5: Table S2. Physical activity.

Abbreviations
CES-D: Center for Epidemiological Studies Depression Scale;
CFAI: Comprehensive Frailty Assessment Instrument; D-SCOPE: Detection,
Support and Care for Older people: Prevention and Empowerment; FP: Fried
Phenotype; GFI: Groningen Frailty Index; RCT: Randomised controlled trial;
TFI: Tilburg Frailty Indicator
Acknowledgements
The D-SCOPE consortium is an international research consortium and is composed of researchers from Vrije Universiteit Brussel, Belgium (Dr. A-.S. Smetcoren, Dr. S. Dury, Prof. Dr. L. De Donder, Prof. Dr. E. Dierckx, Dr. D. Lambotte,
Dr. B. Fret, Dr. D. Duppen, Prof. Dr. M. Kardol, Prof. Dr. D. Verté); College University Ghent, Belgium (Dr. L.J. Hoeyberghs, Prof. Dr. N. De Witte); Universiteit
Antwerpen, Belgium (Dr. E. E. De Roeck, Prof. Dr. S. Engelborghs, Prof. Dr. P.P.
De Deyn); Katholieke Universiteit Leuven, Belgium (M. Van der Elst, Prof. Dr.
J.De Lepeleire, Prof. Dr. B. Schoenmakers); and Maastricht University, the
Netherlands (M. Van der Elst, Dr. A. van der Vorst, Dr. G.A.R. Zijlstra, Prof. Dr.
G.I. J.M. Kempen, Prof. Dr. J. M.G. A. Schols). The authors warmly thank the
older respondents who participated in the study.
Authors’ contributions
MVDE: study concept, data collection, and data-analysis, drafting the manuscript. BS: study concept data-analysis, drafting manuscript, LOHV: study concept, critical revision of manuscript for intellectual content. EDL: critical
revision of manuscript for intellectual content. AVDV: data collection, critical
revision of manuscript for intellectual content. GK: study concept, dataanalysis, drafting the manuscript, NDW: critical revision of manuscript for intellectual content, JDL: study concept, data-analysis, drafting the manuscript.
JS: study concept, data-analysis, drafting the manuscript. All authors approved the final manuscript submitted for publication. All authors read and
approved the final manuscript.
Funding
Funding was provided by the instituut voor Innovatie door Wetenschap en
Technologie (IWT). IWT-project number: IWT-140027 with the title “D-SCOPE:
Detection - Support and Care of Older People in their Environment”. The
instituut voor Innovatie door Wetenschap en Technologie (IWT) had no role
in study design, data collection, data-analysis, data interpretation, or writing
of the report.
Availability of data and materials
The datasets generated and/or analysed during the current study are not
publicly available due the ethics approval for this study not allowing open

Elst et al. BMC Geriatrics

(2019) 19:346

access to the individual participant data but are available from the
corresponding author on reasonable request.
Ethics approval and consent to participate
This study was conducted according to the ethical guidelines laid down in
the Declaration of Helsinki. This study was reviewed and approved by the
medical ethics committee of the Vrije Universiteit Brussel, Brussels, Belgium
(reference number: B.U.N. 143,201,630,458). Written consent was obtained
from all participants.
Consent for publication
Not applicable. Personal data were not identifiable during the analysis.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Department of Public Health and Primary Care, KU Leuven, Kapucijnenvoer
33 bus 7001, B-3000 Leuven, Belgium. 2Department of Health Services
Research, Care and Public Health Research Institute (CAPHRI), Maastricht
University, Maastricht, the Netherlands. 3Centre of Research Autonomy and
Participation for Persons with a Chronic Illness, Faculty of Health, Zuyd
University of Applied Sciences, Heerlen, the Netherlands. 4Department of
Clinical and Lifespan Psychology, Vrije Universiteit Brussel, Brussels, Belgium.
5
Laboratory of Neurochemistry and Behavior, University of Antwerp,
Antwerp, Belgium. 6Faculty of Psychology and Educational Sciences, Vrije
Universiteit Brussel, Brussels, Belgium. 7Faculty of Education, Health and
Social Work, University College Ghent, Ghent, Belgium. 8Department of
Health Services Research, Family Medicine, Faculty of Health, Medicine and
Life Sciences, Maastricht University, Maastricht, the Netherlands.
Received: 26 September 2019 Accepted: 27 November 2019

References
1. Rockwood K, Fox RA, Stolee P, et al. Frailty in elderly people: an evolving
concept. CMAJ. 1994;150(4):489.
2. Gobbens RJJ, Luijkx KG, Wijnen-Sponselee MT, Schols JMGA. In search of an
integral conceptual definition of frailty: opinions of experts. J Am Med Dir
Assoc. 2010;11(5):338–43.
3. de Vries NM, Staal JB, van Ravensberg CD, et al. Outcome instruments to
measure frailty: a systematic review. Ageing Res Rev. 2011;10(1):104–14.
4. Morley JE, Vellas B, van Kan GA, et al. Frailty consensus: a call to action. J
Am Med Dir Assoc. 2013;14(6):392–7.
5. Fried LP, Tangen CM, Walston J, et al. Frailty in older adults: evidence for a
phenotype. J Gerontol Ser A Biol Med Sci. 2001;56(3):M146–M57.
6. De Witte N, De Donder L, Dury S, et al. A theoretical perspective on the
conceptualisation and usefulness of frailty and vulnerability measurements
in community dwelling older adults. Aporia Nurs J. 2013;5:13–31.
7. Gobbens RJ, van Assen MA, Luijkx KG, et al. The Tilburg frailty indicator:
psychometric properties. J Am Med Dir Assoc. 2010;11(5):344–55.
8. Steverink N. Measuring frailty: developing and testing the GFI (Groningen
frailty Indicator). The Gerontologist. 2001;41:236.
9. De Witte N, Gobbens R, De Donder L, et al. The comprehensive frailty
assessment instrument: development, validity and reliability. Geriatr Nurs.
2013;34(4):274–81.
10. Collard RM, Boter H, Schoevers RA, Voshaar RCO. Prevalence of frailty in
community-dwelling older persons: a systematic review. J Am Geriatr Soc.
2012;60(8):1487–92.
11. LP oV, Beurskens AJ, de Vet HC, et al. The ability of four frailty screening
instruments to predict mortality, hospitalization and dependency in
(instrumental) activities of daily living. Eur J Ageing. 2019:1–8.
12. Ntanasi E, Yannakoulia M, Mourtzi N, et al. Prevalence and risk factors of
frailty in a community-dwelling population: the HELIAD study. J Aging
Health. 2018;0898264318801735.
13. Aguayo GA, Donneau AF, Vaillant MT, et al. Agreement between 35
published frailty scores in the general population. Am J Epidemiol. 2017;
186(4):420–34.
14. Hegendörfer E, Vaes B, Van Pottelbergh G, et al. Predictive accuracy of frailty
tools for adverse outcomes in a cohort of adults 80 years and older: a
decision curve analysis. J Am Med Dir Assoc.

Page 8 of 8

15. Lambotte D, De Donder L, De Roeck EE, et al. Randomized controlled trial
to evaluate a prevention program for frail community-dwelling older adults:
a D-SCOPE protocol. BMC Geriatr. 2018;18(1):194.
16. Guralnik JM, Branch LG, Cummings SR, Curb JD. Physical performance
measures in aging research. J Gerontol. 1989;44(5):M141–M6.
17. Orme JG, Reis J, Herz EJ. Factorial and discriminant validity of the Center for
Epidemiological Studies Depression (CES-D) scale. J Clin Psychol. 1986;42(1):28–33.
18. De Donder L, De Witte N, Verté D, et al. Developing evidence-based agefriendly policies: a participatory research project: SAGE publications, Ltd.; 2014.
19. De Witte N, Hoeyberghs L, Verte E, et al. The comprehensive frailty
assessment instrument enables to detect multidimensional frailty in
community dwelling older people. Healthy Aging Res. 2018;7(3).
20. Steger MF, Frazier P, Oishi S, Kaler M. The meaning in life questionnaire:
assessing the presence of and search for meaning in life. J Couns Psychol.
2006;53(1):80–93.
21. Diener E, Emmons RA, Larsen RJ, Griffin S. The satisfaction with life scale. J
Pers Assess. 1985;49(1):71–5.
22. Pearlin LI, Nguyen KB, Schieman S, Milkie MA. The life-course origins of
mastery among older people. J Health Soc Behav. 2007;48(2):164–79.
23. Verkerk MA. The care perspective and autonomy. Med Health Care Philos.
2001;4(3):289–94.
24. McColl MA, Davies D, Carlson P, et al. The community integration measure:
development and preliminary validation. Arch Phys Med Rehabil. 2001;82(4):
429–34.
25. Reid J. Performance based measures and practical validity. Assessing
Emotional Intelligence: Springer; 2009. p. 157–70.
26. Gisev N, Bell JS, Chen TF. Interrater agreement and interrater reliability: key
concepts, approaches, and applications. Res Soc Adm Pharm. 2013;9(3):330–8.
27. McHugh ML. Interrater reliability: the kappa statistic. Biochem Med (Zagreb).
2012;22(3):276–82.
28. Radloff LS. The CES-D scale: a self-report depression scale for research in the
general population. Appl Psychol Meas. 1977;1(3):385–401.
29. Kempen GI, Steverink N, Ormel J, Deeg DJ. The assessment of ADL among
frail elderly in an interview survey: self-report versus performance-based
tests and determinants of discrepancies. J Gerontol B Psychol Sci Soc Sci.
1996;51(5):P254–60.
30. Kempen GIJM, Heuvelen MJGV, Brink RHSVD, et al. Factors affecting
contrasting results between self-reported and performance-based levels of
physical limitations. Age Ageing. 1996;25(6):458–64.
31. LP OV, de Vet HC, van Rossum E, et al. Substitution of Fried’s performancebased physical frailty criteria with self-report questions. Arch Gerontol
Geriatr. 2018;75:91–5.
32. Abete P, Basile C, Bulli G, et al. The Italian version of the “frailty index” based on
deficits in health: a validation study. Aging Clin Exp Res. 2017;29(5):913–26.
33. Gardner PJ. Natural neighborhood networks — important social networks
in the lives of older adults aging in place. J Aging Stud. 2011;25(3):263–71.
34. Tanne JH. "granny dumping" in the US. BMJ (Clinical research ed). 1992;
304(6823):333–4.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

